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Abstract 

 

Background 

Microplastics (MPs) are particles of plastic less than 5 mm in diameter and have become 

ubiquitous pollutants. Their growing occurrence in food, air, and water causes serious concerns 

about human health effects, especially in relation to physiological and neurological systems. 

 

Objectives 

The purpose of conducting this review is to summarise existing data on the negative health 

impacts of exposure to microplastics. It concentrates on exposure pathways, cellular and 

molecular pathways of toxicity and accumulation by the tissue, with a special emphasis on the 

possible association with chronic diseases. 
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Methods 

Systematic reviews of in vitro and in vivo and epidemiological investigations have been done 

to assess the biological impact of MPs. The focus was on pathways of exposures like ingestion, 

inhalation, and dermal absorption, and organ-specific distribution and mechanistic outcomes. 

 

Results 

Recent evidence shows that MPs cause oxidative stress, inflammatory reactions and cellular 

homeostasis disturbances. The build-up has been reported in the lungs, liver, kidneys and the 

brain. There is experimental evidence that nanoplastics may cross the biological barriers, such 

as,the blood-brain barrier, causing neuroinflammation and possible neurodegeneration. 

Metabolic disorders and cardiovascular complications have also been found to have 

associations with it. 

 

Conclusions 

 

The exposure to microplastics and nanoplastics has severe physiological and neurological 

toxicity via various pathways. There is a need to conduct further research to clarify long-term 

health outcomes, dose-response relationships, and molecular interaction mechanisms to inform 

preventive and regulatory policies. 

 

Keywords: Microplastics, Nanoplastics, Human health, Neurotoxicity, Oxidative stress, 

Inflammation, Bioaccumulation 

 

Introduction 

 

Plastic manufacturing, which developed in the middle of the 20th century, has led to a massive 

amount of plastic waste in the environment that has never been observed previously. In 2023, 

the amount of plastic that was produced around the globe was higher than 400 million tons, 

and it is projected to grow further [1,2]. Larger plastic debris gets fragmented into microplastics 

(1–5000 μm) and nanoplastics (None), through degradation processes such as 

photodegradation, mechanical fragmentation, and biodegradation and has now occupied 

virtually all of the environmental compartments: air, water, soil, and food, subject to 

degradation [3]. 

 

Recent research has even found microplastics in the human blood, lung tissue, placenta, and 

stool, thus establishing that human beings continue to be exposed to the particles in various 

ways. On average, the estimated figure is 39,000-52,000 microplastic particles consumed in 

food and water every year, with inhalation being an additional to the previous exposure. These 

particles are small, and as a result, they permeate biological barriers and accumulate in tissues, 

and may cause different responses of pathophysiology.[4] 

 

The problem of microplastic toxicity is not only a manifestation of the physical presence of the 

components but also relates to the chemical additives (plasticisers, flame retardants, and 

colourants) and the adsorption of environmental contaminants (heavy metals and persistent 
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organic pollutants). Such components of the plastic can be washed away and added to the toxic 

load. The present review is a discussion of the existing level of knowledge on the health effects 

of microplastic exposure, focusing on the examination of physiological and neurological 

threats recorded in recent literature. [5,6] 

 

2. Pathways and Routes of Human Exposure. 

 

2.1 Ingestion 

 

The main path of exposure to microplastics is through diet. The contamination has been 

reported in various food types such as seafood, salt, honey, beer, bottled water, and fresh food. 

The feeding habits of marine life have led to significant deposits of microplastics, particularly 

in filter-feeders such as mussels and oysters.[7] One portion of mussels has the potential to 

have as many as 90 microplastic particles. Another important source of microplastics is the 

consumption of both tap and bottled water, with bottled water exhibiting the highest 

contamination rates, ranging from 10 to 6,000 parts per litre. Plastic packaging causes food 

contamination due to the migration of particles during storage, and in particular when it is 

subjected to heat or mechanical force.[8] 

 

2.2 Inhalation 

 

Textile fibres, tyre wear products, and degradation of plastic items, as well as industrial 

activities, are all sources of airborne microplastics. Microplastics generally have greater levels 

of concentration in indoor air than outdoors, with synthetic fabrics and carpeting being 

significant sources. Research approximates that human beings breathe 272 to 304 microplastic 

particles in houses every day.[9] The current rates of inhalation may be very high because of 

the occupational exposures in the textile, manufacturing, and waste management industries. 

