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Abstract.Global plastics production reached 368 million metric tons in 2019. 
Exceptional properties, such as low cost, lightweight, high strength and 
durability, make plastics suitable for manufacture on a wide range of useful 
products and industrial materials. But in the last decades, plastics have 
become the most dominant form of terrestrial and aquatic waste with 
devastating environmental consequences. It has been estimated that at least 
5 trillion plastic particles weighing above 268,000 tons have been discarded 
into the oceans. The UNEP estimated 4.8ï12.7 million metric tonnes of plastic 
are introduced to the oceans annually (2017).  However, the high demand and 
inappropriate disposal of plastic materials have led to their dispersion and 
accumulation in the natural environment. During the COVID-19 pandemic, the 
worldwide production and disposal of plastic face masks and other medical 
materials have added to the vast thrown away waste. with most important 
sources in big citiesô municipal waste. Once plastic debris go into the 
terrestraial, marine and ocean environment, they break down into 
microplastics (<5mm) by photolytic, mechanical and biological degradation. 
Further, there is additional fragmentation from larger to smaller size 
nanoplastics (< 25 Õm) accumulating continuously in the marine environment 
and in tissues of marine species. Micro- and nanoplastics pollution has been a 
cause of concern among toxicologists for their risk potential for filter feeders 
consuming plastic waste. Plastic fragments are persistent and due to their 
micron sized particle are mistaken as food and ingested by a range of marine 
biota (corals, zooplanktons, sea urchins, lobsters, mussels, fish, etc) and 
ultimately get transferred to higher trophic levels. ɀicro- and nanoplastics  
(MNPs) are increasingly found in the human food system with potential to 
cause harmful metabolic effects to human health.  Toxicologists and risk 
assessment specialists try to estimate the toxicological impact on human 
health, although it is difficult to assert and scientists suggest that there is 
urgent task for further research. This review presents a large number of 
toxicological risk assessment studies from exposure to MNPs through in vitro 
(cell cultures) and in vivo experiments (rats, mice, etc) used in toxicological 
investigations. Knowledge of direct human health implications are lacking. 
Epidemiological risk assessment is focusing on inflammation, oxidative stress 
and other cytotoxic effects at realistic environment concentrations of plastics, 
but  accurate risk to human health is difficult to validate. 

mailto:valavanidis@chem.uoa.gr
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Introduction:  The global plastic pollution crisis 

 

Global plastics production was 368 million metric tons in 2019. Global 

trade in plastics tops a $1 trillion each year, or 5% of total merchandise trade. 

Plastic pollution in the last decades became a pervasive and growing 

environmental problem and plastic waste is found throughout the oceans, in 

lakes and rivers, in soils, sediments, in the atmosphere, in the indoor 

environment, and in animal biomass [https://www.statista.com/statistics/ 

282732/global-production-of-plastics-since-1950/].   

It is well known that plastics are very versatile and have many valuable 

uses replacing many other raw materials in the last decades. Modern 

societies, have become addicted extensively to single-use or disposable 

plastic (a situation that led to a throw-away culture) with severe amounts of 

plastic waste and adverse environmental consequences. For example, around 

the world one million plastic drinking bottles are purchased every minute and 

the majority is thrown away, while 5 trillion single-use plastic bags are used 

worldwide every year.1,2,3,4 

 

 
Figure 1. It is estimated that every year, nearly 10-12 billion metric tonnes of 
plastic waste pollute the planet. The polyethylene (PE), is often used in 
packaging, water bottles and grocery bags, and may take many centuries to 
decompose.  Plastic is cheaper and easier to produce and throw away than it 
is to recycle. Products made from recycled plastics often possess inferior 
properties and breaking plastics down to their original building blocks requires 
a lot of energy. Now novel techniques can break down the most commonly 
used form of plastic and synthesize other valuable polymer materials. 

https://www.statista.com/statistics/%20282732/global-production-of-plastics-since-1950/
https://www.statista.com/statistics/%20282732/global-production-of-plastics-since-1950/
https://www.statista.com/statistics/%20282732/global-production-of-plastics-since-1950/
https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.9b06635
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Figure 2.  Worldwide million plastic drinking bottles, plastic bags and other 
plastic materials are thrown away every day. It is estimated that 5 trillion 
single-use plastic bags are used worldwide every year polluting vast areas of 
waterways, endangering marine life and the natural environment. 
Microplastics, less than 5 mm in length, is the results of fragmentation with 
time and are found in the terrestrial and marine  environment  in massive and 
excessive amounts and in great depth of the oceans. 
 

 

Waste management systems all over the world do not have sufficient 

capacity at the global level to safely dispose or recycle plastic waste, resulting 

in an inevitable increase in plastic pollution and accumulation of toxic waste in 

terrestrial and aquatic environments. In the first decade of the 21st century, 

the chemical industry produced more plastic than all the plastic in history up to 

the year 2000. And every year, billions of kilograms of more plastic end up in 

the world's oceans. Studies estimate there are now 15ï51 trillion pieces of 

plastic in the world's oceans ð from the equator to the poles. [Biological 

Diversity, Oceans Plastic Pollution, https://www.biologicaldiversity.org/ 

campaigns/ocean_plastics/ ]. It is estimated that 1.15 to 2.41 million tonnes of 

plastic are entering the ocean each year from rivers. More than half of this 

plastic is less dense than the water, meaning that it will not sink once it 

encounters the sea and is floating on the surface 

[https://theoceancleanup.com/great-pacific-garbage-patch/].5,6 

 

https://www.biologicaldiversity.org/
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Figure 3. Urbanization and population growth contributed to plastic pollution 
since plastic food packaging and widespread use of plastic items at home and 
in industry replace many other materials. Plastics now are about 80% of the 
municipal waste. Cheapness, easy availability and reckless disposal after use 
contributed to widespread pollution by plastics: Plastic production has tripled 
in recent decades with the rising demands of the consumers.  

