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   Abstract:

Microplastics (MPs), plastic particles smaller than 5 mm, generated due to mismanagement and indiscriminate use of plastics over the past four decades, present a serious threat to ecosystems worldwide. Microplastics are ubiquitous and have been detected in all environmental compartments, including soil, air, groundwater, surface water, and oceans. They have also been identified in seafood (fish and shellfish), vegetables, poultry, terrestrial animals, mammals, and humans. Human exposure to microplastics occurs through ingestion of contaminated food and drinking water, inhalation of microplastic-laden air, and dermal absorption via contaminated water, cosmetics, and personal care products (PCPs). Soil contamination by microplastics primarily arises from the application of sewage sludge and bio-waste compost, plastic mulching, wastewater irrigation, landfill leachate, and atmospheric deposition. The presence of microplastics in soil has adverse effects on soil organic matter and bulk density, alters microbial and bacterial activity, and impairs water and nutrient uptake by plants, thereby retarding plant growth and reducing crop productivity. In plants, microplastic accumulation disrupts metabolic processes and negatively affects photosynthesis by reducing chlorophyll content. Microplastic particles have been detected in various tissues of aquatic and terrestrial animals, including fish, seafood, birds, invertebrates, and mammals. Their accumulation induces behavioral changes, oxidative stress, inflammation, and adverse effects on reproductive and endocrine systems. In humans, bioaccumulation of microplastics is associated with gastrointestinal disturbances, respiratory disorders (including lung cancer), and dermal allergies, neurological disorders such as Parkinson’s disease, Alzheimer’s disease, and dementia, cardiovascular complications, and impaired reproductive health.	Comment by Dell: harms	Comment by Dell: by decreasing the amount of chlorophyll present.	Comment by Dell: When discussing soil and plant effects, adding 1–2 lines on how microplastics interfere with nutrient uptake.
The review highlights the detrimental effects of microplastics on crop growth, aquatic organisms, terrestrial animals, and human health, emphasizing the urgent need for effective mitigation and management strategies.
(Keywords: Microplastics, Plants, Animals, Environment, Diseases, HumanHealth)	Comment by Dell: After the first few mentions, use terms like “these particles” or “MPs” consistently to improve readability.

