Review Article

Impacts of Microplastic Exposure on Animal Physiology and Health: A Global Perspective


.     
.
              . 
                     
	.
..


.



ABSTRACT

Microplastic (MP) pollution has emerged as a critical global concern, infiltrating both terrestrial and aquatic ecosystems. Its potential impact on animal health is drawing increasing scientific attention. This review highlights widespread MP contamination across a diverse range of species and environments, with evidence emerging from all continents, including both industrialized and developing regions. The health effects of MPs on animals are multifaceted, encompassing physical damage, inflammatory responses, chemical toxicity from adsorbed pollutants, and behavioural alterations. Long-term exposure raises serious concerns about chronic toxicity and the role of MPs as vectors for harmful substances, contributing to bioaccumulation within food chains. These disruptions can cascade into broader ecological consequences, affecting animal behaviour, population stability, and overall ecosystem functionality. Understanding these dynamics calls for an integrative research approach, drawing on insights from ecology, toxicology, biology, and environmental chemistry. Importantly, as MPs may transfer from animals to humans via the food web, the implications for public health demand urgent and continued global investigation. 
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1. INTRODUCTION

Plastics are extensively used in a variety of consumer products, including electrical devices and vehicles, and have diverse applications in sectors such as agriculture, construction, and manufacturing. Globally, plastic production has risen to an estimated 350 million tonnes annually (Bucknall, 2020). Microplastics (MPs), defined as plastic particles smaller than 5 mm, are generally divided into two main categories (Chia et al., 2022; Lee, 2022). Primary MPs are purposely manufactured for specific functions, including microbeads in cosmetic products, synthetic fibers released from textiles, and resin pellets used in industrial settings (Yurtsever, 2019; Chia et al., 2024; Jeong et al., 2023; Kim et al., 2023). Secondary MPs, on the other hand, result from the fragmentation of larger plastic items-like packaging materials, bags, and bottles-due to prolonged exposure to environmental factors such as sunlight, thermal changes, and physical abrasion (Auta et al., 2017; Chia et al., 2021; Lee et al., 2022; Lee et al., 2022; Cha et al., 2023). Microplastics (MPs) exist in multiple forms such as microbeads, microfibers, fragments, and thin films. Their minute size and low density enable them to travel easily through different environments, contributing to their widespread presence and making them a significant environmental issue (Ryu et al., 2021; Lee & Cha, 2023; Jeong et al. 2024).

Microplastics (MPs) are now widespread across natural environments, impacting terrestrial, aquatic, and even atmospheric systems. They are frequently detected in marine and freshwater bodies such as oceans, seas, rivers, and lakes, posing serious risks to aquatic organisms. A wide range of species-from plankton to large marine animals-are vulnerable to ingesting or becoming entangled in MPs (Auta et al., 2017; Hollerova et al., 2021). These particles have been identified in the digestive tracts of various organisms, including invertebrates, fish, turtles, and other large animals (Naidu et al., 2018; Choy et al., 2019; Sul et al., 2014). Shellfish, plankton, and algae in aquatic environments may also absorb MPs from the water. Such ingestion can cause health issues like gastrointestinal obstruction and facilitate the entry of toxins into the food chain. Additionally, MPs are present in terrestrial ecosystems, particularly in soils (Sarker et al., 2020), where they can accumulate in agricultural lands, potentially affecting plant health and introducing contaminants into the food supply (Chia et al., 2021; Cha et al., 2023). Microplastics (MPs) can also impact terrestrial wildlife through both ingestion and disturbances to their habitats. Studies have indicated that certain soil-dwelling organisms, such as earthworms and springtails, experience adverse health effects after ingesting MPs (Huerta et al., 2016). In addition to their presence in land and aquatic ecosystems, recent studies have revealed that MPs can also be dispersed via the atmosphere. Atmospheric transport allows MPs to reach and deposit in even remote and previously undisturbed environments (Martina & Castelli, 2023). Furthermore, MPs have been identified in a variety of human consumables, including seafood, drinking water, and even the air, indicating widespread human exposure (Senathirajah et al., 2021). Due to their high surface-area-to-volume ratio and the energy associated with their small size, MPs are capable of adsorbing and concentrating hazardous chemicals (Okoye et al., 2022; Xiang et al., 2022). This property enhances their potential toxicity to living organisms and has raised growing concerns regarding the health implications of MP exposure in humans.
Animal exposure to microplastics (MPs) is a growing concern due to its broad ecological, environmental, and public health consequences. Both aquatic and terrestrial animals are key components of ecosystems, and their interaction with MPs can disrupt ecological balance. For instance, when marine filter-feeders like plankton ingest MPs, it can interfere with the foundational levels of the marine food web, potentially altering the entire ecosystem’s structure and functioning (Desforges et al., 2015; Tuuri et al., 2023). Gaining insight into how MPs impact various animal species is vital for conserving biodiversity. Species already under threat of extinction may face heightened risks due to MP contamination, compounding existing environmental pressures (Reid et al., 2019). Ingested MPs can also be transferred up the food chain (Lohmann, 2017), meaning that predators consuming contaminated prey may accumulate higher levels of MPs in their bodies. This bioaccumulation presents dangers not only to wildlife but also to humans who consume seafood and meat from affected animals.
Understanding how animals encounter and respond to MPs is crucial in evaluating potential health risks to humans arising from MP ingestion (Ebrahimi et al., 2022). Studying these effects also contributes to the field of ecotoxicology, which investigates how pollutants influence living organisms and ecosystems. Such research plays a vital role in guiding pollution control measures and conservation initiatives. Moreover, scientific findings on the negative effects of MPs on wildlife can support the development of regulations, such as restrictions on specific plastic products and improved plastic waste management policies. In recent years, public awareness regarding the environmental impact of plastic pollution has grown considerably (Cardenas-Alcaide et al., 2022; Horton, 2022). The expanding body of research on animal exposure to microplastics (MPs) (fig. 1) has played a key role in informing and encouraging action among individuals, communities, and policymakers to reduce plastic waste and mitigate its negative effects. Investigating the interactions between animals and MPs enhances our understanding of the intricate relationships that exist among biological processes, ecological systems, and environmental chemistry (Zhang et al., 2023). Recent studies have highlighted the widespread occurrence, trophic transfer, and ecological impacts of microplastics across diverse environmental compartments and organisms (Singh et al., 2024). Emerging evidence suggests that microplastics adversely affect female reproductive health, including ovarian function, hormone levels, and fertility outcomes (Inam, 2025). Microplastics and nanoplastics have been shown to cause oxidative stress, metabolic dysfunction, and genomic alterations in farm animals, posing a serious threat to livestock health and food safety (Nahiduzzaman et al., 2025).
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Fig. 1. Trends in the number of research publications related to microplastics and animals, based on data retrieved from the Web of Science database.
Interdisciplinary research in this field has the potential to drive the development of innovative strategies and technologies aimed at reducing plastic pollution and its harmful effects. Understanding the long-term consequences of microplastic (MP) exposure in animals is crucial for anticipating potential shifts in ecosystems and wildlife populations. Such insights can support effective conservation planning and adaptive environmental management.