The structure of the respiratory system enables particles that are less than 100 µm to move to 

the deep parts of the alveoli, where they could be translocated to the systemic circulation.[10] 

 

2.3 Dermal Contact 

 

Devoid of research, dermal exposure occurs via the use of personal care products containing 

microbeads, synthetic textiles, and environmental contact. The cosmetics contain 

microplastics, which can come in direct contact with skin and mucous membranes, especially 

facial scrubs and toothpastes. Most microplastics generally penetrate the intact skin barrier, but 

because of broken skin or inflamed skin, they can gain entry. Nanoplastics can enter healthy 

skin through hair follicles and sweat glands, but the penetration degree of this method is not 

well documented.[11] 

 

 

 

 

 

YMER || ISSN : 0044-0477

VOLUME 24 : ISSUE 11 (Nov) - 2025

http://ymerdigital.com

Page No:771



Table 1: Major Sources and Estimated Daily Exposure to Microplastics 

 

Exposure Route Primary Sources 
Estimated Daily 

Exposure 
Particle Size Range 

Ingestion 

Drinking water, 

seafood, salt, 

packaged foods 

106-142 

particles/day 
1-5000 μm 

Inhalation 
Indoor air, textile 

fibres, tyre particles 

272-304 

particles/day 
0.1-100 μm 

Dermal 
Personal care 

products, textiles 
Unknown (minimal) 5-500 μm 

3. Mechanisms of Cellular Toxicity 

 

3.1 Oxidative Stress 

 

Microplastics have been seen to induce oxidative stress in various ways. Reactive oxygen 

species (ROS) generation is usually achieved through the interaction of particles and cells, 

mitochondrial electron transport chain perturbation, and inflammatory cell activation. The net 

effect of ROS accumulation is an overload of cellular defences against oxidants, which results 

in lipid peroxidation, protein oxidation, and DNA damage. In vitro experiments indicate that 

the microplastics in polystyrene cause a dose-related elevation of intracellular ROS in human 

epithelial and endothelial cell lines.[12] Depending on size, shape, and surface charge, the 

nature of the microplastics' surfaces determines the intensity of the oxidative stress response. 

Nanoplastics have a large surface area/volume ratio, and the ROS-generating potential is 

especially advantageous in this case.[13] 

 

3.2 Inflammatory Response 

 

Microplastics cause acute and chronic inflammatory reactions. Treatment with microplastics 

as foreign objects leads to activation of pattern recognition receptors and triggers inflammatory 

cascades of events via NF. This eliminates the need for NF-KB, MAPK, and the 

inflammasome, which are responsible for initiating inflammatory responses in astrocytes and 

microglia in the hippocampus to remove these particles.[14] Long-term exposure can result in 

long-term low-grade inflammation, which has been linked to many pathological actions such 

as metabolic syndrome, cardiovascular disease, and neurodegeneration. The inflammatory 

agent, especially NLRP3, is at the center of the inflammation caused by microplastic uptake. 

NLRP3 activation causes caspase-1 release and release of mature IL-18 and IL-1, not only 

stopping the inflammatory signal but also amplifying the effect of further propagation of the 

signal.[15] 
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3.3 Membrane Disturbance and Cytoplasmic uptake. 

