© 2026 JETNR | Volume 4, Issue 6 June 2026 | ISSN: 2984-9276 | JETNR.ORG

£ Journal of Emerging Trends and Novel Research

JETNR.ORG | ISSN : 2984-9276
An International O}um Arccess, Peer-reviewed, ﬁefzrea(]oumnl

ECOTOXICOLOGICAL EFFECTS OF PVC
MICROPLASTICS ON FRESHWATER FAUNA

Vijay D. Suryawanshi

Associate professor
PG Dept. of Zoology
Sant Ramdas Arts Commerce & Science College Ghansawangi, Jalna Maharashtra India

Abstract: Plastic pollution has emerged as a major environmental concern affecting aquatic ecosystems worldwide. Among various
synthetic polymers, Polyvinyl Chloride (PVC) is extensively used in industrial, domestic, medical, and agricultural applications
due to its durability and low production cost. However, improper disposal of PVVC waste leads to accumulation in freshwater
ecosystems where it exerts toxicological effects on aquatic organisms. The present review investigates the toxicological impact of
PVC and PVC-derived microplastics on freshwater animals including fishes, crustaceans, molluscs, amphibians, and zooplankton.
Various studies demonstrate that PVC particles and associated additives such as phthalates, vinyl chloride monomers, heavy metals,
and stabilizers induce oxidative stress, histopathological alterations, behavioural abnormalities, reproductive toxicity, neurotoxicity,
and mortality in aquatic organisms (Rochman et al., 2013; Lithneret al., 2011). Experimental observations reveal that PVVC exposure
significantly affects feeding behavior, respiration, growth, enzymatic activity, and immune responses in freshwater fauna.
Bioaccumulation and trophic transfer of PVC-associated contaminants further increase ecological risks in aquatic food chains. The
study highlights the urgent need for effective plastic waste management, environmental monitoring, and sustainable alternatives to
reduce PVC contamination in freshwater ecosystems.
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I-INTRODUCTION

Plastic pollution is currently recognized as one of the most serious environmental challenges affecting terrestrial and aquatic
ecosystems worldwide. The global production of plastics has increased dramatically over recent decades due to rapid
industrialization, urbanization, and widespread use of synthetic polymer materials (Geyer et al., 2017). Among various plastic
polymers, Polyvinyl Chloride (PVC) is one of the most extensively manufactured and utilized plastics because of its flexibility,
chemical resistance, durability, and low cost (Lithner et al., 2011).

PVC is commonly used in pipes, packaging materials, electrical cables, medical devices, construction products, toys, and household
items. During manufacturing, PVC is mixed with several chemical additives including plasticizers, stabilizers, pigments, flame
retardants, and heavy metals to improve its physical properties (Hermabessiere et al., 2017). However, many of these additives are
toxic and may leach into aquatic environments after disposal of PVC waste.

Freshwater ecosystems such as rivers, lakes, ponds, reservoirs, and wetlands receive large amounts of plastic debris through
industrial discharge, sewage runoff, urban drainage, agricultural activities, and improper waste management (Windsor et al., 2019).
Environmental degradation of PVC materials produces microplastics and nanoplastics that persist in aquatic systems for long
periods due to their non-biodegradable nature. These particles can be ingested by aquatic organisms either directly or indirectly
through contaminated food chains (Wright et al., 2013).

PVC has been considered one of the most hazardous plastics due to the presence of toxic chlorine-containing compounds and
harmful additives such as phthalates, cadmium, lead, and organotin compounds (Lithner et al., 2011). Exposure to PVC particles
and associated chemicals may induce oxidative stress, endocrine disruption, immunotoxicity, reproductive disorders, developmental
abnormalities, and tissue damage in freshwater organisms (Rochman et al., 2013). Fish, crustaceans, molluscs, amphibians, and
zooplankton are particularly vulnerable because they continuously interact with contaminated water and sediments.