Introduction:
Owing to their durability, lightweight nature, corrosion resistance, cost-effectiveness, and high tensile strength, living in the present era without plastics is virtually unthinkable. Plastics are used to manufacture products ranging from aircraft components to everyday household items such as buckets. Beyond packaging, plastics play a crucial role in various industries including construction and building materials, electronics and electrical goods, agriculture, the automotive sector, furniture, sports equipment, household appliances, and healthcare applications.	Comment by Dell: it is nearly inconceivable to imagine life in the current age without plastics.
Global plastic production, which was approximately 1.7 million tonnes about 70 years ago, is expected to increase to nearly 460 million tonnes in 2024 and is expected to exceed 500 million tonnes by the end of 2025. The global plastic market was valued at USD 651.15 billion in 2024 and is projected to reach USD 980.86 billion by 2034 (Precedence Research, 2024). It is estimated that more than one million plastic bottles are produced every minute worldwide; however, only about 22% are recycled. Research further indicates that globally, only around 10% of plastic waste is recycled, while approximately 22% is mismanaged.Improper disposal, inadequate waste management practices, littering, fishing activities, tourism, and uncontrolled dumping are major contributors to plastic pollution in both terrestrial and aquatic environments (Ghaffari et al., 2025; Gholizadeh et al., 2024). Plastic particles or fragments smaller than 5 mm are termed microplastics. Literature reports (Aves et al., 2022; Bergmann et al., 2022) indicate that microplastics are omnipresent, occurring not only in residential areas and oceans but also in remote and pristine environments such as Antarctica, the Arctic, Mount Everest, and the Mariana Trench.	Comment by Dell: Significant factor leading 
Microplastic particles have been detected in the tissues of aquatic and terrestrial animals and in various human biological samples, including the placenta, lungs, liver, blood, breast milk, and urine. The bioaccumulation of microplastics induces oxidative stress, suppresses immune responses, causes gastrointestinal dysfunction, negatively affects reproductive health, and leads to DNA damage in humans and animals. In humans, microplastic exposure has also been associated with neurotoxicity and cardiovascular disorders such as hypertension, atherosclerosis, endothelial dysfunction, and cardiometabolic impairment (Xie et al., 2025; Das, 2023).	Comment by Dell: discovered
The review aims to present recent findings on the impacts of microplastics on plants and crop produce, as well as on the health of animals and humans.
Classification of Microplastic
Based on their source, microplastics present in the natural environment can be broadly classified into two categories:
(i)Primary Microplastics:
Primary microplastics are small plastic particles that are originally manufactured in micro-sized forms or are produced as by-products during industrial manufacturing processes. These particles enter the environment through domestic and industrial effluents, sewage discharge, accidental spills, and other release pathways. Examples include microbeads used in cosmetics and personal care products, airborne microplastics originating from textile industries, and other industrial abrasives, and plastic pellets, films, and fragments (Zhang et al., 2025).	Comment by Dell: either	Comment by Dell: generated
(ii) Secondary Microplastics:
Secondary microplastic particles are formed through the degradation and fragmentation of larger plastic items such as bags, bottles, wrapping materials, discarded tyres, clothing, disposable products, and electronic waste (Schmid et al., 2021). This degradation occurs via various physical, chemical, and biological processes, including mechanical forces (e.g., wave action and abrasion), photo-oxidation, thermal degradation, thermo-oxidation, hydrolysis, biodegradation, mechanical transformation, and exposure to ultraviolet (UV) radiation from sunlight (Abbas et al., 2025). Paddisson (2025) reported that climate change accelerates plastic degradation, with a temperature increase of 10°C doubling the rate of plastic breakdown. Wastewater discharged from washing machines is another significant source of secondary microplastics. Globally, the majority of microplastic particles found in the environment are secondary.	Comment by Dell: stated	Comment by Dell: considerable
	Personal care products: Microbeads are used in face wash, facial scrubbers, shower gel, toothpaste, shaving cream, nail polish, sunscreen, deodorant, mascara, and hair colour and make-up foundation.


	Textile industry and washing clothes: About 100 milliontonnes of synthetic fibre were produced in 2025. 100-324 mg of microfiber/ kg of washed fabric, i.e.,490,000 to 1,600,000 microfibres/kg of fabric,enters the environment


	Transportation and road mobility:  Estimates suggest that tyre abrasion, brake wear, and road surface degradation together contribute approximately 30–50% of total environmental microplastic emissions; Tyreabrasion producesMore than 6 million particles per annum.


	Plastic manufacturing Industry: Plastic Pellets used in the plastic industry splits in transport, processing, and recycling.





Major sources of microplastics in the environment 

	City Dust: City dust      produced due to the abrasion of infrastructure contains about 4% microplastic. 