 

The interaction of microplastics and the cell membrane is determined by the nature of the 

particles and the type of cell. The main form of cellular internalization of microplastics is 

endocytosis, and several pathways are involved in this process, such as clathrin-mediated, 

caveolae-mediated, and macropinocytosis.[16] The smaller particles below 150 nm may enter 

the cells by clathrin-coated pits, and larger particles may enter the cells in different ways. After 

internalisation, microplastics are able to interfere with autophagy as well as lysosomal 

functioning and accumulation in intracytoplasmic compartments. Direct mechanical damage 

to membranes may also occur during physical contact with them, especially in the case of sharp 

or irregularly shaped particles. Disruption of membranes may cause ionic dysregulation, 

membrane potential loss, and, therefore, cell death.[17,18] 

 

3.4 Genotoxicity 

 

Microplastics demonstrate genotoxic effects, which include both direct and indirect effects. 

Oxidative damage of the DNA by ROS causes a break in strands, alteration of bases, and 

aberration of the chromosomes. Using comet analysis and micronucleus tests, studies have 

recorded DNA damage in human cell lines subjected to different types of microplastics. 

Furthermore, the microplastics may disrupt cell division, resulting in aneuploidy and 

chromosomal instability due to their physical presence.[19] The genotoxic chemicals may be 

delivered to the cells more easily through the adsorption of genotoxic chemicals to the surface 

of the microplastic, increasing the genotoxic effects. The long-term effects include a higher 

rate of mutation and a potential carcinogenic risk; however, no significant epidemiological data 

have been found so far.[20] 

 

4. Physiological Health Implications 

 

4.1 Gastrointestinal System 

 

The major entry point for ingested microplastics is the gastrointestinal tract. It has been shown 

that microplastics have the potential to change the composition of intestinal microbiota, as well 

as disrupt the functioning of the intestinal barrier and cause a local inflammatory response. 

Chronic exposure to microplastics in animals causes dysbiosis; decreased diversity of the 

microbes and changes in the proportion of Firmicutes and Bacteroidetes. Breakage of the gut 

epithelial barrier, commonly known as leaky gut, promotes gut microplastic and bacterial 

endotoxin translocation into the circulatory mass.[21] This impaired basement membrane is 

associated with augmented intestinal permeability, tight junction protein breakdown, and a thin 

mucus layer. Possible clinical correlates include exacerbations of inflammatory bowel disease; 

however, direct evidence in humans is limited.[22] 
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4.2 Respiratory System 

 

Exposure to microplastics is extremely dangerous to respiratory health. The manner of 

deposition is determined by the aerodynamic diameter of the particles, where particles smaller 

than 10 μm can reach the airways.[23] The fiber-shaped microplastics, especially with a high 

aspect ratio, are biopersistent and may cause the same local response in the body as asbestos 

fibres. Occupational exposure to asbestos as a chronic inhalation exposure through inhalation 

has been attributed to high prevalence of respiratory symptoms, impaired lung performance, 

and high pulmonary inflammatory markers.[24] Investigations in animals have shown that 

through inhalation of microplastics, pulmonary fibrosis, granuloma formation, and pathology 

characteristic of chronic obstructive pulmonary disease develop. Recent discoveries of 

microplastics in human lung tissue by various research groups demonstrate the clinical 

significance of respiratory exposure.[25] 

 

4.3 Cardiovascular System 

 

There is some emerging evidence of the cardiovascular impacts of exposure to microplastics. 

When microplastics are translocated out of the gut or the lung into the bloodstream, they are 

able to be distributed throughout the body and accumulate in cardiovascular tissues.[26] It has 

been reported that microplastics were found in human atherosclerotic plaques, and they may 

contribute to the formation or development of a plaque. Theorized pathways of microplastic-

cardiovascular risk have been suggested to be endothelial dysfunction, stimulation of oxidative 

stress and inflammation, disruption of lipid metabolism, and possible prothrombotic effects. 