 

Waste management systems all over the world do not have sufficient 

capacity at the global level to safely dispose or recycle plastic waste, resulting 

in an inevitable increase in plastic pollution and accumulation of toxic waste in 

terrestrial and aquatic environments. In the first decade of the 21st century, 

the chemical industry produced more plastic than all the plastic in history up to 

the year 2000. And every year, billions of kilograms of more plastic end up in 

the world's oceans. Studies estimate there are now 15ï51 trillion pieces of 

plastic in the world's oceans ð from the equator to the poles. [Biological 

Diversity, Oceans Plastic Pollution, https://www.biologicaldiversity.org/ 

campaigns/ocean_plastics/]. It is estimated that 1.15 to 2.41 million tonnes of 

plastic are entering the ocean each year from rivers. More than half of this 

plastic is less dense than the water, meaning that it will not sink once it 

encounters the sea and is floating on the surface 

[https://theoceancleanup.com/great-pacific-garbage-patch/].5,6 

https://www.jatinverma.org/urbanization-and-environmental-degradation/
https://www.biologicaldiversity.org/
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Studies estimated that ~8 million metric tons (Mt) of macroplastic 

(fragmentation with time) and 1.5 Mt of primary microplastic (primary 

microplastics are tiny plastic particles designed for commercial use, such as 

cosmetics and microfibers shed from clothing) enter the Earthôs oceans 

annually. Comparable estimates for terrestrial plastic pollution have yet to be 

quantified. If plastic waste generation continues to grow at current rates, the 

annual mass of mismanaged waste has been projected to more than double 

by 2050.  Despite the magnitude of these flows, the efficacy and economic 

costs of global solutions proposed to solve the plastic waste problem, that is 

the uncontrolled release of plastic waste into the Earthôs environment resulting 

from ineffective management, remain unknown.7 

A growing body of evidence points to a broad range of detrimental 

environmental effects of plastic pollution. Nearly 700 marine species and 

more than 50 freshwater species are known to have ingested or become 

entangled in plastic and there is growing evidence that small pieces of plastic 

(microplastics, nanoplastics) are ingested by a wide range of terrestrial 

organisms and aquatic species.7,8,9  

Also, plastic pollution affects many aspects of urban environment and 

human well-being. The accumulation of plastic waste in urban areas, 

especially in beaches has reached critical level and in addition to negative 

visual effects debasing the tourist industry. Plastic waste is blocking the 

drainage and wastewater engineering systems (plastic carry bags and plastic 

bottles clog the drains causing to overflow of waste water on the roads) [The 

Hindu, 2017, https://www.thehindu.com/news/cities/Tiruchirapalli/Plastic-

waste-clogs-city-canals-and-open-drains/article17292675.ece] and providing 

a breeding ground for disease vectors (infectious pathogens) and 

accumulation of toxic substances.10.11 

The lower-bound estimate of the economic impact on costs of plastic 

pollution to fishing, tourism, and shipping have been estimated at $13 billion 

annually. 12   There are many research papers demonstrating that ingestion of 

microplastics by aquatic species (size smaller than <5 mm) across trophic 

levels is widespread and at all depths of the ocean, as well as in most 

terrestrial organisms and terrestrial ecosystems.13,14,15,16  

https://www.thehindu.com/news/cities/Tiruchirapalli/Plastic-waste-clogs-city-canals-and-open-drains/article17292675.ece
https://www.thehindu.com/news/cities/Tiruchirapalli/Plastic-waste-clogs-city-canals-and-open-drains/article17292675.ece
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Microplastics (1ɛm =10-6 m) are also increasingly found in the human 

food system, although their impacts on human health are difficult to assert 

and require further research. There are primary microplastics (originally 

manufactured to be that size) and secondary microplastics that are 

degradation products of plastic materials from larger items. Primary sources 

include plastic powders in molding, microbeads in cosmetic formulations, and 

plastic nanoparticles in a variety of industrial processes. Secondary 

microplastics originate from the fragmentation and weathering of larger plastic 

items. This can happen during the life cycle of plastic products such as 

textiles, tires, etc. Microplastic contamination of marine and freshwater 

organisms occurs worldwide because they are highly persistent in the 

environment, Inevitably, humans ingest microplastics because  they are at the 

end of the food chain. Ingestion of water contaminated with microplastics is 

the main exposure route for several marine and freshwater species. Recent 

research has concluded that microplastic ingestion has been observed in 

fishes, bivalves, and crustaceans. 17,18 

 

 

Microplastics (<5 mm) 

 

Nanoplastics(<100 nm) 

Figure 4. Nanoplastics can originate from engineered material or can be 
produced during fragmentation of microplastic debris. Microplastics range 
from 0.1 to 5,000 ɛm and nanoplastics from approximately 1 to 100 nm 
(0.001ï0.1 ɛm). There is no legislation for microplastics and nanoplastics as 
contaminants in food. 
 

Plastic Nanoparticles (NPs) [1nm = 1X10-9] are substances with 

diameter not exceeding 100 nm (1-100 mm, 0.001ï0.1 ɛm), Thousands of 

tonnes of plastic nanoparticles (NPs) are discharged into the water bodies 

each year, with marine ecosystems as their final destination. The presence of 
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NPs in these systems represents a pressing need to assess their risks to 

marine organisms. Until now studies for risk of NPs) on marine biota are 

limited, as well as those performed under environmentally relevant conditions. 

This scarcity is mainly related with limitations driven by the physicochemical 

properties of NPs that will determine their behaviour and bioavailability. The 

available information on the toxic potential of NPs to marine organisms, points 

to a wide range, and sometimes contrasting, sub-lethal effects (e.g., oxidative 

stress, metabolic impairment, genotoxicty and reprotoxicity), depending on the 

tested concentrations and exposure pathways.  

 
Adverse health effects from environmental contamination of 
micro- and nano- plastics 
 

Micro- and Nanoplastic particles (MNPs) can be detected in both 

marine and terrestrial ecosystems worldwide. Additionally, MNPs can be 

ingested and accumulated by animals along the food chain. The scientific 

literature provides evidence for the harmful health impacts of MNPs on 

marine and freshwater animals. Also, recent studies found MPs in human 

stool samples, suggesting that humans are exposed to MPs through food 

and/or drinking water. However, the effect of MNPs on human health has 

limited research studies because there are extremely low concentrations in 

human tissues and very low toxicity potential with no positive indications of 

metabolic or oxidative stress harm. Toxicological experiments are contacted 

mostly in laboratory animals (in vivo) using high concentrations to reduce 

time of toxicological damage in tissues. 