	Sewage and wastewater treatment plants & the Fishing industry


	Other Sources:
Agriculture sector
  Marine Coating







Fig 1-Primary contributors of microplasticsin the environment 
Most commonly used plastic polymers:
The most commonly used plastic polymers include polyester (PES), polyethylene (PE), polyethylene terephthalate (PET), polypropylene (PP), polystyrene (PS), polyvinyl chloride (PVC), nylon (polyamide, PA), polyacrylonitrile (PAN), polyvinyl alcohol (PVA), polyurethane (PUR), high-density polyethylene (HDPE), polymethyl methacrylate (PMMA), acrylonitrile-butadiene-styrene (ABS), polycarbonate (PC), polyethersulfone (PES), polyvinyl acetate, styrene-butadiene rubber (SBR), low-density polyethylene (LDPE), cellophane (CP), and polytetrafluoroethylene (PTFE, Teflon).
Exposure pathways of microplastics to humans, animals and other aquatic organisms:
Oral intake: 
Microplastics are widely present in food and beverages, including vegetables, fruits, drinking water (both tap and bottled), milk, tea bags, seafood (fish, crabs, and shellfish), honey, sugar, salt, toothpaste, and other consumables. Ingestion of these contaminated materials leads to the entry of microplastic particles into the gastrointestinal tract (Kwon et al., 2020). Studies have reported that approximately 39,000–52,000 microplastic particles enter the human body annually through the gastrointestinal route, whereas bottle-fed infants may ingest up to 660,000 microplastic particles per year via oral intake (Nawab et al., 2024; Li et al., 2023). Senathirajah et al. (2021) estimated that the average global human oral consumption of microplastics ranges from 0.1 to 5 g per week. In addition, microplastic ingestion can occur through hand-to-mouth contact and the use of personal care products (PCPs).	Comment by Dell: The consumption 
Dermal exposure: 
Although the skin functions as a protective barrier against external agents, it is permeable to microplastic particles under certain conditions. Microplastics are commonly present in cosmetics, facial soaps, body scrubs. In addition, microplastic particles are widely detected in both indoor and outdoor air. When contaminated surfaces are touched, these particles can adhere to the skin and potentially penetrate the body (Li et al., 2023). Dermal exposure to microplastics may also occur during bathing and washing with contaminated water (Winiarska et al., 2024). In fish and other aquatic organisms, microplastic and nanoplastic particles can enter the body through the gills.	Comment by Dell: Skin exposure to microplastics might also occur when bathing and washing with contaminated water.
Inhalation: 
Both indoor and outdoor environments contain significant quantities of airborne microplastic particles originating from synthetic textiles, urban dust, ambient air, and occupational dust fumes (Li et al., 2023). Humans and other organisms inhale these particles during respiration. Research indicates that inhalation accounts for approximately 50% of the total daily human microplastic intake worldwide (Nawab et al., 2024).
Impact of microplastic on Plants:

Before 2000, the oceans were considered the ultimate sink for microplastics. However, following the report by Rillig, it became evident that the terrestrial environment is the primary recipient of plastic pollution. In terrestrial ecosystems, major sources of microplastics include the application of sewage sludge, fertilizers, irrigation water, plastic mulching, flooding events, and improper dumping of waste (Lim, 2022). Environmental scientists have revealed that microplastics cycle between ecosystems, moving from terrestrial to aquatic environments and vice versa (Zantis et al., 2023). Soil acts as a major natural sink for microplastics, with accumulation levels reported to be 4–23 times higher than those in aquatic environments (Kallon et al., 2025). Qi et al. (2023) further reported that soils can act as carriers, facilitating the transport of microplastics to groundwater and ultimately to oceans. Because soil has a limited capacity to sorb microplastics and their mobility within soil matrices is restricted, microplastics that enter soils tend to persist for extended periods. This persistence disrupts soil functioning and biodiversity and enables the entry of microplastics into the food chain via plants (Xu et al., 2025; Kumar et al., 2020). Several studies have quantified microplastic contamination in soils. Concentrations of up to 165,000 microplastic particles per kilogram of soil have been reported, while Sajjad et al. (2022) detected as much as 675 mg of microplastics per kilogram of soil in Pakistan. The presence of microplastics in soil has been shown to reduce soil organic matter and bulk density, and alter soil microbial and bacterial activity (Aralappanavar et al., 2024; Shafea et al., 2023). Microplastics present in soil inhibit the uptake of water and nutrients by plants, as these particles can adhere to crop seeds and root surfaces or accumulate within the vascular system. Such interactions negatively affect plant growth and crop productivity by disrupting metabolic activities, primarily through oxidative stress induced bymicroplastic exposure. In addition, chlorophyll content and photosynthetic efficiency are adversely affected in plants grown in microplastic-contaminated soils. Microplastics can clog the pores of seed coats, thereby reducing water uptake and seed germination rate (Jia et al. 2023;Zhang et al., 2021). Guo et al. (2022) reported that polystyrene microplastics significantly reduced seed germination in three herbaceous ornamental plants. Microplastic particles have also been observed to accumulate in the intercellular spaces of root tissues (Meng et al., 2021), where they block root pores and inhibit water and nutrient uptake. This results in reduced root growth, root activity, and overall biomass production (Wang et al., 2024). Wang et al. (2022) demonstrated that polystyrene microplastics decrease root biomass in maize, while Urbina et al. (2020) reported that polyester microplastics retard nutrient uptake and plant growth.Accumulation of microplastics in plants adversely affects shoot length, leaf number, and both shoot and leaf biomass (Liu et al., 2021). Polypropylene and low-density polyethylene microplastics have been shown to reduce root mass and aboveground biomass in carrot plants (Lozano et al., 2021). Several studies (Dong et al., 2022) have demonstrated that microplastic stress significantly reduces plant yield by altering the growth and developmental processes.	Comment by Dell: interferes
Microplastic exposure also impairs photosynthesis, a critical process for plant energy production and growth, primarily by reducing chlorophyll content. Lian et al. (2021) reported that polystyrene microplastics reduced chlorophyll a and chlorophyll b contents by 12.5% and 9.1%, respectively. Numerous studies (Chia et al., 2022) have shown that microplastic-induced stress caused by polymers such as PAN, PE, and PS not only decreases chlorophyll a and b levels but also reduces shoot height, shoot dry weight, and leaf area in several crops and vegetables. Tang et al. (2022) suggested that reduced photosynthetic efficiency in the presence of microplastics may result from oxidative stress due to elevated reactive oxygen species (ROS) production. Increased ROS levels enhance chlorophyllase activity, promote phytol formation from chlorophyll, and alter the expression of genes related to photosynthesis. In addition, microplastic particles in plants have been reported to interfere with hormonal regulation, further influencing plant growth and development.	Comment by Dell: adversely affects
Impact of Microplastic on Animals
Literature surveys indicate the widespread presence of microplastics in a broad range of animal taxa, including aquatic organisms (fish, seafood,and turtles), birds, invertebrates, and mammals (Abd El-Hack et al., 2025; Al Nahian et al., 2023). The concentration of microplastics in seafood has been reported to range from 0.04 to 0.47 particles g⁻¹ (Dzierzynski et al., 2024). Li et al. (2023) estimated daily microplastic intake in domestic cats and dogs to be between 2 and 40 ng kg⁻¹ day⁻¹, while Hu et al. (2024) reported a concentration of 122.3 mg g⁻¹ of microplastics in dogs. Liu et al. (2022) detected 10–16 microplastic particles per egg in poultry, whereas Li et al. (2023) reported 180 particles g⁻¹ in pig intestines and 12 particles g⁻¹ in pig lungs. Recently, Bahrani et al. (2024) documented 0.14 items g⁻¹ in cows and 0.13 particles g⁻¹ in sheep fed. Microplastics have also been detected in aquatic flora and fauna (Holerova et al., 2021).
The accumulation of microplastics in animal bodies adversely affects gut microbial composition and digestive function and induces inflammation, oxidative stress, endocrine disruption, and reproductive impairments (Khan et al., 2024). Microplastic-induced oxidative stress can damage DNA, lipids, and proteins, leading to cellular dysfunction. In marine ecosystems, microplastic particles cause physical injuries such as abrasions, entanglement, and limb loss in turtles, seabirds, and fish (Jeong et al., 2024). Ingested microplastics also damage the digestive tract of marine animals, resulting in bleeding, necrosis, epithelial detachment, villus deformation, and inflammation (Mbgani et al., 2022).	Comment by Dell: functionality, which triggers