Testing on animals indicates that exposure to microplastics will make atherosclerosis worse, 

and vascular reactivity will also be compromised.[27] There is a high urgency to put 

epidemiological studies in place to deepen our comprehension of the links between 

cardiovascular disease outcomes and environmental microplastic exposure in humans.[28] 

 

4.4 Hepatic System 

 

The liver, which is the main organ of detoxification, is one of the main locations where 

microplastic accumulates after taking place in the system. [29,30] The lipid accumulation 

(steatosis), oxidative injury, inflammatory cellular infiltration, and fibrotic alterations are all 

examples of hepatic effects in animal models. Exposure to microplastics disrupts hepatic lipid 

metabolism, which causes the accumulation of triglycerides and even the pathology of non-

alcoholic fatty liver disease.[31] Furthermore, the microplastics can interfere with xenobiotic 

metabolism through the influence on cytochrome P450 enzyme activity and the expression of 

cytochrome P450 enzymes. These disruptions may affect the absorption of the drugs and the 

elimination of other environmental pollutants. Exposure to hepatocyte damage is indicated by 

the high level of liver enzymes and the effects of histopathological changes in the exposed 

animals.[32] 
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4.5 Renal System 

 

Excretion and renal filtration processes contact microplastics, which are circulating on the 

circuit. Although the large particles are not expected to go through glomerular filtration, 

nanoplastics can go past the filtration barrier and become deposited into the renal tubules. 

Research claims microplastics have nephrotoxicity as a result of tubular injury, glomerular 

damage, and interstitial fibrosis in animal study models.[33] These pathological changes are 

helped by the oxidative stress and inflammatory reactions of renal tissue. There is also the 

possibility of microplastics accumulating in the kidneys and reducing their functionality in the 

long term, which can cause chronic kidney disease.[34] Nevertheless, there is a lack of human 

data on the microplastic content of the kidney and related outcomes of its functions.[35] 

 

Table 2: Organ-Specific Physiological Effects of Microplastic Exposure 

 

Organ System Primary Effects 
Pathological 

Outcomes 
Evidence Level 

 

References 

Gastrointestinal 

Dysbiosis, 

barrier 

disruption 

Inflammation, 

increased 

permeability 

Animal/In vitro 

 

[36,37] 

Respiratory 
Inflammation, 

fibrosis 

Reduced lung 

function, COPD-

like changes 

Human/Animal 

 

[37] 

Cardiovascular 

Endothelial 

dysfunction, 

plaque formation 

Atherosclerosis, 

vascular 

impairment 

Limited human 

 

[38,39] 

Hepatic 
Steatosis, 

oxidative stress 

Fatty liver 

disease, fibrosis 
Animal/In vitro 

 

[40,41] 

Renal 

Tubular damage, 

filtration 

impairment 

Nephrotoxicity, 

fibrosis 
Animal 

 

[42,43] 

 

5. Neurological and Neurodevelopmental Risks 

 

5.1 Blood-Brain Barrier Penetration 

 

Various chemical substances can penetrate the physical barrier of the blood-brain barrier 

(Barley, 2007). The most important aspect of neurotoxicity with microplastics is that they can 
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pass across the blood-brain barrier (BBB). Recent research has shown that nanoplastics 

(particles smaller than 100 nm) can compromise the BBB in several different ways, such as 

transcytosis, breaking of tight junctions, and the utilization of nutrient transport systems.[44] 

These particles are able to build up in neural tissue and cause inflammatory and oxidative stress 

once in the brain. Another issue is the Trojan horse phenomenon, in which the microplastics 

adsorb and carry other neurotoxic substances across the BBB. Direct or oral polystyrene 

lectures have been studied in animals with preferential accumulation of the nanoplastics in the 

brains, with portions such as the hippocampus, cortex, and hypothalamus.[45] 

 

5.2. Neuroinflammation and Neurotoxicity 

 