 In addition to the MNPs themselves, these tiny plastic particles can 

release plastic additives, plastisizers, metals and/or adsorb other toxic 

environmental chemicals, many of which have been shown to exhibit 

endocrine disrupting and other toxic effects. But researchers studying the 

adverse effects concluded that more studies are necessary to provide a 

comprehensive understanding of MNP pollution hazards and also provide a 

basis for the subsequent pollution management and control to reduce the 

toxic long-term effects to humans.19 
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Most toxicological studies focused on experimental animals. Many 

recent analytical research studies detected MNPs  worldwide, in both marine 

and terrestrial ecosystems including oceans, rivers, air, drinking water, 

sediments, and food.20,21,22 Toxicological studies showed that exposure of 

micro- and nano-particles of plastic can cause reproductive toxicity in 

oysters.23 While other toxicological research have proved liver toxicity in 

zebrafish by plastic polystyrene microplastics.24 Other toxicity studies 

investigating tissue bioaccumulation and potential organ toxicities in mice by 

polystyrene microplastics in gut barrier, microbiota and metabolism in 

laboratory mice and rats. Toxicological experiments in vivo are normally 

conducted with high concentrations of pollutants, much higher that 

environmental measurements, to give ñpositiveò cytotoxicity results.25,26       

 

How toxic are polymers and their synthetic plastic materials? 

Plastics represent a wide range of synthetic or semi-synthetic 

polymerized monomers as a main ingredient. Polymers as such are not as 

toxic to humans, except during the industrial processes.  But when cut, 

heated, or manipulated, polymers and their byproducts can release 

dangerous dust and vapours.  Due to their large molecular size and compact 

chemical structure, polymers are usually considered to be biochemically inert 

and not posing threat to environment. But weathering of waste and releasing 

chemical additives (added to improve properties) increase cytotoxicity. 

Polymers are the main ingredient in plastic, resins, paints, insulating 

composites, cosmetics, personal care products and a multitude of other 

commercial products. Various chemical additives are added to improve 

flexibility, colour, resistance to fire, and other desirable properties. Although 

plastic pollution is widespread, the plastics Industry has avoided regulation by 

claiming polymers are neutral and have large cross-linked molecules very 

difficult to cross human organ membranes and cells. But scientists have found 

that plastics break down into very small size particles that can be indentified 

(microscopy) in human placentas and accumulating in the brain, liver and 

kidneys of lab animals. Although health risks form plastics has been hindered 

for years, experts think that all polymers could be potentially hazardous for 

https://www.sciencedirect.com/science/article/pii/S0160412020322297
https://science.sciencemag.org/content/371/6530/672.full
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human health or the environment. Polymer toxicity is not yet well understood, 

but recent peer reviewed studies suggest polymers may produce 

inflammatory responses that lead to cell toxicity.27  

 

Figure 5. Polymers with tailoring properties has led to their wide utilization in 
various materials and  large number of industrial applications. Continuous and 
accelerated production contributed to the vast dispersal of plastic waste into 
the terrestrial, fresh water and marine ecosystem further aggravatin polluted 
environments. Fragmentation to smaller pieces increase food contamination.  
Microplastics are highly bioavailable to marine organisms, through direct 
ingestion and by trophic transfer from contaminated prey.   
 
 

Toxicity of microplastics by various routes of exposure 
 

Conventional quantitative toxicity studies estimate adverse effects (in 

experimental animals) by using certain routes of exposure because toxicities 

differ. The animal body (and equivalent human body exposures) is exposed to 

microplastics through ingestion of contaminated  food contaminated, 

inhalation of airborne microplastics in the atmosphere and/or by dermal 

contact of plastic particles, contained in products, textiles and in dusts.  These 

are the most important toxicological routes and research concentrated in 

analyzing quantitative adverse health effects.28,29 

Ingestion is the most important exposure route of MNPs 

 
Ingestion is considered the major route of human exposure to 

microplastics and nanoplastics (MNPs).29   The consumption of food items 

contaminated by microplastics is a very important toxicological route. Based 

https://www.sciencedirect.com/science/article/abs/pii/S0048969719344468
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on the consumption of foodstuff, the estimated intake of microplastics is 

39,000ï52,000 particlesper person per year. This amount is very small, in 

micrograms [1 ɛg = 0.001 mg, milligrams, 1 ɛg = 1Ĭ10ī6 g, of a gram)]. 30  

Microplastic particles are very small and in weight of micrograms 

(ɛg) are found in food, indoor air, textiles (synthetic fibers) and in drinking 

water (from the tap or from the bottle). A recent research review (2019) 

calculated that the average American eats, drinks, and breathes in more 

than 74,000 microplastic particles every year. Despite the high number of 

microplastics, the amount is extremely small and because of its neutral 

composition can be of very low potential toxicity. 31   

Plastic particles can reach the gastrointestinal system through 

contaminated foodstuff or through the mucociliary clearance after inhalation, 

leading to inflammatory response, increased permeability, and changes in 

gut microbe composition and metabolism.32 The extensive pollution of the 

marine environment by microplastics  inevitably contaminates mussels and 

fish. Analytical scientists performed very accurate determination of 

microplastics in marine food items, such as mussels and fish.33,34  

 

Figure 6. The most likely risk to human gastrointestinal health would arise 
from ingestion of microplastics with food. There are multiple scientific studies 
of microplastic ingestion by aquatic life, including vertebrate fish and shellfish. 
Laboratory studies have clearly shown that microplastics can accumulate in 
the gastrointestinal tract in vertebrate fish, although these studies used much 
higher concentrations of microplastic than are routinely found in the 
environment. However, given that the gastrointestinal tracts of fish are rarely 
eaten by humans, this is probably a limited source of microplastics. There are 
several potential mechanisms by which microplastics could be taken up from 
the human gastrointestinal tract to tissues.  [https://www.thelancet.com 
/journals/langas/article/PIIS2468-1253(19)30352-8/fulltext]. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/foodstuff
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/micro-organism
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Microplastics have been found in common items of food, so ingestion is 

an important route for the human body. For example, they have been 

detected and measured in table salt (a study estimated that is around 37-100 

microplastics per person per year in European countries), sugar and bottled 

drinking water.35,36,37   

 Mussels are also a common type of food in many European countries 

and consumption of bivalves in Europe remains very high every year. A study 

in 2014 estimated that Europeans are exposed (ingestion) through the 

consumption of bivalves (mussels) with around 11,000 microplastics per 

person per year.38  Chinese people are known that add large amounts of salt 

on their Chinese food items (meat, poultry, vegetables). An analytical study 

estimated that Chinese consume relatively large amounts of microplastics 

with their food due to the additional presence of salt.39   

 But there are also scientific arguments for other routes of exposure. 

