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Abstract  

Background. Microplastics are widespread environmental contaminants increasingly 

detected in food, drinking water and human tissues, raising concerns about their potential health 

effects and public health implications. 

Aim. This review aimed to assess population exposure to microplastics from food and 

drinking water, identify major dietary sources, evaluate potential health effects, and discuss 

challenges for monitoring, prevention and public health policy. 

Material and methods. A narrative review of scientific literature on human exposure to 

micro- and nanoplastics was conducted, focusing on their occurrence in food and drinking 

water, exposure routes, mechanisms of toxicity, health effects, and regulatory challenges. 

Results. Food and drinking water are major sources of microplastic exposure, 

supplemented by inhalation and contamination during food processing, packaging and 

preparation. Microplastics have been detected in water, seafood, salt, beverages, plant- and 

animal-derived foods, and human tissues. Evidence suggests that micro- and nanoplastics may 

cross biological barriers and contribute to oxidative stress, inflammation, impaired intestinal 

barrier function, gut microbiota alterations, and potential cardiovascular, reproductive, 

endocrine, respiratory and neurological effects. However, evidence for long-term health 

outcomes and causal relationships in humans remains limited. Key challenges include the lack 

of harmonised analytical methods, health-based exposure thresholds and comprehensive 

regulations. 

Conclusions. Microplastic contamination is an emerging public health concern 

associated with widespread population exposure. Further research is needed to establish causal 

relationships and clinically relevant exposure thresholds. Risk reduction requires standardised 

monitoring, reduced plastic contamination at source, improved waste management, safer 

alternatives, and effective public health education. 

Key words: microplastics, nanoplastics, contamination, drinking water, human exposure, 

public health, health effects 

 



 

1. Introduction 

Microplastics are a group of water-insoluble, synthetic solid particles or polymeric 

matrices whose size does not exceed 5 mm in their longest dimension [1–5]. This type of 

contaminant is now widely detected across all environmental compartments, including aquatic 

and terrestrial ecosystems as well as the atmosphere [6,7]. Owing to their high persistence, 

small size, large specific surface area and hydrophobic nature, microplastics can remain in the 

environment for decades or even centuries. These properties enable microplastic particles to act 

as effective carriers of harmful substances, including heavy metals, persistent organic pollutants 

and pathogenic microorganisms, thereby increasing their bioavailability and potential toxic 

effects [2,4,5]. 

Microplastics occur in a wide range of physical forms, including irregular fragments, 

fibres, pellets, spheroids, thin films and foams [2,3,5]. In terms of chemical composition, the 

predominant polymers are those widely used in industry, particularly polyethylene, 

polypropylene, polystyrene, polyvinyl chloride, polyethylene terephthalate and polyamides 

[2,4,6,8]. Depending on their origin, microplastics can be classified as primary microplastics, 

which are intentionally manufactured at microscopic sizes for industrial, cosmetic and medical 

applications [1,5,6], and secondary microplastics, which are generated through the 

fragmentation of larger plastic items under the influence of UV radiation, temperature 

fluctuations, mechanical abrasion, wave action and biological processes [1–3,5,6]. 

Waste management infrastructure plays an important and crucial role in the 

environmental distribution of microplastics. Despite the high efficiency of wastewater 

treatment plants in removing particles from wastewater, these facilities contribute to their 

accumulation in sewage sludge, which is frequently applied to agricultural land as fertiliser, 

thereby introducing microplastics directly into soils [2,4,5,9]. Landfills and illegal dumping 

sites represent long-term sources of secondary microplastic emissions, from which particles 

may leach into groundwater or be transported by wind [1,2,5]. In addition, microplastics can be 

transported over long distances through the atmosphere, surface runoff and river systems, with 

rivers acting as major transport pathways to seas and oceans [2,4,5,9]. 

Although microplastic particles themselves constitute foreign material to living 

organisms, their potential impact is substantially associated with their ability to adsorb toxic 



 

chemical compounds and microorganisms onto their surfaces. In this way, microplastics may 

facilitate the transport and penetration of harmful substances into tissues and cells, increasing 

the risk of adverse biological effects and making microplastic pollution a significant challenge 

for environmental protection and public health [1,2]. 