The main objective of this review is to compile and critically assess the current scientific knowledge regarding animal exposure to MPs and the associated health outcomes. Through a detailed analysis of existing literature, this review seeks to: (1) consolidate present understanding, (2) evaluate health-related impacts, (3) identify interspecies variability, (4) investigate underlying toxicity mechanisms, (5) consider broader environmental and policy-related consequences, and (6) pinpoint areas in need of further research. This work aims to serve as a valuable reference for researchers, decision-makers, and environmental stakeholders focused on mitigating the effects of MPs on animals and ecological systems.

2. UPTAKE AND ACCUMULATION IN ANIMALS AND INFLUENCING FACTORS
Microplastics (MPs) can move through trophic levels, being transferred from prey to predators, and thereby potentially disrupting entire ecosystems (Lusher et al., 2013; Fig. 2). Numerous studies have documented the ingestion of MPs by a wide range of marine life, from microscopic zooplankton to top predators like sharks. For example, Rochman et al. (2015) reported that nearly 25% of fish sampled from a market in California had MPs in their stomachs. Similarly, Gunaalan et al. (2023) observed median concentrations of 1.7 × 10³ and 2.9 × 10³ MPs per individual in zooplankton and calanoid foraminifera samples, respectively, along with 3 × 10³ MPs per faecal pellet from the Kattegat/Skagerrak Sea in Denmark. In another study, MPs were detected in 52% of 123 samples collected from seven invertebrate species-including goose barnacles, giant barnacles, palmate oysters, nerite snails, chitons, pencil urchins, and sea cucumbers-along the coastal waters of the Galapagos Islands (Jones et al., 2021).
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Fig. 2. Movement of microplastics across trophic levels. Red dots indicate microplastic accumulation, which intensifies at higher trophic levels due to the consumption of contaminated prey.

Microplastics (MPs) have also been detected in the digestive tracts of 69% of 240 marine animal specimens-including cephalopods, crustaceans, and fish-collected from major market ports in four coastal provinces of Ecuador: El Oro, Santa Elena, Manabí, and Esmeraldas. The highest levels of MPs were observed in carnivorous species such as the giant squid (Dosidicus gigas), Alopias pelagicus, and Coryphaena hippurus (Alfaro-Núñez et al., 2021). In addition to marine organisms, various terrestrial animals-such as mollusks, rodents, birds, and mammals-have also been found to ingest MPs. Zheng et al. (2022) analysed gastrointestinal tracts of multiple wildlife species, including insects, snails, crustaceans, fish, snakes, birds, and voles from a village in South China, formerly an e-waste recycling hub, and reported MP concentrations ranging from 3.67 to 4180 particles per individual. Furthermore, MPs have been discovered in the feces of domesticated animals like pigs, chickens, and cows, as well as in the digestive systems of Arctic foxes (Hallanger et al., 2022), Flesh-footed Shearwaters (Charlton-Howard et al., 2023), and Antarctic penguins (Bessa et al., 2019). This widespread occurrence highlights that MP contamination pervades the entire food web. The uptake of MPs by different animal species is influenced by a variety of environmental and biological factors (Angelucci & Tomei, 2022; Fig. 3).
[image: ]