Recent studies have demonstrated that PVVC microplastics can accumulate in fish gills, liver, intestine, and muscle tissues, causing
histopathological and biochemical alterations (Jabeen et al., 2018). In addition, PVVC-associated pollutants can adsorb toxic organic
contaminants and heavy metals from surrounding water, thereby increasing toxicity through combined exposure mechanisms
(Brennecke et al., 2016). Such contamination not only threatens aquatic biodiversity but also poses potential risks to human health
through consumption of contaminated fish and aquatic food products. Although several studies have investigated microplastic
pollution in marine ecosystems, information regarding the toxicological effects of PVC in freshwater ecosystems remains
comparatively limited. Understanding the impacts of PVC pollution on freshwater fauna is therefore essential for biodiversity
conservation, aquatic ecosystem management, and environmental protection. The present review aims to summarize the
toxicological impacts of PVC on freshwater animals with emphasis on physiological, biochemical, histopathological, reproductive,
and ecological effects.
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II-RESEARCH METHODOLOGY

2.1-Literature Collection: The present review article was prepared using scientific literature collected from: Google Scholar,
Scopus, Web of Science, PubMed, ResearchGate. Published research articles from 2010-2026 related to PVC toxicity, freshwater
pollution, microplastics, and aquatic toxicology were reviewed.

2.2-Selection Criteria: Studies were selected based on: Experimental studies on freshwater organisms, P\VC and PVVC microplastic
exposure, Toxicological and ecological effects, Histopathological and biochemical investigations, Recent publications with peer-
reviewed data

2.3-Organisms Included: The review included studies on: Freshwater fishes, Crustaceans, Amphibians Molluscs, Zooplankton
and aquatic insects.

2.4-Toxicological Parameters Evaluated: The following toxicological parameters were analyzed: Mortality, Oxidative stress,
Histopathology, Growth inhibition, Reproductive toxicity, Neurotoxicity Behavioral alterations, Bioaccumulation

111. RESULTS AND DISCUSSION

3.1. PVC Pollution in Freshwater Ecosystems: PVVC waste enters freshwater ecosystems through industrial effluents, municipal
waste discharge, sewage runoff, plastic degradation, and landfill leachates (Windsor et al., 2019). Environmental fragmentation
converts large PVC debris into microplastics (<5 mm) and nanoplastics that remain suspended in water or accumulate in sediments.
PVC microplastics exhibit high persistence due to their resistant polymeric structure and low biodegradability. Compared to other
polymers, PVC possesses relatively high density, which causes particles to settle into bottom sediments where benthic organisms
are exposed continuously (Lithner et al., 2011). Recent studies reported significant accumulation of PVVC particles in freshwater
rivers and lakes across Asia, Europe, and North America (Li et al., 2020). These particles act as carriers for toxic pollutants including
pesticides, hydrocarbons, and heavy metals, thereby enhancing toxicity.

3.2. Oxidative Stress and Biochemical Toxicity: One of the major toxicological effects of PVC exposure is oxidative stress caused
by excessive production of reactive oxygen species (ROS). ROS damage cellular lipids, proteins, and nucleic acids leading to
physiological dysfunction (Rochman et al., 2013). Fish exposed to PVC microplastics showed elevated levels of: Lipid
peroxidation, Catalase activity Superoxide dismutase, Glutathione peroxidase. Experimental exposure of zebrafish (Danio rerio) to
PVC particles resulted in significant oxidative damage in liver and intestinal tissues (Qiao et al., 2019). Similarly, Nile tilapia
(Oreochromis niloticus) exposed to PVVC microplastics exhibited reduced antioxidant defense and altered metabolic enzymes. PVC
microplastics and their associated additives induce oxidative stress in freshwater organisms through excessive generation of reactive
oxygen species (ROS). ROS are highly reactive molecules that damage proteins, lipids, DNA, and cellular membranes, ultimately
impairing normal physiological functions (Qiao et al., 2019). Antioxidant enzymes become elevated as a defense mechanism against
oxidative injury. Oxidative stress may lead to: DNA damage, Cell apoptosis, Immune suppression, Reduced growth performance.
These findings indicate that oxidative stress serves as a primary mechanism underlying PVC-induced toxicity in freshwater
organisms. Similar biochemical alterations have been documented in freshwater crustaceans, molluscs, and amphibians exposed to
microplastic pollutants (Zhang et al., 2022). In earthworms, PVC microplastics interfere with digestive enzyme activities and
nutrient assimilation, thereby reducing soil fertility and ecological productivity (Huerta Lwanga et al., 2016). Insects exposed to
PVC-contaminated substrates exhibit reduced growth, altered metabolic rate, and mitochondrial dysfunction due to oxidative stress
(Zhang et al., 2022).