1.1. Microplastics - a Public Health Problem 

Microplastics represent a growing public health concern due to their widespread 

occurrence in the environment, multiple routes of human exposure, and their capacity to 

transport toxic substances and microorganisms. Human exposure to microplastics occurs 

primarily through the diet [1,5–7], inhalation of contaminated air [6], and dermal contact, with 

particularly high concentrations being observed in indoor environments [5,9]. Microplastic 

particles can act as chemical and biological vectors by adsorbing heavy metals and persistent 

organic pollutants [1,2,4,5,10], as well as by releasing additives such as bisphenol A and 

phthalates, which have endocrine-disrupting properties [1,3,5,7]. The smallest fractions are 

capable of crossing biological barriers, as demonstrated by their detection in human blood, 

lungs and placenta [1,5,6,9]. 

Experimental studies using animal models indicate that microplastics may induce 

oxidative stress, inflammatory responses [1,5,7], and metabolic disturbances [1,4,5]. However, 

the World Health Organization emphasises that evidence regarding the long-term health effects 

of microplastic exposure in humans remains limited. Given the continuing increase in plastic 

production and the widespread, largely unavoidable exposure of the population, microplastics 

constitute an important public health concern. At the same time, they represent a significant 

challenge requiring further research and the implementation of preventive measures within the 

field of public health [5-7]. 

Therefore, the aim of this article is to assess the extent of population exposure to 

microplastics originating from food and drinking water and to identify the associated public 

health risks. This review aims to analyse the main sources of microplastics in the human diet, 

the potential mechanisms underlying their biological effects, and current research gaps, as well 

as to identify the challenges facing monitoring and prevention systems and public health policy. 

 



 

2. Research materials and methods 

The present study was conducted as a narrative review of the available scientific literature 

concerning human exposure to micro- and nanoplastics, with particular emphasis on exposure 

through food and drinking water and the associated implications for public health. A literature 

search was performed using the PubMed/MEDLINE, Scopus, and Web of Science databases. 

Publications addressing the occurrence of micro- and nanoplastics in food and drinking water, 

human exposure, potential health effects, and public health implications were considered. In 

addition, the reference lists of relevant systematic reviews, narrative reviews, reports, and 

scientific articles were manually screened to identify additional publications relevant to the 

scope of the review. 

The literature search was based on combinations of predefined search terms related to 

micro- and nanoplastic exposure, including: “microplastics”, “nanoplastics”, “microplastic 

exposure”, “human exposure”, “food contamination”, “drinking water”, “dietary exposure”, 

“food packaging”, “human health”, “public health”, “oxidative stress”, “inflammation”, “gut 

microbiota”, “cardiovascular effects”, “reproductive toxicity”, “endocrine effects”, “respiratory 

effects”, and “neurotoxicity”. The search terms were used individually and in appropriate 

combinations to identify publications covering the principal thematic areas of the review. 

Eligible publications included peer-reviewed original studies investigating the occurrence 

of micro- or nanoplastics in food, beverages and drinking water, as well as studies evaluating 

human exposure and potential biological or health effects. Experimental in vitro and in vivo 

studies were considered when they provided mechanistically relevant information on micro- 

and nanoplastic toxicity. Systematic reviews, narrative reviews, and relevant reports from 

international organisations were also considered when they contributed information on 

population exposure, food safety, risk assessment, monitoring, regulation or public health 

implications. 

Studies unrelated to human exposure or health, publications without sufficient relevance 

to food- or drinking-water-related exposure, conference abstracts, editorials, and publications 

lacking adequate scientific information were excluded from the main synthesis. Studies 

concerning environmental contamination were included only when they provided information 



 

directly relevant to the transfer of microplastics into the human food chain, drinking water, or 

other pathways contributing to population exposure. 

The eligible evidence was qualitatively synthesised according to the principal areas 

addressed in this review: sources and routes of human exposure, potential health effects, and 

challenges for public health. Particular attention was given to differences among studies in 

analytical methodology, particle size ranges, polymer composition, exposure conditions, 

biological models, and reported outcomes. Due to substantial heterogeneity in analytical 

techniques, definitions of micro- and nanoplastics, particle characteristics, exposure assessment 

methods, and health outcomes, a quantitative meta-analysis was not performed. Instead, the 

available evidence was synthesised narratively to provide an integrated overview of population 

exposure, potential biological effects, and current challenges related to monitoring, prevention, 

and public health policy. 

As this study was designed as a narrative review based exclusively on previously 

published data and did not involve the collection of primary data from human participants or 

animals, formal ethical approval was not required. 