Fig. 3. Major factors affecting microplastic (MP) uptake in animals

Feeding strategies play a major role; for instance, filter feeders such as bivalves and certain plankton species are particularly susceptible as they actively draw in and process suspended particles from the water (Scherer et al., 2017). Similarly, predators are exposed by consuming prey that already contain MPs (Walkinshaw et al., 2020). The morphology and functionality of an organism’s digestive system can also determine its capacity to ingest and retain MPs-species with more efficient digestive tracts may excrete MPs more easily, whereas others may retain them for longer periods (Sun et al., 2019). Additionally, smaller organisms may unintentionally ingest MPs, mistaking them for natural food sources due to their limited ability to differentiate particles (Burns & Boxall, 2018). Age is another influencing factor, as younger animals may be more prone to ingesting MPs compared to adults (Wright et al., 2013). 
Environmental factors play a critical role in the uptake of microplastics (MPs) by different animal species. The concentration of MPs in a given habitat significantly influences the extent of exposure, as environments with higher contamination levels present a greater risk of ingestion (Li et al., 2021; Prata et al., 2020). Additionally, the physical characteristics of MPs-such as their size, shape, and type-affect their likelihood of being ingested. Smaller particles and microfibers are more easily consumed than larger fragments (Avio et al., 2020), and MPs that mimic the size or appearance of natural prey may be more readily taken up by animals. Seasonal variations in environmental conditions, including water temperature, flow, and food availability, can alter MP distribution and influence how organisms interact with them throughout the year (Kankılıç et al., 2023).
The life stage of an organism also plays a role in determining susceptibility; juveniles and animals in reproductive phases may be more vulnerable to the impacts of MP exposure. Some species may even possess physiological adaptations that help mitigate the effects of MP intake (Detree & Gallardo-Escarate, 2018). Geographical differences in pollution levels and habitat characteristics further contribute to the variability in MP exposure across species (Müller, 2021). The interplay among these various factors is often complex, making it difficult to fully predict patterns of MP uptake. As this area of study develops, researchers continue to investigate the multifaceted relationships between microplastics, animals, and their surrounding environments.

3. IMPACTS OF MICROPLASTICS ON ANIMAL HEALTH
Microplastic (MP) exposure in animals has been linked to numerous harmful health outcomes (Table 1). These effects can generally be grouped into three main categories: physical damage, physiological disruptions, and behavioural alterations (Fig. 4).

3.1 Physical effects
Microplastics (MPs) can lead to multiple forms of physical harm in animals, predominantly through ingestion, entanglement, and surface abrasion. Marine species-such as seabirds, turtles, and fish-are particularly vulnerable to becoming entangled in plastic debris, which can result in injuries like skin abrasions, limb loss, and, in severe cases, death by starvation or drowning (Hiemstra et al., 2021). This type of entanglement isn't limited to large organisms; even small aquatic animals like zooplankton can be affected, with their swimming and feeding capabilities impaired by plastic entrapment (Lehtiniemi et al., 2018). 

MPs also pose physical threats in terrestrial ecosystems. For example, springtails-soil-dwelling organisms vital for organic matter decomposition-construct biopores to move and breathe within the soil. Research by Kim & an (2019) revealed that MPs infiltrating these biopores reduced their formation, thereby decreasing springtail mobility by 23–35%. The physical impact of MPs is also closely related to their size; both ingestion and entanglement may occur simultaneously within a single organism. Lehtiniemi et al. (2018) found that mysids, a type of zooplankton about 1.5 cm long, became entangled in PET fragments from soft drink bottles (200–1500 µm) while also ingesting smaller plastic particles (100–200 µm), similar in size to their natural prey (approximately 150 µm).
Table 1. Microplastics and Their Multidimensional Impact on Animal Health
	Animals
	Microplastics
	Observed Effects
	Authors

	Damselfish
	PS (200–300 μm)
	Exhibited increased avoidance behaviors, reducing shelter-seeking, and heightened mortality
	(McCormick et al., 2020)

	Earthworms
	PS (100 nm, 1–100 μm)
	Detected coelomocyte DNA fragmentation
	(Xu et al., 2021)

	Female Wistar rats
	PS (500 nm)
	Triggered ovarian apoptosis via Wnt/β-Catenin pathway and oxidative stress
	(An et al., 2021)

	Flesh-footed Shearwaters
	–
	Displayed internal damage such as fibrosis and organ deformation; glandular reduction in the digestive tract
	(Rivers-Auty et al., 2023)

	Flesh-footed Shearwaters (Ardenna carneipes)
	–
	Observed scar tissue development and fibrosis
	(Charlton-Howard et al., 2023)