Experimental studies have demonstrated that microplastic accumulation in zebrafish alters their swimming behavior, growth, reproduction, and offspring development (Cormier et al., 2022). Romano et al. (2020) and Shi et al. (2021) reported oxidative damage in the liver and brain of goldfish, along with impaired hormonal secretion and disrupted olfactory neural signal transduction. In freshwater molluscs, microplastic exposure caused oxidative stress, haemostasis disruption, digestive gland cell damage, and abnormal enzymatic activity (Jeyavani et al., 2022). Fibrosis, kidney and spleen damage, reduction in tubular glands, and other tissue injuries have been reported in flesh-footed shearwaters due to microplastic accumulation (Charlton-Howard et al., 2023).Xu et al. (2024) observed severe DNA damage and oxidative stress in earthworms exposed to microplastics. Similarly, microplastic exposure retarded somatic growth, reproduction, and population growth rates in the zooplankton Daphnia magna (Guilhermino et al., 2021). Studies on mice revealed increased inflammation, reduced sperm count, decreased enzymatic activity, hemotoxicity, gene alterations, elevated blood glucose and lipid levels, and metabolic disorders following microplastic exposure (Okamura et al., 2023; Liu et al., 2022). Yan et al. (2024) reported gut damage, reduced ovary size, impaired egg-laying capacity, and gene alterations in the common fruit flies.In poultry, microplastic accumulation has been shown to cause liver damage, tissue necrosis, gut microbiota imbalance, neurotoxicity, and impaired growth (Chen et al., 2023; Zou et al., 2023). Sheriff et al. (2023) reported that microplastic ingestion in birds leads to gastrointestinal obstruction and damage to the intestinal vascular barrier. Additionally, intestinal tract damage and bacterial infections associated with microplastic uptake were reported in camels (Eriksen et al., 2021).	Comment by Dell: adversely affected	Comment by Dell: Furthermore, it has been observed in camels that intestinal tract damage and bacterial infections are associated with microplastic uptake.
Fig 2-Effects of microplastic accumulation on animal health
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 Impact of Microplastic on Humans
Humans areprimarily exposed to microplastic particles through the digestive tract, respiratory system, and skin. These particles enter the human body via endocytosis and persorption mechanisms (Kor&Mehdinia, 2020). Global estimates indicate that an average human consumes approximately 250 g of microplastics annually, equivalent to nearly 100,000 particles per year. The highest per capita plastic consumption is reported in the United States (≈140 kg/year). It is also estimated that in the USA alone,approximately 500 million plastic drinking straws are used daily. In contrast, per capita plastic consumption inIndia is approximately 11 kg/year.
Once internalized, microplastics exert adverse effects on multiple physiological systems depending on their size, shape, chemical composition, and surface characteristics. Smaller particles can translocate into the circulatory and lymphatic systems, facilitating systemic distribution. Exposure and accumulation of microplastics have been shown to impact the immunological, gastrointestinal, respiratory, dermal, neurological, cardiovascular, and reproductive systems in humans and other mammals.Microplastics ingested through contaminated food and drinking water accumulate in the gastrointestinal tract (Zhao et al., 2024). Their presence has been associated with intestinal irritation and obstruction, constipation, dysbiosis (disruption of the gut microbiota–host symbiosis), metabolic disorders, inflammatory bowel disease (IBD), and increased risks of colorectal and pancreatic cancers (Lang et al., 2024; Shum et al., 2023; Osman et al., 2023).
Dermal exposure allows extremely small microplastic particles to penetrate cellular and physiological barriers, triggering immunological responses such as swelling, redness, and urticaria. Abbasi& Turner (2021) reported the presence of 4,265 microplastic particles on facial skin, 4,051 particles on hand skin, and 7,462 particles in hair samples. These particles have been shown to elevate reactive oxygen species (ROS) levels in skin cells, thereby promoting carcinogenic processes (Tang et al., 2024; Wang et al., 2023).
Inhalation of airborne microplastics causes respiratory health issues, including irritation, inflammation, coughing, asthma, and wheezing(Sangkham et al., 2022). Very fine particles, particularly those originating from synthetic textile fibers and tire abrasion, can penetrate deep into the lungs, leading to airway and interstitial lung diseases, including chronic obstructive pulmonary disease (COPD) (Jenner et al., 2022). Studies have detected 31–39 microplastic particles in lung tissues (Amato-Lourenço et al., 2020; Jenner et al., 2022), while up to 65 particles were reported in lung granulomatous nodules (Chen et al., 2022).	Comment by Dell: Inhaling airborne microplastics can lead to various respiratory health problems, such as irritation, inflammation, coughing, asthma, and wheezing.
Microplastics also pose significant risks to the nervous system. Yin et al. (2021) demonstrated that small particles can cross the blood–brain barrier, inducing neuroinflammation and cognitive impairment(Liu et al., 2022). Neurological symptoms such as dizziness, headache, nausea, visual disturbances, and numbness have been reported previously. Long-term exposure has been linked to neuro degenerative disorders, including Parkinson’s disease, Alzheimer’s disease, and dementia (Peters, 2023).	Comment by Dell: illustrated
Additive chemicals present in microplastics act as endocrine disruptors, interfering with hormonal regulation, development, and overall health, including reproductive functions (Rai et al., 2022; Wee et al., 2022). Exposure has been shown to negatively affect human reproductive health, causing gonadal damage, fibrosis, ovarian atrophy, placental dysfunction, and reduced offspring weight (An et al., 2021; Wang et al., 2024).Microplastic exposure also contributes to cardiovascular dysfunction, including endothelial damage, inflammation, procoagulant activity, and impaired cardiac function (Gou et al., 2024). Dyslipidemia resulting from disrupted lipid metabolism has been reported (Symeonides et al., 2024), with evidence suggesting altered cholesterol storage and transport, leading to arterial accumulation (Wang et al., 2023). Wu et al. (2023) demonstrated that microplastics can induce platelet aggregation and coagulation through interactions with plasma proteins.Furthermore, the accumulation of microplastics in human tissues has been associated with an increased risk of gastrointestinal and lung cancers (Zarus et al., 2023; Bajaj et al., 2022).	Comment by Dell: showed
Fig 3-Effects of microplastic onHuman health
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Adverse health effects on Humans