3. Main Sources and Routes of Exposure 

The primary route through which microplastic particles enter the human body is ingestion 

via food and water [11-13]. It is estimated that approximately 39,000–52,000 microplastic 

particles are ingested annually, while in individuals whose sole source of drinking water is 

bottled water, this figure may increase by up to 90,000 particles per year [11,14,15]. Water 

represents a key vehicle for microplastic exposure due to its daily consumption and widespread 

use in food-processing operations [15,16]. Bottled water generally contains higher 

concentrations of microplastics than tap water, primarily as a result of particle migration from 

packaging made of polyethylene terephthalate, as well as polyethylene and polypropylene used 

in bottle caps, and the mechanical abrasion of plastic during repeated opening and closing of 

bottles [11,13,16,17]. In the case of tap water, although treatment processes can remove more 

than 90% of microplastics, trace amounts of particles, estimated at an average of approximately 

five particles per litre, may still reach consumers, mainly as a result of abrasion of pipes made 

of PVC and PE and degradation of tank coatings containing epoxy resins [11,12,15,16,18]. 

Microplastics have also been detected in other beverages, including beer, wine, energy drinks 



 

and soft drinks. A particularly notable source of exposure is tea packaged in plastic tea bags, 

which, when exposed to boiling water, may release billions of micro- and nanoplastic particles 

into a single cup of tea [11,12,16,19]. 

Seafood represents an important dietary source of microplastics and constitutes one of the 

most extensively investigated components of the food chain in terms of plastic contamination 

[11,14,16]. Bivalves such as mussels and oysters, as filter-feeding organisms, accumulate 

microplastics in their tissues, and because they are consumed whole, including the 

gastrointestinal tract, their consumption may directly expose humans to substantial numbers of 

particles [11,12,14,16]. In fish and crustaceans, microplastics accumulate predominantly in the 

gastrointestinal tract, which is generally removed before consumption. However, the smallest 

fractions may translocate into muscle tissues, indicating that even eviscerated organisms may 

constitute a source of exposure [3,11,19]. Microplastic contamination also affects sea salt, in 

which the presence of particles composed of polymers such as PET, PVC and PP reflects both 

the condition of the aquatic environment and the influence of processing and packaging 

practices [11,12,15,17]. 

Microplastics may also enter terrestrial food products through soil and agricultural and 

industrial activities [11,15,16]. Crop plants are capable of taking up small particles, particularly 

nanoplastics, from soil through their root systems, potentially leading to their accumulation in 

edible parts, including apples and pears, as well as vegetables such as carrots, lettuce and 

broccoli [11,15,16,20]. The main sources of microplastics in agricultural soils include sewage 

sludge applied as fertiliser and the degradation of agricultural plastic films [11,20]. Animal-

derived products, including meat and milk, may also contain microplastics because livestock 

can ingest contaminated feed and water. Microplastic particles have been detected, among 

others, in goose eggs and cow's milk, where plastic filters and components of milking systems 

may constitute additional sources of contamination [11,15,16]. Microplastics have also been 

identified in rock and lake salt, sugar and honey, indicating the potential for contamination 

during processing and packaging [12,16,17]. 

Secondary sources of contamination arising during food preparation and consumption 

may contribute substantially to overall human exposure to microplastics. The use of plastic 

chopping boards, particularly those made of polypropylene, can result in the release of 

microparticles directly into food during cutting. Similarly, plastic spice grinders may release 



 

small particles of nylon or polyoxymethylene during the grinding of salt and pepper 

[13,15,16,19]. Heating food in plastic containers in microwave ovens can substantially increase 

the release of micro- and nanoplastics, while the everyday use of twist-off packaging, plastic 

food wraps and sealing tapes may further contribute to particle release [12,19]. Household dust 

containing synthetic textile fibres represents an additional and difficult-to-control source of 

exposure, as these fibres may settle directly onto food and, in some circumstances, constitute a 

more significant source of dietary microplastic exposure than the consumption of contaminated 

seafood [11,18]. 

4. Potential Health Effects of Microplastic Exposure 

Human exposure to micro- and nanoplastics is increasingly recognised as a growing 

public health challenge due to their widespread presence in the environment, food, drinking 

water and air. One of the key mechanisms underlying microplastic toxicity at the cellular level 

is the induction of oxidative stress [21,22]. Plastic particles are recognised by human immune 

cells as foreign bodies, leading to excessive production of reactive oxygen species (ROS) 

[21,23]. This process may result in damage to membrane lipids, proteins and genetic material, 

thereby contributing to genotoxicity, cell-cycle disruption and potentially carcinogenic 

processes [22,24]. Nanoplastics, in particular, are capable of penetrating cellular organelles, 

including mitochondria, leading to disruption of the respiratory chain, reduced ATP production, 

and activation of apoptotic and autophagic pathways [21,22,25]. 