	Freshwater mollusc (Pomacea paludosa)
	PP (11.86–44.62 μm)
	Enzyme activity altered, hemostasis disrupted, and gastrointestinal damage noted
	(Jeyavani et al., 2022)

	Goldfish (Carassius auratus)
	PS (500 nm and 30 μm)
	Affected brain function and smell perception
	(Shi et al., 2021)

	Juvenile Goldfish
	PVC microbeads (0.100–1000 μm)
	Induced oxidative stress, downregulated growth-related hormones, and affected protein/gene expression
	(Romano et al.,2020)

	Lumbricus terrestris
	PE (<150 μm)
	Resulted in elevated death rates, reduced weight, and slower growth
	(Huerta Lwanga et al., 2016)

	Male Wistar rats
	PS (avg. 38.92 nm)
	Induced sperm abnormalities, gene changes, and testicular DNA damage
	(Amereh et al., 2020)

	Nephrops norvegicus
	PP fibers (0.2 mm)
	Altered metabolism, reduced body and lipid storage
	(Welden & Cowie., 2016)

	Oreochromis urolepis larvae
	PE (38–45 μm)
	Elevated enzyme levels related to oxidative stress
	(Mbugani et al., 2022)

	Coral (Pocillopora damicornis)
	PS (1.0 μm)
	Affected stress response pathways, detoxification, and immune defense
	(Tang et al., 2018)

	Sparus aurata
	LDPE pellets (100–500 μm)
	Altered lipid processing, no cell death, but changes in liver and brain enzyme activity
	(Rios-Fuster et al., 2021)

	Sparus aurata
	LDPE (200–1000 μm)
	Caused gut injury, inflammation, and cellular desquamation
	(Varo et al., 2021)

	Terrestrial snails (Achatina fulica)
	PET fibers (avg. 76.3 μm)
	Induced inflammation, damage to digestive lining, and oxidative stress
	(Song et al., 2019)

	Zebrafish (Danio rerio)
	PA, PE, PP, PVC (~70 μm)
	Showed marked reduction in intestinal villi and enterocyte disruption
	(Lei et al., 2016)

	Zebrafish (Danio rerio)
	PS (1 μm)
	Slight or no observable effects on offspring development
	(Qiang et al., 2020)

	Zebrafish (Danio rerio), Marine Medaka (Oryzias melastigma)
	PE and PP (median: 33.7 μm)
	Acute behavioral and developmental toxicity in offspring
	(Cormier et al., 2022)

	Zooplankton (Daphnia magna)
	Red fluorescent polymer microspheres (1–5 μm)
	Increased reproduction, oxidative stress, and altered population dynamics
	(Guilhermino et al., 2021)



Ingested MPs may accumulate in the digestive tract, interrupting the digestion process and limiting nutrient absorption. For instance, prolonged exposure (8 months) of the Norway lobster (Nephrops norvegicus) to polypropylene fibers resulted in retention of MPs in the gut due to the organism’s complex intestinal anatomy, leading to reduced food intake and weight loss (Welden & Cowie, 2016). Even species capable of metabolizing certain MPs, such as the earthworm Lumbricus terrestris, experience adverse effects at elevated MP levels. When exposed to 28% polyethylene MPs, these earthworms exhibited signs of inhibited growth, weight loss, and a mortality rate ranging from 8–25% (Huerta et al., 2016). 
Ingested microplastics (MPs) have been linked to a range of harmful effects on the digestive system of animals, including bleeding, epithelial detachment, necrosis, inflammation, and deformation of the intestinal villi (Lei et al., 2018; Song et al., 2019; Varo et al., 2021; Mbugani et al., 2022). Once inside the body, MPs can be absorbed through the gastrointestinal tract, enter the circulatory system, and accumulate in various tissues and organs. MPs smaller than 20 µm have the ability to infiltrate most organs, while those under 10 µm can even cross cellular membranes, potentially causing harm to both tissue and intracellular structures (Charlton-Howard et al., 2023). For example, exposure to polystyrene (PS) nanoplastics (25–50 nm) led to histological damage in the testicular tissue of Wistar rats (Amereh et al., 2020). The persistent cycle of tissue damage and repair triggered by MPs may promote excessive scar formation, eventually resulting in fibrotic changes where normal tissue is replaced by fibrous material (Rivers-Auty et al., 2023). It is important to note that while most studies utilize spherical, pristine MPs, real-world environmental MPs often have sharp or irregular shapes, which may inflict more severe physical injuries.