3.3-Lipid Peroxidation: Lipid peroxidation refers to oxidative degradation of membrane lipids caused by ROS attack on
polyunsaturated fatty acids present in cell membranes. Elevated lipid peroxidation is considered a biomarker of oxidative stress in
aquatic organisms (Rochman et al., 2013). PVVC-associated toxicants such as phthalates and heavy metals stimulate ROS production,
which damages membrane integrity and alters permeability. Increased malondialdehyde (MDA) concentration, a major product of
lipid peroxidation, has been reported in fishes exposed to PVC microplastics (Qiao et al., 2019). Elevated lipid peroxidation may
cause: Membrane destabilization, Cellular degeneration, Mitochondrial dysfunction and tissue necrosis. In zebrafish (Danio rerio),
exposure to PVC particles significantly increased MDA levels in liver and intestinal tissues, indicating severe oxidative membrane
damage (Lu et al., 2016).

3.4-Catalase Activity: Catalase (CAT) is an important antioxidant enzyme that converts hydrogen peroxide (H20-) into water and
oxygen, thereby protecting cells from oxidative injury. PVC exposure increases intracellular hydrogen peroxide generation, leading
to elevated catalase activity as a compensatory response (de Sa et al., 2018). Increased CAT activity has been observed in fish liver,
gills, and kidney tissues after microplastic exposure. Initially, enhanced catalase activity helps neutralize oxidative stress; however,
prolonged exposure may exhaust antioxidant defenses and result in enzyme inhibition and tissue damage (Wang et al., 2019).
Studies on Nile tilapia (Oreochromis niloticus) exposed to PVC microplastics demonstrated significantly elevated CAT activity
associated with hepatic stress and inflammation (Sun et al., 2021).

3.5-Superoxide Dismutase (SOD): Superoxide dismutase is the primary antioxidant enzyme responsible for conversion of
superoxide radicals into hydrogen peroxide and molecular oxygen. Elevated SOD activity indicates increased formation of
superoxide radicals during PVC-induced oxidative stress (Qiao et al., 2019). Excess ROS generated by PVC particles activates
antioxidant defense systems in order to protect cellular organelles. However, prolonged oxidative stress may overwhelm SOD
activity, leading to: Protein oxidation, DNA damage, Cellular apoptosis and reduced metabolic efficiency. Freshwater fishes
exposed to microplastics exhibited increased SOD activity in liver and gill tissues, suggesting activation of oxidative stress defense
mechanisms (Li et al., 2020).

3.6-Glutathione Peroxidase (GPx): Glutathione peroxidase is a selenium-dependent antioxidant enzyme involved in detoxification
of hydrogen peroxide and lipid hydroperoxides. PVC-induced oxidative stress elevates GPx activity in order to protect cells against
peroxide-mediated damage (Sun et al., 2021). Increased GPx activity has been reported in freshwater fish exposed to P\VVC and other
microplastics. Continuous oxidative stress may deplete glutathione reserves, reduce antioxidant capacity and leading to: Oxidative
cellular injury, Mitochondrial dysfunction and Immune suppression. Qiao et al. (2019) observed significantly altered GPx activity
in zebrafish exposed to PVC microplastics, indicating biochemical stress and metabolic disturbance.
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3.7- Histopathological Alterations: Histopathological studies have demonstrated severe tissue damage in freshwater animals
exposed to PVC contaminants. Commonly affected organs include: Gills, Liver Kidney, Intestine and Gonads.