The prolonged presence of micro- and nanoplastics in tissues may promote chronic 

inflammation, which represents a common underlying mechanism in numerous non-

communicable diseases. Microplastics can activate the NLRP3 inflammasome, initiating an 

inflammatory cascade involving pro-inflammatory cytokines such as interleukin-1β (IL-1β), 

IL-6 and tumour necrosis factor alpha (TNF-α) [21,22,26,27]. Persistent stimulation of the 

inflammatory response, combined with mechanical tissue damage caused by the sharp edges of 

polymer particles, may contribute to fibrotic processes observed, among others, in the lungs 

and liver. These processes may disrupt normal organ architecture and impair organ function 

[22,23,28]. 

The gastrointestinal tract represents the principal route of human exposure to 

microplastics, and its integrity may be adversely affected by these particles [24,28]. Studies 



 

have indicated an association between the amount of microplastics detected in faeces and the 

severity of inflammatory bowel disease, with significantly higher concentrations of plastic 

particles reported in patients with IBD than in healthy individuals [29]. Microplastics may 

compromise the intestinal barrier by reducing the expression of tight-junction proteins, such as 

occludin, resulting in increased intestinal permeability and facilitating the translocation of 

toxins and pathogens into the bloodstream [21,22,28]. Significant alterations in the composition 

of the gut microbiota have also been observed, including an increased abundance of potentially 

pathogenic microorganisms at the expense of bacteria with protective functions. Such 

alterations may substantially affect host metabolism and the regulation of immune responses 

[21,28,29]. 

An increasing body of research suggests a potential role of micro- and nanoplastics in the 

pathogenesis of cardiovascular diseases [24,30]. Microplastic particles, predominantly 

polyethylene and PVC, have been detected directly in carotid artery atherosclerotic plaques in 

58% of the patients examined [27,30]. Their presence has been associated with a significantly 

increased risk of cardiovascular events, including myocardial infarction, ischaemic stroke or 

death, during approximately three years of follow-up [30]. The reported risk was approximately 

4.5-fold higher among patients in whom micro- and nanoplastics were detected within 

atheromatous plaques [30]. Potential mechanisms include increased inflammatory activity 

within vascular walls as well as possible effects of microplastics on activation of the coagulation 

system and platelets, which may increase the risk of thrombosis and contribute to the 

destabilisation of atherosclerotic plaques [27]. 

Microplastics may also adversely affect the reproductive and endocrine systems, 

particularly through the transport and release of endocrine-disrupting chemicals, such as 

bisphenol A and phthalates [30,31]. Plastic particles have been detected in the testes, semen 

and ovaries, while experimental evidence suggests that their accumulation may contribute to 

oxidative stress, germ-cell apoptosis, and disturbances in spermatogenesis and folliculogenesis 

[22,24,29-32]. Of particular concern are reports demonstrating the ability of microplastics to 

cross the placental barrier, potentially resulting in fetal exposure during prenatal development. 

Their presence has also been reported in human breast milk, indicating the possibility of 

continued exposure during early development [22,24,30,33]. 



 

The respiratory system represents another important route of exposure to microplastics, 

primarily through the inhalation of particles present in airborne dust and indoor environments. 

Deposition of micro- and nanoplastic particles in the pulmonary alveoli may induce 

inflammatory responses, damage to the respiratory epithelium [22,24,29], and disruption of 

pulmonary surfactant function, including alterations involving surfactant protein B (SP-B), 

which is essential for maintaining normal pulmonary function and gas exchange [25]. These 

effects are of particular concern among individuals occupationally exposed to synthetic fibres, 

in whom prolonged exposure may contribute to the development of chronic respiratory 

disorders [24,25]. 

Due to their small size, micro- and nanoplastics may also pose a neurological risk because 

the smallest particles may be capable of crossing the blood–brain barrier, raising concerns 

regarding their potential neurotoxicity [24,30]. Experimental studies in animal models have 

demonstrated that plastic particles can accumulate in brain tissue. Such accumulation may 

contribute to microglial activation and neuroinflammatory responses accompanied by 

behavioural alterations. Preliminary human observations have suggested that microplastic 

concentrations in brain tissue may differ between individuals with neurodegenerative diseases 

and those without such conditions. These findings raise the possibility that microplastics could 

contribute to processes associated with neurodegeneration. However, the available evidence 

remains insufficient to establish a causal relationship, and the potential effects of micro- and 

nanoplastics on the human brain require further comprehensive investigation [21,24]. 