3.2 Physiological Effects
Microplastics (MPs) have been shown to cause various physiological disturbances in animals, including oxidative stress and disruption of the endocrine system (Amereh et al., 2020). These effects can significantly impact overall health and biological functions. MPs often serve as vectors for endocrine-disrupting chemicals (EDCs), such as bisphenol A (BPA) and phthalates (Segovia-Mendoza et al., 2020). Upon ingestion, these substances can leach from the MPs into the bloodstream and tissues of animals, potentially disturbing hormonal regulation (Ullah et al., 2023). Such endocrine disruption may negatively affect reproductive health, with documented cases showing alterations in reproductive organs, decreased fertility, and hormone imbalances in different aquatic organisms following exposure to EDC-laden MPs (Kumar et al., 2020). The impact is especially severe during early developmental stages, where exposure can result in abnormal development and lasting health implications (Solleiro-Villavicencio et al., 2020). Furthermore, hormonal interference may influence behaviour and other physiological functions (Waye & Trudeau, 2011). Notable examples include changes in feeding habits, metabolism, and stress responses in species subjected to endocrine-active MPs.
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Fig. 4. Various observed health impacts of microplastics on animal species.
Microplastics (MPs) can initiate oxidative stress in animals upon ingestion by promoting the formation of reactive oxygen species (ROS) within tissues (An et al., 2021). These ROS are chemically reactive molecules capable of inflicting damage on essential cellular structures, including DNA, proteins, and lipids. Although organisms possess antioxidant systems to mitigate oxidative stress, prolonged exposure to MPs may surpass these protective mechanisms, resulting in cellular oxidative damage (Romano et al., 2020). This stress can impair cellular functionality, damage tissues, and elevate vulnerability to diseases in animals (Sun et al., 2021). Within aquatic environments, such oxidative stress has been linked to reduced growth rates, survival, and overall physiological fitness among impacted species (Birnie-Gauvin et al., 2017). For example, the accumulation of polypropylene-based MPs in Pomacea paludosa led to imbalanced redox states, elevated ROS levels, and significant alterations in antioxidant enzyme activity (Jeyavani et al., 2022). Additionally, excessive ROS triggered by MPs have been shown to cause varying levels of DNA damage in earthworms (Xu et al., 2021), further emphasizing the toxic potential of MPs (Song et al., 2019).
Long-term exposure to MPs and their associated environmental stressors can compromise the immune system of animals (Detree & Gallardo-Escarate, 2018). This immunosuppression increases susceptibility to diseases and infections, particularly when compounded by other environmental stressors such as pollutants or pathogenic organisms (Tang et al., 2018). Over time, MPs may accumulate in animal tissues, raising the internal burden of endocrine-disrupting chemicals (EDCs) and oxidative agents. Within trophic chains, MPs and their adsorbed contaminants are subject to biomagnification, meaning that organisms at higher trophic levels may exhibit increased concentrations of MPs and associated toxicants (Huang et al., 2021). This biomagnification can intensify physiological disturbances in apex predators.
3.3 Behavioural Effects
Exposure to microplastics (MPs) can significantly influence animal behaviour and disrupt ecological interactions, posing risks not only to individual species but also to entire ecosystems. In aquatic habitats, MPs are often misidentified as food by filter feeders and organisms that consume suspended particles (Elgarahy et al., 2021). This misidentification can alter feeding behaviours, leading animals to ingest non-nutritive or even harmful particles, ultimately shifting food preferences. Such ingestion can reduce foraging efficiency, as animals may feel satiated without receiving any nutritional benefit (Zantis et al., 2022), potentially resulting in malnutrition and hindered growth. In migratory species, especially marine animals, encounters with MPs can disrupt natural migration patterns. As MPs accumulate in certain habitats, they may interfere with regular migratory routes or encourage animals to remain in contaminated zones (Avio et al., 2017). Additionally, MPs can impair the sensory systems of aquatic species like fish by disrupting their ability to detect important chemical signals (Shi et al., 2021), which may lead to disorientation and difficulty in navigation.
Terrestrial and soil-dwelling organisms are not exempt from behavioural alterations due to MP contamination. Species such as earthworms, springtails, and burrowing mammals have shown changes in typical behaviours like burrowing or nesting when exposed to MPs in soil environments (Kim & an, 2019; Rillig et al., 2017; Büks et al., 2020). These behavioural disruptions highlight the far-reaching impacts of MPs beyond physiological harm, emphasizing their ecological consequences. Microplastic (MP) exposure has been shown to interfere with reproductive behaviours and overall reproductive success across a variety of species (Cormier et al., 2022). MPs containing endocrine-disrupting compounds can alter mating behaviours and may even result in abnormalities in reproductive organs. In species that exhibit parental care, MPs can negatively influence parenting behaviours, ultimately compromising offspring development and survival rates (Qiang et al., 2020). Furthermore, behavioural changes induced by MPs can disrupt social structures, including hierarchies and interactions, affecting group dynamics and cohesion (McCormick et al., 2020).