3.8-Gill Alterations: Fish exposed to PVC particles exhibited: Lamellar fusion, Epithelial lifting, Hyperplasia, Necrosis Gill
damage impairs respiration and ion regulation, reducing oxygen uptake efficiency. Lamellar fusion reduces respiratory surface area
and interferes with oxygen exchange (Lu et al., 2016). Hyperplasia occurs as a protective response against toxic particles, but
excessive cell proliferation impairs gill function. Epithelial lifting increases diffusion distance between water and blood, reducing
oxygen uptake efficiency (Wright et al., 2013). Necrosis and edema further damage gill tissues, resulting in respiratory stress and
reduced survival.

3.8-Liver Alterations: The liver is the principal detoxification organ and accumulates PVVC-associated contaminants.

3.9-Major hepatic alterations include: Liver tissues showed: Vacuolation, Hepatocyte degeneration, Necrosis, Fatty infiltration
The liver acts as the major detoxification organ; therefore, accumulation of PVC-associated toxins significantly affects hepatic
metabolism. Hepatocyte vacuolation indicates metabolic imbalance and lipid accumulation caused by toxic stress (Rochman et al.,
2013). Necrosis results from oxidative damage and mitochondrial dysfunction. PVC additives such as phthalates and heavy metals
impair hepatic enzyme systems, reducing detoxification capacity and disturbing protein synthesis (Hermabessiere et al., 2017).
Histological studies in zebrafish revealed severe liver degeneration following chronic PVVC exposure (Qiao et al., 2019).

Kidney: Kidneys are essential for osmoregulation and excretion of toxic substances. PVC exposure induces: Tubular degeneration,
Glomerular shrinkage, Hemorrhage, Necrosis, Cellular swelling. Tubular degeneration impairs filtration and excretory functions,
causing accumulation of metabolic wastes (de S et al., 2018). Glomerular shrinkage reduces blood filtration efficiency. Kidney
damage also disrupts ionic balance and osmoregulation in freshwater organisms, leading to physiological stress and mortality.
Intestinal Damage: Intestinal tissues are directly affected after ingestion of PVVC particles. PVVC ingestion caused: Inflammation,
Mucosal erosion, Reduced nutrient absorption, Goblet cell hyperplasia. Histopathological changes in intestine interfere with
digestion and energy metabolism. Studies by Jabeen et al., (2018) reported microplastic accumulation in gastrointestinal tracts of
freshwater fishes collected from polluted rivers. Similar pathological observations were documented by Lu etal., (2016) in zebrafish
exposed to PVC microplastics. Mucosal erosion reduces nutrient absorption efficiency, leading to poor growth and metabolic
disturbances (Li et al., 2020). Goblet cell hyperplasia represents a defensive response involving increased mucus secretion.
Inflammatory responses induced by PVC microplastics impair intestinal barrier function and alter gut microbiota composition (Qiao
etal., 2019).

4. Reproductive and Developmental Toxicity:

Gonads: PVC-associated endocrine disruptors adversely affect gonadal tissues. Observed gonadal damage includes: Degeneration
of germ cells, Reduced spermatogenesis, Oocyte atresia, Follicular disruption, Gonadal necrosis. Phthalates present in PVC interfere
with steroid hormone synthesis and reproductive physiology (Hermabessiere et al., 2017). Gonadal degeneration reduces
reproductive success and population recruitment. Several studies reported decreased gonadosomatic index (GSI) and abnormal
gamete development in fishes exposed to PVC contaminants (Wang et al., 2019). PVC-associated additives such as phthalates act
as endocrine-disrupting chemicals that interfere with hormonal regulation and reproductive physiology (Hermabessiere et al., 2017).
Observed reproductive effects include: Reduced fecundity, delayed gonadal maturation, altered sex hormone levels, Reduced sperm
quality, Embryonic deformities. Amphibians exposed to PVC leachates showed developmental abnormalities including: Reduced
body length, Delayed metamorphosis Skeletal malformations. Fish larvae are particularly vulnerable because microplastics may
block digestive tracts and interfere with nutrient absorption during early developmental stages. Several studies reported decreased
hatching success and increased larval mortality following PVVC exposure (Wright et al., 2013).