Other scientists suggest that people ingest more microplastics from the 

environmental dusts (floating in the air) that settles on the foot plates during 

the mealtime.40   Also, other researchers highlight the fact that consumer are 

exposed every day to microplastic particles (dusts) from plastic items at 

home, in offices and industry (items of packaging, synthetic textiles, plastic 

containers of food and water, textiles, carpets, paints, etc). Common 

microplastic particles are airborne and can be found at indoor air (home and 

in the occupational environment) at much higher concentrations, compared to 

micro- and nanoplastics in consumed food.41 

Researchers emphasized that human exposure to microplastics and 

nanoplastics are in extremely small amounts and their toxicological 

importance through ingestion is relatively difficult to define because they are 

excreted quickly with human stools. A study found 9 different types of plastics 

in human stools, in particles of sizes ranging from 50 to 500 micrometres 

(ɛm). Polypropylene and PolyEthylene Terephthalate (PET, widely used to 

make plastic water bottles.) were the plastics most commonly found. On 

average, 20 particles of microplastic (size, >5mm) were found in each 10g of 

excreta. [Guardian, 2.10.2018, https://www.theguardian.com/ environment/ 

2018/oct/22/microplastics-found-in-human-stools-for-the-first-time]. 42 

https://www.theguardian.com/
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 Toxicologists suggest that the risk of ingesting microplastics is not 

known since little research has been conducted on estimating the overall 

human exposure and its effects in real terms. Most studies until now are 

directed to experimental animals where exposure and adverse effects can be 

quantitatively controlled and their toxicity can be estimated in biological 

tissues or metabolic processes. 

Seafood (mussels, fish) is a potential source of microplastic particulate 

contaminants. Micro- and nanoplastic particles and fibers are found in over 

20% of individual shellfish and the gastrointestinal (GI) tracts of fish. The 

ingestion of microplastics by fish and shellfish has been demonstrated in 

several studies.43,44,45,46,47 

Two extensive reviews of toxic microplastics detected in the aquatic 

environment and their potential hazards or adverse health effects in the 

aquatic species and through seafood (fish, mussels) consumed by humans, 

can be found in ResearchGate (March 2019, under the name Athanasios 

Valavanidis).48,49 

 

Inhalation is another very important route of exposure 
 
Microplastics particles are released to the air by numerous sources, 

including synthetic textiles, plastic part of vehicles, household items, plastic 

commercial packaging, furniture, abrasion of materials (e.g. car tires, paints in 

buildings) and resuspension of microplastics in surfaces. One of the first 

determinations of microplastics in the air refers to outdoor concentrations of 

0.3ï1.5 particles mī3 and indoor concentrations of 0.4ï56.5 particles mī3 (33% 

of polymers), including inhalable sizes.50  

A normal working person has an individual inhalation which has been 

estimated to be 26ï130 airborne microplastics dayī1. 51   An experimental; 

study performed air sampling using a mannequin, and estimated that a male 

person with light activity inhales 272 microplastics  per day (researchers use 

number that the amount  in g which is very small, probably in nanograms, 10-9 

g per day. Some scientists suggested that every year a person is exposed to 

a small teaspoon of plastic (or a ñpinch of saltò every day). 52  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/car-tyre
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/resuspension
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Most existing analytical literature counted numbers of individual 

microplastic particles rather than weighing the plastic. The researchers 

couldnôt come up with a more precise measurement than the number of 

particles. This means they donôt know whether their estimate of ingested 

microparticles each year amount to a small teaspoon of plastic, or very little 

amounts like few particles covering the tip of the finger (few mg). 

 

Figure 7. Human lungs are protected by a series of defense mechanisms in 
different regions of the respiratory tract because they are exposed to 
breathable dusts, small particles and fibers. They have a mucociliary 
clearance system that can clear lungs from excessive inhalation of dust 
causing pulmonary oxidative stress and other diseases. When a person 
breathes in, particles suspended in the air enter the nose, but not all of them 
reach the lungs. The nose is an efficient filter. Most large particles are 
stopped in it, until they are removed mechanically by blowing the nose or 
sneezing. Some of the smaller particles succeed in passing through the nose 
to reach the windpipe and the dividing air tubes and finally reaching bronchi 
and alveoli when exchange of O2 (oxygen) and CO2 is taking place. 

 

Different estimations of annual plastic consumption are dependent on 

sampling methodologies as well as space use factors, such as cleaning 

schedule, activities, furniture materials and season. Particle properties, such 

as size and density, will influence their inhaled deposition on the respiratory 

system, with less dense and smaller particles reaching deeper in the lungs. 

After deposition, clearance by macrophages or migration to the circulation 

or lymphatic system may lead to particle translocation. However, the large 

surface area of small particles in the respiratory system may induce an 

intense release of chemotactic factors that prevent macrophage migration and 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/lymphatic-system
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increase permeability leading to chronic inflammation, known as dust 

overload. In the past, adverse respiratory effects by very small particles 

(extremely small particles are airborn and referred by some scientists as 

superfine or ultrafine particles having various chemical and physical 

characteristics and are not specifically micro- or nano- plastics).53 

Studies of inhalation with polystyrene  nanospheres (size 64 nm) lead 

to neutrophil influx and inflammation in ratôs lungs and proinflammatory gene 

expression in epithelial cells, due to the confirmed high oxidant activity caused 

by the large surface area.54  An investigation with  in vitro exposure to 

polyvinyl chloride polymers [PVC, size 2 Õm, produced by emulsion 

polymerization] induced significant cytotoxicity in rats and human pulmonary 

cells and hemolysis (breakdown of red blood cells, containing oxygen-carrying 

pigment hemoglobin which is freed into the surrounding medium).54  

Plastic airborne particles circulate in the working environment and 

indoor house and office environments. The highest concentrations inevitably 

are found in the plastic industry and toxicological studies are concerned with 

workers breathing daily plastic fibers and particles. Respiratory symptoms 

associated with the development of airway and interstitial lung disease are 

found in occupational exposure to airborne microplastics in workers of the 

synthetic textile, plastic items (flock industries manufacturing sells flocked 

textiles, felt, velour, velvet, suede) and polyvinyl chloride (PVC) industries, 

with lesions successfully replicated in vivo.55,56,57   

Lung biopsies in occupational environments of the plastic industry have 

found high concentrations of airborne microplastics that can potentially cause 

lesions in the respiratory system.58 
  Fibers of 250 Õm (x10-6) have also been 

detected in human lung biopsies, including in cancer biopsies even though causation 