Stress responses triggered by MP exposure may modify aggression levels in animals, influencing territorial behaviour and social interactions (Rios-Fuster et al., 2021). In predator-prey systems, MP ingestion can disrupt natural relationships. Predators consuming contaminated prey may experience bioaccumulation of MPs and associated toxins, propagating these contaminants through the food web (Zhu et al., 2018). Additionally, prey animals affected by MPs may become more susceptible to predation due to behavioural changes or diminished physical condition (da Costa Araújo & Malafaia, 2021). MPs can also exert selective pressures within ecosystems, favouring species that are more capable of avoiding or tolerating MP ingestion. This may grant these species a competitive edge over others less adapted to such environmental stressors (Scherer et al., 2017). Over time, such pressures can lead to shifts in species composition (Wan et al., 2023). Disruptions in predator-prey dynamics and community structure may trigger trophic cascades that interfere with essential ecosystem functions such as nutrient cycling and primary productivity (Finke & Denno, 2005). Ultimately, the behavioural and ecological consequences of MP exposure may contribute to declines in population numbers, particularly in species that are sensitive or highly specialized (Guilhermino et al., 2021).
4. MECHANISMS OF MP TOXICITY
4.1 Physical Mechanisms
The physical characteristics of microplastics (MPs) significantly influence their toxic potential toward both aquatic and terrestrial organisms. These features determine how MPs are ingested, how they interact with biological tissues, and the types of harm they may cause. MPs in the nanometer to micrometer size range are particularly concerning, as they are easily consumed by various organisms such as grazers and filter feeders due to their resemblance to natural food particles (Wright et al., 2013). Their small size also means a higher surface area-to-volume ratio, which enhances their ability to adsorb and carry chemical contaminants from the surrounding environment (Liu et al., 2022). Upon ingestion, these MPs can release the absorbed pollutants, which may lead to toxic effects in the host organism.
Irregularly shaped MPs or those with sharp edges can physically damage tissues during ingestion, causing injury or inflammation, especially when accumulated in the digestive system (Pirsaheb et al., 2020). The density of MPs affects their distribution in aquatic environments: low-density MPs tend to float, making them accessible to surface feeders and birds (Zhang, 2017), whereas high-density MPs may settle into sediments, potentially threatening benthic organisms and bottom-dwellers (Corcoran, 2015). Sediment-buried MPs can persist for long durations, contributing to chronic exposure risks due to their environmental stability and resistance to degradation.
Physical weathering of MPs further fragments them into even smaller particles, increasing their reactivity and surface area, thereby potentially enhancing their toxicity (Duan et al., 2021). The surface charge of MPs also plays a key role in their interaction with both environmental particles and biological tissues. Charged MPs-either positive or negative-may interact uniquely depending on their electrostatic properties (Qiu et al., 2022). Their generally hydrophobic nature leads them to associate with organic matter and lipids, making them more prone to ingestion by aquatic organisms (Huang et al., 2021).
In environmental settings, MPs can aggregate to form larger clumps, which may increase the risk of uptake by organisms capable of filtering or engulfing bigger particles. Additionally, MPs can become coated with biofilms consisting of microorganisms and organic debris. These biofilms may alter the surface chemistry of MPs, influencing how they interact with organisms and potentially modifying their toxicological behaviour (Wang et al., 2021).
4.2 Chemical Mechanisms
Microplastics (MPs) engage in intricate chemical interactions with organisms, often involving the exchange of substances between the MPs and the tissues or bodily systems of the organisms they encounter. These interactions can impact both the chemical nature of the MPs and the health of the organisms. MPs have the capacity to adsorb a wide array of environmental contaminants from surrounding media such as water and sediments (Mammo et al., 2020). These pollutants may include organic compounds, heavy metals, and other hazardous substances.
Upon ingestion by animals, the adsorbed pollutants on the MPs can desorb, or detach, within the gastrointestinal tract (Siri et al., 2021). This desorption process increases the bioavailability of these toxic substances, allowing them to be absorbed into the organism's tissues. Moreover, MPs themselves can act as a direct source of harmful chemicals. During breakdown or digestion, they can release plastic-associated compounds such as plasticizers, flame retardants, and monomers-basic components of plastic polymers (Teuten et al., 2009). These leached substances can be absorbed by tissues and may exert toxic effects. Some of these leached compounds are recognized or suspected to be endocrine-disrupting chemicals (EDCs), capable of interfering with the hormonal systems of animals. Such interference may result in a range of physiological disruptions, highlighting the chemical toxicity risks associated with MP ingestion.
4.3 Inflammatory Responses
Microplastics (MPs) can trigger inflammatory responses in animals when their immune systems identify these particles as foreign intrusions. Such immune reactions can negatively affect the health and overall functioning of the organism. Upon ingestion or direct interaction with immune cells-particularly macrophages-MPs are recognized as foreign bodies. Macrophages are immune cells specialized in engulfing and eliminating external substances, including pathogens and particulate matter like MPs. In the presence of MPs, macrophages and other immune cells may secrete signaling molecules known as cytokines (Kwon et al., 2022). These include pro-inflammatory cytokines such as interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α), which facilitate the recruitment of additional immune cells to the site of exposure (Li et al., 2020). This immune cell accumulation initiates an inflammatory cascade-a defense mechanism designed to counter perceived threats (Turner et al., 2014).