5. Behavioral and Neurotoxic Effects: Behavioral changes are considered important indicators of toxic stress in aquatic organisms.
PVC exposure causes: Reduced swimming activity, Abnormal feeding Behavior, Loss of predator avoidance, Hyperactivity,
Reduced social interaction. Neurotoxicity occurs due to accumulation of toxic additives and oxidative damage to nervous tissues.
Experimental studies on zebrafish revealed altered acetylcholinesterase activity following PVC microplastic exposure (Qiao et al.,
2019). Behavioral abnormalities may reduce survival, predator escape efficiency, and reproductive success in natural environments.
Reduced Swimming Activity: PVC exposure impairs muscular coordination and nervous system function, leading to reduced
swimming performance (Lu et al., 2016). Reduced swimming activity decreases: Predator escape ability, Food searching efficiency,
Reproductive migration success.

Abnormal Feeding Behavior: Microplastic ingestion causes intestinal blockage and neurological stress, altering feeding patterns.
Affected fishes exhibit: Reduced appetite, Irregular feeding, Lower food intake. Reduced feeding ultimately affects growth and
survival (Li et al., 2020).

Loss of Predator Avoidance: Neurotoxicity induced by PVVC contaminants affects sensory and Behavioral responses. Fish exposed
to PVC particles show slower reaction time and impaired predator recognition (Wright et al., 2013). Such behavioural impairment
increases predation risk.

Hyperactivity: Exposure to toxic additives alters neurotransmitter balance and causes abnormal locomotor activity. Hyperactivity
reflects neurological stress and may increase energy expenditure and physiological exhaustion (Qiao et al., 2019).

Reduced Social Interaction: PVC-associated neurotoxicity disrupts schooling behaviour and communication among fishes.
Reduced social interaction affects: Group defense mechanisms. Mating behaviour. Feeding coordination. Behavioral abnormalities
ultimately reduce ecological fitness and survival.

6. Bioaccumulation and Food Chain Transfer: PVC particles are capable of bioaccumulating in aquatic organisms and
transferring through trophic levels. Small organisms such as zooplankton ingest microplastics, which are subsequently consumed
by larger fishes and predators. Bioaccumulation increases exposure duration and enhances toxicological risks. PVC-associated
contaminants including heavy metals and hydrophobic organic pollutants accumulate in tissues over time. Human consumption of
contaminated fish may therefore pose potential health risks including: endocrine disruption, Carcinogenic effects, Neurological
disorders. Recent studies indicate that microplastic contamination has become an emerging public health concern due to its entry
into aquatic food chains (Li et al., 2020).
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Carcinogenic Effects: Vinyl chloride monomer and certain PVC additives are recognized carcinogens. Long-term exposure may
cause: DNA mutations, Cellular transformation. Tumour formation Bioaccumulated carcinogens in aquatic organisms increase
public health risks associated with seafood consumption (Lithner et al., 2011).

Neurological Disorders: PVC-associated heavy metals and toxic chemicals affect nervous system function. Neurological effects
include: Neurotransmitter imbalance, Nerve degeneration, Cognitive impairment and behavioural abnormalities. Trophic transfer
of neurotoxic compounds through food chains may impact higher consumers including humans (Wang et al., 2019).

Ecological Consequences:

Reduction in Biodiversity: PVC pollution causes mortality and reproductive failure in sensitive species, leading to biodiversity
loss (Sun et al., 2021). Species with low tolerance disappear from contaminated habitats, reducing ecosystem stability.

Altered Species Composition: Pollution-tolerant species become dominant while sensitive organisms decline. Such shifts alter
community structure and ecological balance within freshwater ecosystems (Li et al., 2020).