	Gastrointestinal tract: Constipation; inflammation of the digestive tract; gut barrier dysfunction; metabolic disorders; fatty liver (non-alcoholic); colorectal and pancreatic cancer.


	Immune system:
Autoimmunedisorders; immunosuppression



	Reproductive system: Infertility; gonadal damage; ovarian Atrophy; Fibrosis; reduced weight and development of offspring


	Others: 
DNA damage, leukaemia, bladder cancer, lymphoma, hematopoietic neoplasm, colorectal and pancreatic cancer.








Conclusion:   
Microplastics, which are omnipresent in the environment, have emerged as a potential health hazard to both humans and animals. These particles originate primarily from plastic waste, synthetic fibers, cosmetics, and personal care products. Microplastics have been detected in more than 70% of food and water samples. and their presence has been reported in over 50% of the organs of animals and humans. The bioaccumulation of microplastic particles can lead to inflammation, gastrointestinal dysfunction, immune disturbances, oxidative stress, reproductive problems, and endocrine disruption in livestock. In humans, microplastic exposure has also been associated with cytotoxicity, genotoxicity, apoptosis, neurodegenerative effects, and cardiovascular disorders.	Comment by Dell: More concerning is their systemic integration into life forms; recent data indicate microplastics are present in over half of all human and animal organs.	Comment by Dell: Briefly mention examples of mitigation strategies (e.g., plastic reduction policies, biodegradable alternatives, wastewater treatment improvements) to make the conclusion more action-oriented.
The findings of this review highlight that developing effective strategies and technologies for proper plastic management must be a top priority for environmental scientists.
[bookmark: _GoBack]Declaration: No original data have been used in this review; all information is accessed from published work.
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