Typical signs of inflammation include swelling, redness, and localized heat in tissues, resulting from increased blood flow and permeability of blood vessels that allow immune cells to access the affected areas (Najafi et al., 2018). Inflammation may also result in pain or discomfort, often caused by the release of prostaglandins that sensitize nerve endings (Omoigui, 2007). Chronic or prolonged MP exposure and sustained inflammation can weaken the immune system over time. Persistent inflammation is associated with impaired immune responses, increasing the vulnerability of organisms to infections and disease (Baral et al., 2019). It can also redirect immune resources away from other vital physiological functions, compromising the organism’s overall resilience.
In a study by Luo et al. (2022), administration of polystyrene microplastics (PS-MPs) in mice showed minimal effects on gut and liver in normal conditions. However, in colitic mice, higher PS-MPs exposure led to shortened colon length, worsened tissue damage and inflammation, decreased mucus production, and increased intestinal permeability. Additionally, the exposure heightened the risk of secondary liver damage due to the infiltration of inflammatory cells. In certain instances, exposure to microplastics (MPs) and the resulting inflammation can stimulate the adaptive arm of the immune system (Detree & Gallardo-Escarate, 2018). This response includes the activation of T cells and the generation of antibodies, providing a more specific and targeted immune defense. Although uncommon, prolonged exposure to MPs may lead to sensitization or allergic reactions in some individuals and animal species, particularly when certain types of MPs or their additives provoke immune hypersensitivity (Sun et al., 2021).
These immune responses-especially inflammation-can intensify the toxic effects of MPs, particularly when occurring alongside other harmful mechanisms such as chemical leaching or oxidative stress (Pirsaheb et al., 2020). The extent to which inflammation impacts different organisms varies; some species exhibit greater tolerance and can manage the inflammatory response effectively, while others may suffer more severe health consequences. Ongoing research continues to explore how MPs trigger inflammatory responses in a wide range of organisms, aiming to clarify the underlying biological mechanisms and the broader ecological and health implications of MP exposure (Sharifinia et al., 2020).
5. INTERSPECIES DIFFERENCES IN SUSCEPTIBILITY AND RESPONSES
5.1 Marine Life
Marine species are continually exposed to microplastics (MPs) through aquatic environments, with individual responses varying based on habitat types and feeding behaviours (Wright et al., 2013). Filter-feeding invertebrates that employ non-selective feeding mechanisms-drawing in large volumes of seawater-are particularly vulnerable to MP ingestion or adsorption. For example, sponges (Phylum Porifera), which filter large quantities of water, have been found to accumulate higher MP levels than other invertebrates and fish (Krikech et al., 2023).
Marine vertebrates that rely on visual cues for locating prey-such as marine mammals, seabirds, sea turtles, and fish-also demonstrate a high susceptibility to MP ingestion (Rochman et al., 2015; Alfaro-Núñez et al., 2021; Charlton-Howard et al., 2023). In contrast, selective feeders like planktonic copepods show reduced ingestion of MPs. A study by Rodríguez Torres et al. (2023) found that copepods consumed MPs at rates 2 to 10 times lower than algae, suggesting a lower global risk of MP exposure for these organisms. Among large marine animals, whales primarily consume MPs through trophic transfer, with approximately 99% of their MP intake occurring via consumption of contaminated prey. MP ingestion levels vary among whale species based on their dietary preferences-krill-feeding whales tend to ingest more MPs due to higher water filtration rates and food intake, whereas fish-eating whales consume fewer MPs (Kahane-Rapport et al., 2022). According to Burkhardt-Holm and N'Guyen (2019), whales feeding predominantly on copepods-which contain lower levels of MPs-are at less risk of MP exposure than those consuming fish.
Intraspecific differences in MP exposure also occur due to feeding behaviour changes throughout different life stages. Cavarry et al. (2022) highlighted that juvenile Northern Anchovy (Engraulis mordax), which feed on zooplankton within the same size range as MPs (0.287–5 mm), are more susceptible to MP ingestion than adults, whose feeding strategies differ. Further, Yu et al. (2020) reported that organisms such as Daphnia and copepods are highly sensitive to MPs, with adverse impacts on feeding rates and reproduction. In contrast, other marine species like mollusks and barnacles display greater tolerance, indicating a broad but varied physiological response across aquatic taxa.
Interestingly, studies on algae suggest that MPs may even interact with other environmental contaminants. For instance, Jin et al. (2022) found that MPs can reduce the toxicity of substances like nonylphenol, demonstrating that MPs may have complex effects in aquatic ecosystems.
5.2 Terrestrial Wildlife
Microplastic (MP) contamination can have diverse and far-reaching impacts on terrestrial animals and their ecosystems. Terrestrial species-including mammals, birds, insects, and soil-dwelling organisms-can ingest MPs through various pathways, often by consuming contaminated food sources such as prey, plants, or detritus (Büks et al., 2020). For example, Wu et al. (2021) reported the presence of 18 MP fibers and fragments in animal feed samples collected from 19 farms across China. Similarly, MPs found in the intestines and gizzards of chickens sold in wet markets in the Philippines were traced back to contaminated feed (Leon et al., 2022). Additionally, expired packaged foods containing plastic residues may serve as another significant source of MP exposure for animals (Cornelis et al., 2021; Chang et al., 2022).