5. Discussion 

5.1. Challenges for Public Health 

One of the major challenges associated with microplastics is the lack of coherent legal 

standards and regulatory guidelines [34]. Current regulations remain fragmented, and 

internationally harmonised permissible limits for microplastics in environmental matrices, 

including wastewater, soils and biosolids, have not yet been established [34,35]. The use of 

sewage sludge in agriculture is particularly problematic, as it may contribute to the long-term 

contamination of soils and indirect human exposure through the food chain [36]. The absence 

of harmonised terminology and standardised analytical methods makes it difficult to compare 

findings across studies and conduct comprehensive global risk assessments. Furthermore, 



 

owing to the considerable heterogeneity of microplastics, it is currently not possible to establish 

definitive health-based threshold values, such as an acceptable daily intake [34,37]. 

The interpretation of the available evidence is further complicated by substantial 

methodological heterogeneity between studies. Differences in sampling procedures, analytical 

techniques, particle-size detection limits and polymer identification methods can lead to 

considerable variation in reported microplastic concentrations. This problem is particularly 

important in the case of nanoplastics, which remain difficult to detect and quantify using 

routinely applied analytical approaches. Consequently, estimates of population exposure should 

be interpreted with caution, and direct comparisons between individual studies may not always 

be justified. The lack of harmonised methodologies also limits the possibility of establishing 

reliable dose-response relationships and clinically relevant exposure thresholds [34,36-39]. 

Another important issue is the distinction between evidence of human exposure and 

evidence of adverse health effects. The presence of micro- and nanoplastics has been 

demonstrated in several human tissues, while experimental studies provide biologically 

plausible mechanisms involving oxidative stress, inflammatory responses, mitochondrial 

dysfunction, disruption of intestinal integrity and alterations in cellular signalling [21,22,24,26-

30]. However, much of the mechanistic evidence originates from in vitro and animal studies, 

frequently using exposure conditions that may not fully reflect real-life human exposure. 

Therefore, although the biological plausibility of adverse effects is increasingly well 

documented, the current epidemiological evidence remains insufficient to establish causality 

for most chronic health outcomes. 

From a public health perspective, particular attention should also be given to population 

groups with potentially higher or prolonged exposure. These may include individuals relying 

predominantly on bottled water, persons occupationally exposed to synthetic fibres and plastic 

dust, and vulnerable groups such as pregnant women and children. The detection of 

microplastics in the placenta, reproductive tissues and breast milk raises additional concerns 

regarding exposure during sensitive periods of development [22,24,29-32]. Nevertheless, 

because no validated exposure thresholds have yet been established, the actual magnitude of 

risk in these populations remains uncertain. 

The development of integrated monitoring systems and sensitive detection methods is 

therefore of particular importance, especially for nanoplastics smaller than 1 µm, which may 



 

more readily cross biological barriers [34,36,38,39]. From a public health perspective, primary 

prevention remains the most effective approach, involving the reduction of contamination at 

source through restrictions on the intentional use of microplastics in products, improvements in 

waste management and recycling, and the development of biodegradable alternatives [35,37,40-

44]. These measures should be complemented by consumer education and effective risk 

communication aimed at reducing the use of single-use products, promoting appropriate waste 

segregation, and encouraging informed choices regarding packaging materials. Successful 

implementation of these strategies requires cooperation between public institutions, non-

governmental organisations and public health experts [34,35,40,42,44]. 

6. Conclusions 

Microplastics represent a growing public health concern due to their widespread presence 

in the environment, water and food, as well as their potential to enter and accumulate in human 

tissues, including the brain, reproductive tissues and tissues associated with fetal development 

[21,24,29-32]. Human exposure occurs primarily through the diet, drinking water, inhalation 

and contact with contaminated materials, and may be associated with oxidative stress, 

inflammation, and metabolic, endocrine and cardiovascular disturbances [21,22,24,27,29-32].  

However, the current evidence base, particularly regarding long-term effects and causal 

relationships in humans, remains incomplete [29,31–33]. The lack of harmonised regulations 

and standardised analytical methods further complicates risk assessment and the management 

of population exposure [33,36,37].  

Effective public health protection therefore requires a combination of primary prevention, 

improved waste management, reduction of plastic contamination at source, development of 

safer and biodegradable alternatives, standardised monitoring systems, and public education 

aimed at reducing unnecessary exposure [34,36,38-41]. Further prospective human studies and 

harmonised analytical protocols are required to establish clinically relevant dose-response 

relationships, identify population groups at greatest risk and provide a stronger scientific basis 

for future regulatory standards and public health recommendations [31-33,36]. 
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