Microglial activation and neuroinflammation are the initial pathways of neurotoxicity in 

microplastics. Interaction with microplastics triggers microglia stimulation, resulting in the 

release of pro-inflammatory mediators and neurotoxic factors. The chronic neuroinflammation 

has several mediators of neuronal dysfunction and death, among which are excitotoxicity, 

oxidative damage, and disruption of synapses. [46,47] The rodent model studies demonstrate 

that exposure to microplastics can result in behavior changes such as anxiety-like behavior, 

depression-like behavior, and cognitive impairment. Such changes in behavior are associated 

with molecular evidence of neuroinflammation and oxidative stress, as well as changes in the 

levels of neurotransmitters. Dopaminergic and cholinergic neurons are the ones that seem 

especially susceptible to exposure to microplastics.[48] 

 

5.3 Neurodegenerative Disease 

 

There is some new evidence of a possible relationship between exposure to microplastics and 

neurodegenerative diseases. Microplastics' ability to cause chronic neuroinflammation, 

oxidative stress, and protein aggregation makes inroads into their application in the 

development of disorders like Alzheimer's, Parkinson's, and amyotrophic lateral sclerosis. 

Among other effects, microplastics were reported to foster aggregation of amyloid-beta and 

alpha-synuclein proteins in vitro, and these effects can accelerate the pathological process.[49] 

Furthermore, microplastics can disrupt autophagy and proteasomal degradation machineries, 

which could interfere with the clearance of misfolded proteins. Although direct causal 

relationships were not established in human beings, there is the potential biological plausibility 

that needs to be taken seriously and further investigated.[50] 

 

5.4 Neurodevelopmental Effects 

 

The human brain is particularly more sensitive to environmental toxicants, such as 

microplastics, in the developmental stage. In animal models, exposure to microplastics during 

pregnancy and the early postnatal stage causes neurodevelopmental abnormalities, including 

abnormal brain morphology, impaired neurogenesis, and abnormal synaptic development.[51] 

The behavioral effects experienced in children include hyperactivity, poor learning and 

memory, and disturbed social behavior. The effects could continue in adulthood, meaning that 

they could have a long-lasting effect on neurodevelopment. The presence of microplastics in 
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the human placenta confirms the exposure of foetuses to these chemicals, underscoring the 

pressing need to identify neurodevelopmental risks.[52] There are possible parallels in one way 

or another with other developmental neurotoxicants, implying that microplastics may also be a 

contributing factor to the increased prevalence of neurodevelopmental disorders, which is 

currently not supported by epidemiological evidence.[53] 

 

Figure 1a: Pathways of Microplastic-Induced Neurotoxicity 

 

 
Figure 1b: Proposed mechanism of neurodegeneration 
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6. Bioaccumulation and Organ Selectivity. 

 

After their ingestion in the body, microplastics are distributed to other body organs and tissues. 

The distribution pattern is also dependent on various factors such as particle size, shape, and 

surface chemistry, as well as polymer type. The experimental studies of fluorescently labelled 

microplastics present in the animal models show that they accumulate in the liver, spleen, 

kidneys, lungs, brain, and even reproductive organs.[54] Smaller-sized particles, such as 

nanoplastics, have higher tissue penetration and distribution rates than larger, micro-sized 

plastics. Blood circulation is the main pathway to systemic distribution when it has been 

translocated across epithelial cells.[55] 

 

Bio-porosity is a very important property of microplastics. Synthetic polymers do not degrade 

biologically (as organic molecules do), and so the residence time of the tissue increases. The 

dwelling period of microplastics in different organs is under-characterised in humans, but 

animal research indicates that the dwellings could take days to months with regard to the 

characteristics of particles and type of tissues, among other factors.[56] Lifelong exposure can 

accumulate to large body burdens, especially on organs whose clearance is limited. The 

existence of microplastics in the human autopsy samples will confirm the long-term retention 

in tissues.[57] 

 

Food chains, Trophic transfer, and biomagnification of microplastics through food chains are 

other issues. Although conventional biomagnification of persistent organic pollutants leads to 

higher and higher concentrations with increases in trophic levels, microplastic actions in the 

food webs are still a puzzle.[58] The results of some evidence indicate that there is biodilution 

(reducing concentration with rising trophic level) because of selective feeding or removal, 

whereas some other studies demonstrate accumulation. The health and ecological effects of 

microplastics on trophic transfer issues need further study.[59] 