has not yet been proven. Thus, it is likely that under conditions of high concentration 

or high individual susceptibility, airborne cellulogic fibrous  microplastics could cause 

lesions to the respiratory system.59 

 A review in 2014 examined a large number of scientific papers and 

reports on the environmental pollution by nanomaterials which have been 

introduced in cosmetics and other highly specialized technological 

applications.  Some researchers examined the environmental problems but 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/neutrophil
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polyvinyl-chloride
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/hemolysis
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/interstitials
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also their adverse health effects in humans coming into contact with 

nanomaterials in the occupational environment.60 

Another route of exposure: Dermal contact 

 
The third route to MNPs is dermal contact. Although dermal contact of 

microplastic is considered a less significant route of exposure, it has been 

speculated that extremely small nanoplastics (<100 nm) could transverse the 

dermal barrier .61 

 This route is more often associated with the exposure 

to monomers and additives of plastics. Many studies in the past decade 

focused on the additives Bisphenol A and phthalates from widely used 

plastics because of their weak endocrine disrupting properties. The results of 

investigations have shown that BPA can migrate from polycarbonates (PC) 

during diffusion and hydrolysis of polymers; nevertheless, diffusion has 

significantly lower effect on BPA releasing from PC. 62  

 

Bisphenol A (BPA) 

 

Phthalates 

Figure 8.  BPA exhibits very low acute toxicity as indicated by its LD50 of 4 
g/kg (mouse). The BPA exhibited weak estrogen-like properties. The FDA's 
National Center for Toxicology Research conducted its own research studies. 
In rodent studies, the amount of BPA passed from the mother to the unborn 
offspring after oral administration was found to be insignificant. The BPA 
administration dose for the rodents was 100-1000 times higher than human 
exposure.  Phthalate esters, are esters of phthalic acid. They are mainly used 
as plasticizers, to increase plastic flexibility, transparency, durability, and 
longevity [primarily to soften polyvinyl chloride (PVC)]. 

 

 BPA exhibits endoctine disrupting properties. Nonetheless, the 

possibility that nanoplastics can cross the dermal barrier and cause toxicity 

should not be abandoned without proof. In medicine, plastics are known to 

induce low inflammatory reactions and a foreign body reaction, with 

fibrous encapsulation. Toxicological studies in vivo (mice) subcutaneous 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/monomer
https://en.wikipedia.org/wiki/LD50
https://en.wikipedia.org/wiki/Ester
https://en.wikipedia.org/wiki/Phthalic_acid
https://en.wikipedia.org/wiki/Plasticizer
https://en.wikipedia.org/wiki/Polyvinyl_chloride
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/encapsulation
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introduction of <10 mm plastics disks revealed that, after 98 days, 

polyethylene disks induced encapsulation with minimum inflammation 

whereas polyvinyl chloride (PVC) containing organo-tin or plasticizers induced 

encapsulation with inflammatory infiltrate and moderate degeneration and 

necrosis, possibly due to leachate toxicity.63 

 Even though micro- and nanoplastics could also induce inflammation 

and foreign body reactions, differences in surface properties could also lead 

to distinct outcomes. Human epithelial cells suffer oxidative stress from 

exposure to micro and nanoplastics as well.64   

Scientists suggest that widespread dermal exposure to plastic particles 

(dust, fibers, microbeads, etc) can be potentially toxic to the human skin. 

 

Harmful pathways of exposure to microplastics 

 
Microplastics and nanoplastics (MNPs) are now seen by scientists as 

potentially harmful to organisms depending on exposure and susceptibility, 

through the analysis of toxicological results in the last decade. Research 

showed that the high surface area of microplastics may lead to oxidative 

stress, cytotoxicity and translocation to other tissues, while their persistent 

nature limits their removal from the biological organism, leading to chronic 

inflammation.    Also, MNPs by ingestion or inhalation may be involved in the 

increasing incidence of immune or neurodegenerative diseases. Furthermore, 

microplastics may release chemicals, from their matrixes or pollutants 

adsorbed from the aquatic environment.65,66 

Oxidative stress and cytotoxicity by microplastics 

 
 Microplastics because of their high surface area can release oxidizing 

agents (such as metals absorbed on their surface) which can cause  oxidative 

stress in biological tissues.  Also, MNPs can release reactive oxygen species 

(ROS) and organic free radicals which can cause oxidative stress.  

Micro- and nanoplastics generate ROS but weathering process 

significantly reduced the Reactive Oxygen Species (ROS) generation 

potential. The intrinsic ROS generation potential of microplastics showed a 

good correlation with the toxicity endpoints including cytotoxicity and pro-

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/plasticizer
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/oxidative-stress
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/oxidative-stress
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/oxidative-stress
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/oxidative-stress
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/reactive-oxygen-species
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inflammatory cytokines. A recent study (2021) showed that the toxic effects of 

microplastics tested through ROS was much less than that of nano-sized 

plastic particles.67 

   Ecotoxicological studies using various microplastics were performed in 

mice and in zebrafish  (Darioo rerio) to examine biomarkers of oxidative stress 

in these particular experimental animals. Results showed that microplastics 

have the potential to cause oxidative stress after high concentrations of 

exposure. Observed cytotoxicity by MNPs was the result of particle toxicity, 

oxidative stress and inflammation. Cellular internalization of microplastic has 

been described for Polystyrene (PS) in cell cultures, including macrophages 

and erythrocytes. 68,69  Polystyrene (PS) nanoparticles have been used in 

cytotoxicity studies  to  observe particle toxicity, oxidative stress and 

inflammation in intracellular structures, such as alveolar epithelium.70  In 

vitro testing has been able to show cytotoxicity caused by marine plastic 

debris which  were forming microplastic particles.71    In another study celebral 

and  epithelial human cells were exposed to 0.05ï10 mg Lī1 of PS  and  

Polyethylene (PE). These concentrations did not induce cytolysis but instead 

increased the generation of reactive oxygen species (ROS) to high 

concentrations, contributing to cytotoxicity.72   

Toxicological investigation with  exposure of macrophage and lung 

epithelial cell cultures to PS (microplastic size 60 Õm) resulted in generation of  