Disturbance in Food Webs: PVC contamination affects organisms at multiple trophic levels. Reduction in plankton populations
affects fishes, birds, and aquatic predators, disturbing energy flow and trophic interactions (Wright et al., 2013).

Habitat Degradation: Accumulation of PVC waste degrades aquatic habitats by: Altering sediment structure, reducing water
quality, Blocking sunlight penetration. Habitat degradation negatively affects breeding and feeding grounds of freshwater fauna
(Windsor et al., 2019).

Reduced Ecosystem Productivity: PVC-induced toxicity reduces growth, reproduction, and survival of aquatic organisms. Decline
in biodiversity and biomass lowers overall ecosystem productivity and fisheries potential (Sun et al., 2021).

7. Ecological Consequences: PVC pollution affects freshwater ecosystems at both organism and community levels. Major
ecological consequences include: Reduction in biodiversity, altered species composition, Disturbance in food webs, Habitat
degradation and reduced ecosystem productivity Sensitive species often disappear from heavily polluted environments, resulting in
ecological imbalance. Long-term accumulation of PVVC particles in sediments may alter benthic community structure and nutrient
cycling processes. Freshwater ecosystems with high plastic contamination frequently exhibit reduced ecological resilience and
increased vulnerability to environmental stress. PVC microplastics are frequently ingested by aquatic organisms because their size
resembles natural food particles. Zooplankton, small fishes, crustaceans, and filter-feeding molluscs accidentally consume PVC
particles during feeding activities (Cole et al., 2011). Ingestion causes intestinal blockage, reduced nutrient absorption, false
satiation, tissue inflammation, and impaired growth (Lu et al., 2016). Reduced feeding efficiency ultimately lowers survival rates
and population productivity in aquatic ecosystems. Habitat degradation is also associated with large-scale accumulation of PVC
waste in aquatic environments. Floating and submerged plastic debris reduces light penetration, interferes with aquatic vegetation,
and damages breeding and spawning grounds (Derraik, 2002). Entanglement in larger P\/C debris may injure fishes, turtles, birds,
and aquatic mammals, reducing survival and mobility.

PVC-associated contaminants may also increase susceptibility of aquatic organisms to infectious diseases. Oxidative stress and
immune suppression weaken defense mechanisms, allowing pathogens and parasites to spread more easily in polluted habitats (de
Sé et al., 2018). Disease outbreaks can further reduce fish populations and affect aquaculture productivity. PVC pollution also
disturbs aquatic food webs through trophic transfer and bioaccumulation. Microplastics consumed by lower trophic organisms such
as plankton and benthic invertebrates are transferred to higher trophic levels including fishes, birds, reptiles, and mammals (Nelms
et al., 2018). PVC particles can adsorb toxic chemicals such as pesticides, hydrocarbons, antibiotics, and heavy metals from
surrounding water, increasing contaminant transfer through food chains (Brennecke et al., 2016). Biomagnification of toxic
substances threatens ecological stability and may also affect human health through seafood consumption.

Conclusion: The present review highlights the significant toxicological impacts of PVC and PVC-derived microplastics on
freshwater animals. PVC pollution induces oxidative stress, histopathological damage, reproductive toxicity, neurotoxicity,
Behavioral abnormalities, and ecological disturbances in aquatic organisms. Freshwater fishes, amphibians, crustaceans, and
molluscs are highly susceptible to PVVC-associated contaminants due to continuous exposure through water and food chains. PVC
microplastics not only affect individual organisms but also threaten ecosystem stability through bioaccumulation and trophic
transfer. Increasing plastic pollution in freshwater ecosystems demands immediate attention for effective waste management,
pollution control, environmental monitoring, and public awareness. Future research should focus on: Long-term ecological impacts,
Molecular mechanisms of toxicity, Combined effects of PVVC with other pollutants, Development of biodegradable alternatives and
Improved freshwater conservation strategies. Sustainable environmental policies and strict regulation of plastic waste disposal are
essential for protecting freshwater biodiversity and maintaining aquatic ecosystem health
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