 

7. Vulnerable Populations and Special Considerations 

 

7.1 Infants and Children 

 

Children face a disproportionate exposure to microplastics, putting them at risk. The high 

intake levels are caused by the use of plastic bottles to prepare infant formulas and exposure to 

plastic toys through the use of measuring spoons to suck them. Research has determined that 

babies who are fed in polypropylene bottles could consume more than 1.5 million microplastic 

particles each day.[60] The physiological systems of children are in the process of 

development, and such factors as immature blood-brain barriers, developing immune systems, 

and continuous neurodevelopment make children more susceptible to adverse effects. 

Furthermore, children have an increased respiration rate and hand-to-mouth activities, which 

increase exposure. This population has critical developmental windows in infancy and 

childhood that deserve priority for risk assessment due to microplastics.[61] 
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7.2 Pregnant Women and Fetal Development 

 

Mother-to-child exposure to microplastics is dangerous to the mother and the growing unborn 

baby. In humans, microplastics have been identified in the placental tissue, which is a clear 

indication of the transplacental transfer and exposes the fetus to the particles at the most crucial 

stages of development.[62] The animal research indicates that prenatal exposure to 

microplastics can result in developmental abnormalities, low birth weight, and the development 

of organs. The placental barrier seems partially permeable to smaller microplastics and 

nanoplastics; thus, they expose the fetus. Possible outcomes include developmental toxicity, 

endocrine disruption that affects fetal programming, and long-term health outcomes that may 

manifest later. The pregnancy is a risky phase that ought to be taken care of to reduce 

exposure.[63,64]  

 

7.3 Occupationally Exposed Workers 

 

Workers in the plastic sector, textile industries, and waste management and recycling industries 

face high levels of microplastic exposure, particularly through inhalation. Workplace health 

investigations have found that there are more symptoms related to respiration, less lung 

capacity, and inflammatory indicators in the exposed workers.[65,66] The workers have proven 

to have higher rates of respiratory infections, such as chronic bronchitis and interstitial lung 

disease, based on the historical cohorts of the workers who have had exposure to plastic dust 

and fibers. The contemporary workplace may present similar risks; however, formal risk 

evaluations and health surveillance are still inadequate in many instances. Better working 

safety measures and exposure checks would protect workers' health.[67] 

 

7.4 Pre-existing Conditions 

 

The health status of the population having compromised health conditions can be more 

vulnerable to the toxicity of microplastic. Exposure to microplastics is likely to aggravate 

conditions in people with inflammatory bowel disorders, respiratory disorders, cardiovascular 

disorders, or immune dysfunction.[68] The additive or synergistic effect of microplastics on 

the already existing pathology might increase disease progression. Moreover, having a lifetime 

exposure and possibly hampered clearance ability, elderly people might have the heaviest 

burden of microplastics. Individual risk evaluation based on personal health conditions is a 

significant way to go in the future.[69] 

 

8. Current Detection Methods and Challenges  

 

8.1 Analytical Techniques 

 

The molecular identification and profiling of microplastics in biosamples pose serious 

analytical problems. Existing techniques involve visual identification of samples by 

microanalysis and spectroscopic methods (Fourier-transform infrared spectroscopy, Raman 
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spectroscopy, pyrolysis-gas chromatography-mass spectrometry, and matrix-assisted laser 

desorption/ionization time-of-flight mass spectrometry, among others).[70] All techniques 

have their unique merits and drawbacks based on the limit of detection, throughput, and 

capacity to describe the characteristics of particles (size, shape, polymer type, and additives). 