ROS and endoplasmic reticulum stress (caused by the aggregation of 

misfolded proteins) leading to autophagic cell death. These toxicological 

studies showed that cytotoxicity and oxidative stress are important 

mechanisms of micro- and nanoplastic materials.73  

 

Micro- and nanoplastics can induce disruption of energy 
homeostasis and metabolism 
 

In biology, energy homeostasis, or homeostatic control of energy 

balance, is a biological process that involves the coordinated homeostatic 

regulation of food intake (energy inflow) and energy expenditure (energy 

outflow).  For example, 50% of energy from glucose metabolism is 

immediately converted to heat.  Energy homeostasis is influenced by the 

balance between available energy (intake and reserves), and expenditure.  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polystyrene
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polyethylene
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polyethylene
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polyethylene
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/endoplasmic-reticulum
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/homeostasis
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Several studies have shown that microplastics may have impacts on 

energy homeostasis of biological organisms. For instance, microplastics may 

reduce energy intake by decreasing feeding activity (e.g. in marine worms, 

crabs and clams). 74   Also, other studies observed that microplastics can 

reduce predatory performance in marine species (fish), scientists suggested 

that this effect is possibly the result of neurotoxicity.75 

 Other studies in mice showed the opposite phenomenon, microplastics 

increase food intake as a response to increasing energy demand or 

decreasing absorption efficiency.76  Additionally, in vivo observations showed 

that microplastic cytotoxicity may lead to negative energy balance due to 

increased energy consumption and inflammatory effects. Another toxicological 

research showed that ingestion of microplastics by crabs affected their food 

consumption and the energy balance of their metabolism.77,78  

 

Micro- and nanoplastics can disrupt immune function 

 

Researchers investigated the biological mechanisms underlying 

microplastics toxicity analyzing the effects of microplastics at transcriptomic, 

histological and behavioural level. Adult zebrafish (used widely in 

ecotoxicological studies) have been exposed to two concentrations of high-

density polyethylene (PE) and polystyrene (PS) microplastics for 20 days. 

Transcriptomic results indicate alterations in the expression of immune 

system genes and the down-regulation of genes correlated with epithelium 

integrity and lipid metabolism. Considering the transcriptomic and histological 

findings, researchers hypothesize that the effects on mucosal epithelium 

integrity and immune response could potentially reduce the organism defense 

against pathogens.79 

Many scientific experiments with microplastic particles indicated that 

they can cause local or systemic immune responses. In some cases 

environmental exposure to microplastics is enough to disrupt the immune 

function, favouring autoimmune diseases or immunosuppression.  

Experiments with mussels Mytilus spp. show immunosuppression and tissue 

dependent modulation of immune response after exposure to microplastics. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/immunosuppression
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But researchers suggested that further investigation of microplastic effects on 

the immune system of marine bivalve species are needed.80,81 

Micro- and nanoplastics can translocate to the circulatory 
system and distant tissues 

 

After exposure, microplastics may act locally or translocate, leading to 

exposure of distant tissues in marine organisms. Translocation is especially 

likely during inflammation, due to the increased permeability of epithelial 

barriers. Translocation of microplastics has been reported in rats after 

inhalation and ingestion of microplastics, reaching the circulation and distant 

tissues, such as the liver or spleen.82  

Microplastics in circulation could also reach the liver and kidney, 

responsible for the metabolism and excretion of xenobiotics.  The transolation 

in distant tissues, can have the potential to lead to adverse effects and 

especially to inflammation. For instance, when reaching the bone, PE and PS 

microparticles may be responsible for bone loss due to an increased activity 

of osteoclasts, the cells responsible for bone reabsorption.83 

Microplastics, neurotoxicity and neurodegenerative diseases 
 

 Neurotoxicity is connected exposure to neurodegenerative 

substances.  Given the global environmental pollution by plastics and 

exposure of humans and aquatic species to micro- and nano- plastics is 

inevitable that researchers to investigate the potential of neurotoxicological 

effects. Current evidence indicates that micro- and nanoplastics can be taken 

up by aquatic organism as well as by mammals and can reach the brain, 

although there is limited information regarding the number of particles that 

reaches the brain and the potential neurotoxicity of these small plastic 

particles. Additionally, exposure to micro- and nano- plastics can result in 

inhibition of acetylcholinesterase activity and altered neurotransmitter levels, 

which both may contribute to the reported behavioural changes. Currently, a 

systematic comparison of the neurotoxic effects of different plastic particle 

types, shapes, sizes at different exposure concentrations and durations is 

lacking, but urgently needed to further elucidate the neurotoxic hazard and 

risk of exposure to micro- and nano-  plastics.84 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/xenobiotics
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A number of studies have found that micro-  and nano- plastics in 

aquatic ecosystems have the potential for adverse health effects induced by 

their physical presence. MNPs can act as carrier of other various chemical 

contaminants, including metals, persistent organic pollutants (POP), 

antibiotics and pathogenic micro-organisms.85,86,87 

Polystyrene (PS) and polyethylene (PE) micro- and nanoplastics have 

been investigated in toxicological experiments for neurotoxic effects in 

invertebrates, nematodes, mussel bivalves and crustaceans. The nematode 

 Caenorhabditis elegans is  a typical have in toxicity studies    exposed to 5 

different sizes of spherical PS  microplastics (0.1 to 5ɛm). Results showed 

excitatory toxicity on locomotor behaviour, reduced survival rate and reduced 

average lifespan. Also,  expression of various neuronal genes was down-

regulated,  and oxidative stress appeared in the nematode. 88    Another 

toxicological experiment  exposed earthworms (Eisenia fetida) for up to 

28 days to artificial soil with low-density PE particles (100ï200ɛm; 0.1ï

1.5 g/kg soil) resulted in skin damage Exposure for 28 days to PE 

microparticles (1.0 g/kg soil). The results showed t increased Catalase activity 

and Malondialdehyde levels (signs of oxidative stress).89  Freshwater zebra 

mussel (Dreissena polymorpha) was exposed for 6 days in mixture of two 

different sizes of PS microbeads. The PS mixtures did not induce 

genotoxicity, but increased dopamine levels. The low dose PS mixture was 

able to increase Catalase activity and to decrease Glutathione peroxidase, 

suggestive for modest cellular oxidative stress.90 

Synthetic polymers have become essential part of human 
lives in the last century 

Over the last 100 years of human civilization, polymers have become 

exceptionally useful and essential part of materials useful for human lives. 