MPs can enter the terrestrial food web through primary consumers like insects, which can pass MPs up the trophic chain to predators such as birds and mammals (Wong et al., 2020). These particles can adsorb hazardous substances including pesticides and heavy metals, thus serving as vectors that introduce chemical pollutants into animal bodies. The accumulation of MPs in soil ecosystems can further disrupt ecological balance by altering microbial communities, interfering with nutrient cycling, and impairing plant growth (He et al., 2018). Soil fauna, such as earthworms and microorganisms-essential contributors to decomposition and soil health-are especially vulnerable to MPs, which may hinder their ecological roles.
Evidence also suggests that MP exposure in terrestrial wildlife can negatively affect reproduction and cause developmental anomalies (Xie et al., 2020). Over time, the cumulative effects of MP pollution may contribute to declines in certain wildlife populations. Furthermore, the accumulation of MPs in terrestrial habitats can alter the physical and chemical properties of soils, ultimately affecting key ecosystem services such as nutrient cycling, water purification, and carbon sequestration (Sridharan et al., 2021).
5.3 Human Health
Microplastics (MPs) have been detected in several human biological systems, including feces, blood, lungs, placenta, and the colon, with the main pathways of exposure being ingestion and inhalation (Liu et al., 2023; Bostan et al., 2023). Due to the widespread presence of MPs in both terrestrial and aquatic environments, growing concern has emerged regarding their potential health impacts on humans, who sit at the top of the food chain (Enyoh et al., 2020). MPs are found throughout the food web-from aquatic species such as fish and shellfish to land animals like birds and livestock-posing significant exposure risks to humans. Seafood remains a major source of MP ingestion in humans, owing to bioaccumulation in marine organisms (Smith et al., 2018). Furthermore, consumption of meat and dairy products may also contribute to MP exposure, as livestock can ingest MPs via contaminated feed and water (Hallanger et al., 2022; Leon et al., 2022 ).
Beyond food sources, MPs can enter the human body through other everyday exposures. These include packaged foods, cooking utensils, beverages, fruits, vegetables, and even plastic toys, all of which may serve as direct or indirect routes for MP ingestion or inhalation (Bostan et al., 2023). MP exposure is associated with various toxic effects in both humans and animals. These effects include oxidative stress, inflammation, cellular damage, and disturbances in metabolic pathways (Li et al., 2020; Deng et al., 2020). Although physical damage-such as irritation or abrasion of the gastrointestinal lining-may result from MP ingestion, this is generally seen as less significant compared to more complex biochemical impacts (Jovanovic, 2017).
While humans and animals share many risks associated with MP exposure, the health outcomes and underlying toxicological mechanisms can differ. These differences are largely influenced by variations in exposure routes, metabolic functions, immune responses, and elimination pathways. In humans, MPs may translocate from entry points such as the digestive tract or respiratory system to other tissues and organs. In contrast, animal studies often demonstrate more localized and tissue-specific effects following MP exposure (Matthews et al., 2021).
6. PROSPECTS FOR FURTHER RESEARCH
Future research on microplastics (MPs) must address several critical knowledge gaps to better understand their environmental and health impacts. One priority is examining species-specific responses to MP exposure, particularly in terrestrial organisms, which remain underrepresented in current studies. The mechanisms of MP uptake, accumulation, and distribution-especially in land-dwelling animals-require further exploration.
Another key area involves understanding MP transfer through the soil–plant–animal continuum and the role of soil organisms, such as microfauna, in influencing this pathway. Research should also shift from individual species to ecosystem-level studies, including impacts on predator-prey dynamics. More attention is needed on the chemical behavior of MPs, particularly how they release harmful contaminants like antibiotics, heavy metals, and flame retardants. Most studies focus on short-term effects, while long-term consequences and adaptive responses are still unclear. With advancements in submicron-scale detection and automated imaging techniques, researchers can now gain deeper insight into MPs’ physical and chemical properties and their ecological effects. Keeping pace with these tools is essential for reliable data.
Finally, promoting interdisciplinary collaboration and developing robust risk assessment frameworks are vital to addressing the diverse impacts of MPs on ecosystems, animal health, and environmental quality.

7. CONCLUSION

This review emphasizes the complex and wide-ranging effects of microplastic (MP) exposure on animal health across both aquatic and terrestrial ecosystems. MP ingestion varies among species based on feeding habits, physiology, and environment, leading to diverse outcomes such as physical damage, chemical toxicity, inflammation, and behavioural changes. MPs also act as carriers for harmful pollutants, potentially disrupting ecosystems and biodiversity.
The findings stress the urgent need for interdisciplinary research and effective policy to address plastic pollution. Understanding the health impacts on wildlife is key to forming regulations and managing environmental risks. Additionally, because MPs can enter the human food chain, further research on long-term exposure and its consequences is critical. A comprehensive and collaborative approach is essential for safeguarding ecosystems, animal health, and human well-being in the face of rising MP pollution.
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