Sample preparation is a very important procedure that must involve the digestion of biological 

material while maintaining the integrity of microplastics.[71] Digestion by enzymes, alkaline 

digestion and oxidative digestion are used, although either may partially degrade some forms 

of polymer. The contamination throughout the entire process of sample collection, processing, 

and analysis must not be overlooked, as ubiquitous microplastics in the environment can 

introduce artifacts. Similarity of procedures is one of the pressing requirements to provide a 

chance to compare the studies and to quantify the human exposure and tissue burdens 

reliably.[72] 

 

8.2 Biomonitoring and Exposure Assessment 

 

Biomarkers of exposure to microplastics would be useful in supporting epidemiological 

research. Currently, the most effective method for identifying microplastics in bio-products 

(such as blood, urine, and stool) is through direct methods; however, these methods have low 

sensitivity and can be influenced by contamination.[73] Other methods in development include 

the quantification of the chemicals in biospecimens of plastic derivation or the biological 

signature of exposure to microplastics (e.g., the presence of typical inflammatory findings, the 

presence of an oxidative stress response, or a metabolomic signature). Bringing together the 

environmental exposure assessment with the biomonitoring data will prove critical in the 

establishment of the exposure-response relationships in a human population.[74] 

 

 

Table 3: Analytical Methods for Microplastic Detection in Biological Samples 

 

 

Method 
Detection 

Limit 
Advantages Limitations 

References 

Visual/Microscopy >50 μm 

Simple, 

morphological 

data 

Subjective, no 

chemical ID 

[75,76] 

FTIR 

Spectroscopy 
>10 μm 

Polymer 

identification 

Time-consuming, 

size limit 

[77] 

Raman 

Spectroscopy 
>1 μm 

High resolution, 

polymer ID 

Fluorescence 

interference 

[78] 

Py-GC-MS ng/g range 
Sensitive, 

quantitative 

Destructive, no 

morphology 

[79,80] 

SEM-EDS >1 μm 

Morphology, 

elemental 

analysis 

Limited polymer ID 

[81] 
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9. Regulatory Perspectives and Risk Assessment 

 

9.1 Current Regulatory Framework 

 

The governments of various countries have regulatory frameworks in the infantile phase of 

development regarding microplastic contamination of food, water, and consumer products. 

Personal care products containing microbeads have been banned in the jurisdictions of some 

jurisdictions, which form the first steps in regulation. However, no comprehensive regulations 

exist to control the amount of microplastics in drinking water, food products, or indoor/outdoor 

air. Although no safety levels have been defined, the European Food Safety Authority (EFSA) 

has recognised microplastics as a major concern and has started work on the risk assessment. 

Such efforts are currently being undertaken in other parts of the world, yet control efforts are 

hindered by the lack of knowledge with respect to the levels of exposure, toxicity, and dose-

response relationships. [82,83] 

 

9.2 Risk Assessment Challenges 

 

There are a few complications related to conducting an extensive risk assessment of 

microplastics. This is because microplastics are heterogeneous (they exist in various polymer 

types, sizes, shapes, and additives), and thus, they cannot be measured singularly. An old 

paradigm of toxicology centred upon chemical toxicity might not be very useful in 

understanding the effects that particles cause.[84] There are other complexities in determining 

the relevant exposure situations, choosing the right animal models, and extrapolating the 

findings to the human population. The fact that there may exist low doses and lifetime 

exposures with a long-term effect necessitates long-term studies, which are resource-intensive 

and time-consuming. Also, contact between microplastics and co-contaminants (adsorbed 

chemicals, biological agents) makes it difficult to characterise the hazards.[85] 

 

9.3 Precautionary Approaches 

 

Given the significant uncertainty surrounding the long-term health effects, it is justifiable to 

implement precautionary measures to reduce exposure. Strategies comprise the task of 

lowering single-use plastics, enhancing waste management and recycling frameworks, 

producing biodegradable substitutes, filtering microplastics in drinking water system sources, 

and raising awareness of consumers on the best fit of sources of exposure. [86,87] Public health 

agencies especially advise precautionary measures for vulnerable groups. The industry should 

mobilize to prevent the release of microplastics from textiles, tires, and other products. 