Synthetic polymers (plastics) have exceptional properties (strong, lightweight 

low cost, insulating and flexible), have replaced most other raw materials and 

their appliances changed many aspects of modern life. Plastics can be 

injection molded into any shape designers desire.  Despite growing 

environmental and safety problems, plastics are critical to modern life.and 

raised the standard of living and made material abundance more readily 
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available. Replacing natural materials with plastic has made many of human 

possessions cheaper, lighter, safer, and stronger. Since plastics have a 

valuable place in human lives, scientists are attempting to make plastics 

sustainable and safer by developing bioplastics, that are more 

environmentally friendly. [Science History Institute. History and Future of 

Plastics, https://www.sciencehistory.org/the-history-and-future-of-plastics ].  

Bioplastics, (different from bio-degradable plastics), are plastic 

materials made wholly or in part from biomass and renewable resources 

(sugarcane, corn starch, vegetable oil etc), are very different from plastic 

made from petrochemicals. Compared to conventional plastic, which 

degrades slowly, bioplastics have the advantage after use to be industrially 

composted or de-polymerised back to the original bioomaterial or even be 

converted into bio-fuel. But , bioplastics are more expensive and have inferior 

properties, not all are compostable or even completely biodegradable. The 

use of bioplastics can reduce greenhouse gas emissions. Bioplastics account 

for about 2% of the global plastics market. Global bioplastics production is 

expected to increase from 2.1 million tonnes in 2018 to 2.6 million tonnes in 

2023. Compared to the annual production capacity of 340 million tonnes of 

conventional plastics, the share of bioplastics in the global plastics market 

seems like a drop in the ocean. [Bioeconomy BW. Alternative bioplastics, 

https://www.biooekonomie-bw.de/en/articles/dossiers/the-alternative-

bioplastics   ] 

Also, plastics have contributed greatly to food security, improving 

packaging materials that increased shelf-life and reduced food waste. Also, 

helped maintain public health, reducing the spread of infectious diseases 

through single-use medical supplies, such as face-masks, syringes, and 

medical tubing. Plastics improve the safety and purity of medicinal drugs. 

Plastics replaced many metal alloys, wood and stone. Vast number of 

industrial materials (vehicles, aerospace, boats, construction, furniture, 

carpets, etc) are made now with exceptional properties from plastics. World 

War II necessitated a great expansion of the plastics industry in the USA and 

other developed countries.  The need to preserve scarce natural resources 

made the production of synthetic alternatives a priority. Plastics provided 

those substitutes. Example, Nylon, invented in 1935 and applied as synthetic 

https://www.sciencehistory.org/the-history-and-future-of-plastics
https://www.biooekonomie-bw.de/en/articles/dossiers/the-alternative-bioplastics
https://www.biooekonomie-bw.de/en/articles/dossiers/the-alternative-bioplastics


22 
 

silk during the war for parachutes, ropes, body armour, helmet liners, and 

more. Plexiglas provided an alternative to glass for aircraft and vehicular 

windows. Today, plastic industrial applications are countless and there is no 

industrial material without involvement of specialized plastic components  

[https://www.chemicalsafetyfacts.org/plastics/#uses-benefits].  

As a recent paper of toxicology of plastics mentioned, ñ 

é.Undoubtedly, plastics have changed human existence. These pervasive 

products are used in nearly every field of technological, biomedical, and 

domestic applicationò. At the same time, in the last decade consumer plastic 

waste disposal leading to plastic pollution in landfills, waterways, and oceans 

represents a worldwide environmental challenge. Accumulation and continued 

material fragmentation from micro- to nanoplastics has identified concerns 

pertaining to environmental and human exposures and toxicity. While many 

studies have focused on plastic particle fate and identification, the 

toxicological considerations must focus on the biological relevance of particle 

deposition within a particular organism, compartment, organ, and tissue. 

Further, concerns exist regarding the physical and chemical properties of the 

plastic particles (including additives, colour, flame retardant substances, etc) 

and during their production and/or degradation. 91 

 
Challenges and directions of toxicological research 
 

The extent of global plastics pollution and the contamination of marine 

species and food with micro- and nano-plastics have raised the interest  of 

both the European Commissionôs Science Advice by European 

Academies (Policy organ, SAPEA), and the World Health Organization 

(WHO). In 2019 both agencies published their reports on the evidence of 

health effects to humans. In these reports scientists   stated that very little 

published data is available regarding either exposure to, or the toxicity of 

micro- plastics and nano- plastics in humans. The reports acknowledge the 

current challenges facing scientists attempting to gather robust information 

and toxicological evidence. The SAPEA report states that óthe absence of 

evidence of microplastics risks currently does not allow one to conclude that 

risk is either present or absent with sufficient certainty. In this absence of 

https://www.chemicalsafetyfacts.org/plastics/#uses-benefits
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evidence, it is then surprising to find statements on SAPEAôs homepage that 

the final óverdictô of SAPEAôs Evidence Review Report is that óThe best 

available evidence suggests that microplastics and nanoplastics do not pose 

widespread risk to humans and the environmentô. Similarly, the WHO  

concludes that óhumans have ingested microplastics and other particles in the 

environment for decades with no related indication of adverse health 

effectsô and that there is óno evidence to indicate a human health 

concernô.92,93,94  

Humans are exposed to microplastics by inhalation, ingestion and 

dermal contact. All these exposures carry a toxicity potential leading mainly to 

chronic inflammatory lesions. The concentrations of human exposure to 

microplastics by the various activities of humans (occupational environment 

and indoor air) can be determined by estimations, such as those provided by 

ingestion of microplastics,31 and for the inhalation.51,52  

[31. Cox KD,  Covernton GA,  Davies HL, et al. Human consumption of microplastics. 
Environ Sci Technol 53 (12): 7068-7074, 2019; 51.Prata JC. Airborne microplastics: 
consequences to human health? Environ. Pollut., 234 : 115-126, 2018,; 52. 
A. Vianello, R.L. Jensen, L. Liu, et al.  Simulating human exposure  to indoor airborne 
microplastics using a breathing thermal manikin . Scientific   Reports 9: 8670, 2019]. 

 

Determination of human daily exposure to micro and nanoplastics  can 

be achieved, with higher precision, and adaptation of typical diagnostic 

procedures. Gastrointestinal exposure may be determined by analyzing stool 

samples, while bronchial lavages may provide information on the exposure to 

respiratory system. Biopsies, tissues obtained from autopsies and blood may 

be used in the histological determination of microplastics. Human health 

effects of microplastics may be determined by studies in animal models, such 

as mice or rats, or in cell cultures, also considering different endpoints.    