Effective mitigation requires a multi-stakeholder approach to regulation, industry, researchers, 

and civil society.[88] 
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10. Conclusions and Future Directions 

 

10.1 Summary of Key Findings 

 

The reviewed evidence shows that exposure to microplastics can have plausible risks for human 

health in various organ systems. The main preliminaries include (1) ubiquitous human exposure 

to microplastics happening by ingestion, inhalation, and possibly dermal paths; (2) the 

capability of microplastics to cause cellular toxicity by producing oxidative stress, 

inflammation, membrane disruption, and genotoxicity; (3) accumulation in essential body 

organs such as those of the lungs, liver, kidney and brain; (4) pathophysiological effects on the 

gastrointestinal, respiratory, and cardiovascular. 

 

10.2 Knowledge Gaps and Research Priorities 

 

Despite growing research attention, substantial knowledge gaps remain. Priority areas for 

future investigation include: 

1. Human epidemiological research: Studies should be done in large prospective cohort studies 

to determine the relationship between exposure to microplastics and health in human 

populations. 

2. Dose-response correlations: the definitive establishment of threshold values for adverse 

effects and the determination of health guidance values. 

3. Long-term health effects: Evaluation of the damage of chronic and lifetime exposures, such 

as cancer risk, neurodegenerative disease, and reproductive effects. 

4. Vulnerable populations: Specialized research on infants, children, and pregnant women to 

define the risk at the most critical development stages. 

5. Mechanistic insights: The explanation of molecular processes that mediate the toxicity of 

microplastics to establish possible therapeutic sites. 

6. Mixture toxicity: Investigation of the effects of microplastic-adsorbed chemical agonists 

when combined with microplastics that contain adsorbed chemicals and biological 

contaminants. 

7. Standardisation: Formulation of standardised protocols of exposure assessment, analytical 

detection, and toxicity testing. 

8. Mitigation measures: Intervention assessment to diminish the exposure and effectiveness of 

removal technologies. 

 

10.3 Public Health Implications 

 

The ubiquitous character of the microplastic contamination and the increasing evidence of the 

health risk require concerted efforts for the population's health. Although the exact cause of 

human disease from environmental microplastic exposure has not yet been established, the 

biological plausibility of harm, existing evidence from experimental research, and the presence 

of microplastics in human tissues provide sufficient reasons to take precautionary action. Public 

health intervention must focus on minimising exposure, especially to the vulnerable segments; 
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further monitoring of the level of environmental and human contamination; and research to 

provide knowledge on how to make evidence-based policies. 

 

10.4 Concluding Remarks 

 

The microplastics can be discussed as a new category of environmental pollutants with the 

possibility of large-scale exposure of the whole population and negative health consequences 

of microplastic presence. The nature of microplastic pollution and its versatility, both in terms 

of the types of polymer, particle sizes, and chemical compositions, pose some special 

difficulties to the risk assessment and management process. Increasing evidence, although 

largely based on in vitro and animal research, suggests a sound reason to be concerned about 

the consequences of such activity on human health. The fact that microplastics are in human 

blood, organs, and tissues proves the exposure that is associated with internal dosage. The 

concept of health risk will keep on changing as the ability to analyse and epidemiological 

studies becomes more elaborate. In the meantime, active precautions in the reduction of the 

production, release, and exposure to microplastics are considered wise methods of safeguarding 

human health in the context of this emerging threat. The issue of microplastics finally needs 

systemic solutions for the whole lifecycle of plastic materials, including production and 

utilisation as well as disposal and environmental destiny. 

 

Key Takeaway Messages 

➢ Microplastics are ubiquitous and have proven to be environmental contaminants that 

humans have encountered. 

➢ Various biological processes suggest the possibility of having negative health outcomes. 

➢  Multi-organ toxicity and neuro-threats have been proven through experimental evidence. 

➢ We should prioritise vulnerable groups and ensure their safety. 

➢ We urgently require standardised techniques and human epidemiological information. 

➢ Precautionary steps of exposure reduction can be justified by existing evidence. 
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