Currently there is no evidence of widespread human health risk from 

plastics. But researchers suggest that there is a need to understand human 

exposure, especially to smaller microplastics (<10 Õm) and nano- particles in 

the occupational and indoor environments. Researchers investigated 

modeling of polystyrene (PS) behaviour leading to the estimation of human 

threshold concentrations in the range of 5.1ï53.3 mg gī1 of body weight.   This 

corresponds to an estimated minimum human exposure to induce effects in 
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the most sensitive biomarkers of more than 7.7 g, considering the average 

human liver, or to 357 g, considering the average adult (70 kg), unlikely to 

occur. This conclusion is also supported by other reports, where ingestion of 

microplastics is put in perspective regarding environmental exposure to other 

(more abundant) additives and contaminants and the need for further 

research is stated based on the current lack of information for risk 

assessment (SAM, 2018, Group of Chief Scientific Advisors). Risk 

assessment is also being restricted by the complexity of 

microplastic toxicology.95,96 

Environmental researchers are aware that the widespread daily use of 

plastics will undoubtedly lead to human exposure to micro- and nano-plastics. 

Ingestion of contaminated food is considered as the most important exposure 

routes. Regarding food safety, microplastics are now considered significant 

food contaminants and are considered as foreign bodies, being controlled in 

the European Union by the European Commission's Rapid Alert System for 

Food and Feed (RASFF) and the European Food Safety Authority (EFSA).97 

In this general review, we present recent scientific papers and 

systematic reviews on scientific research of human exposure to microplastics 

and potential adverse health effects.  

A review paper (2018) collected results from a number of research 

investigations considering the totality of research findings on microplastics. All 

evidence showed that shellfish and other marine organisms consumed by 

human have the potential to expose the gastrointentinal tracts (GI) to 

microplastics because they are accumulated and retained in the GI. Studies 

showed that the toxicity associated with consuming microplastics is likely 

dependent on size, associated chemicals (and additives), and dose. However, 

collective understanding is limited regarding the sources, fate, exposure, 

bioavailability, and toxicity of microplastics and their associated chemicals in 

the marine environment. Current knowledge is mostly based on research 

conducted within the last decade. Although, studying toxicity of microplastics 

is growing they are not defined results on adverse health effects.98 

Another review (2020) investigated human exposure to microplastics 

through the ingestion of contaminated seafood and hazardous risks to human 

health. A number of studies were reviewed for microplastics and related 

https://www.sciencedirect.com/science/article/pii/S0048969719344468#b0400
https://www.sciencedirect.com/science/article/pii/S0048969719344468#b0215
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/toxicology
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xenobiotics, from global evidence for the impacts to commercial marine 

species and food security and its direct effects on human health. Scientists 

concluded that although microplastics in the marine environment and its 

effects on marine organisms have been well documented, more research is 

needed to completely understand the implications of microplastics to human 

health. The review concluded that for now, little is known about direct adverse 

effects on human health by microplastic pollution of seafood. 99  

Other scientists suggested that there is considerable complexity 

involved to understand health impact of microplastics due to different 

physicalïchemical properties that make microplastics multifaceted stressors. 

They consider that microplastics serve as vectors of transport of a cocktail of 

hazardous chemicals and to date, there is a considerable lack of knowledge 

on the major additives of concern that are used in the plastic industry, on their 

fate once microplastics dispose into the environment, and on their consequent 

effects on human health when associated with micro and nanoplastics. The 

current knowledge is limited and future research will better focus in 

toxicological  areas to fill knowledge gaps.100 

The most review (in the environmental journal Ambio, June, 2021, from 

Applied Ecology Research Group, School of Life Sciences, University of  

Cambridge, UK) summarises the latest findings in the field of microplastics, 

their persist in the human body, and what effect, if any, they are likely to have 

on human health. The reviewers, like the previous reviews,  suggested that  

definitive evidence linking microplastic consumption to human health is 

currently lacking, results from correlative studies in people exposed to high 

concentrations of microplastics, model animal and cell culture experiments, 

suggest that effects of microplastics could include provoking immune and 

stress responses and inducing reproductive and developmental toxicity. But, 

to establish scientific evidence further research is required to explore the 

potential implications of the ubiquitous plastic pollution, which can be 

established by rigorous toxicological and clinical studies. The review 

examined correlative research that linked inhalation of microplastic fibres to 

respiratory disease, inflammation and oxidative stress making inhalation of 

microfibres a key area of concern given the growing dominance of synthetic 

fibres in the clothing industry. Studies on ingestion of microplastics (in model 
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organisms) showed that they might cause harm to organismsô tissues via their 

abrasive effects leading to inflammation, oxidative stress and cytotoxicity. The 

actual concentrations of inhaled and ingested microplastics that are 

accumulated within the human body are, however, not yet known. There is 

still a dearth of data on the direct human health implications and future work 

should target the direct effects of microplastiics on human health by focusing 

on inflammation and cellular damage at concentrations realistically reflecting 

environmental exposure.101 

Another recent review (2021) collected data from 59 publications and 

analysed their data. The reviewers calculated the average mass for individual 

microplastics in the 0ï1 mm size range ingested by humans in one week.  But 

all humans do not consume the same type of food. The reviewers estimated 

that globally on average, humans may ingest 0.1ï5 g of microplastics weekly 

through various exposure pathways. The range of the findings have very wide 

(X50 times) uncertainty. But it is the first attempt to transform ingested 

microplastic counts into a mass value relevant to human toxicology. The 

determination of an ingestion rate is fundamental to assess the human health 

risks of microplastic ingestion. These quantitative findings can contribute to 

future human health risk assessment frameworks for MPs.102 

The Mediterranean coastal area have been subjected to population 

pressure, tourism, harbours, marine traffic and fish farms.. Inevitably, it has 

been a field of research for accumulation of microplastic and nanoplastics 

from thrown away marine plastic waste. and in particular microplastics (MPs) 

and nanoplastics (NPs). A review (2020) focused on the Mediterranean Sea, 

as one hot spot of microplastics pollution in the world. Many studies 

investigated MPs and NPs that have been detected not only in surface water 

and water columns but also in sediments, deep seafloor, and biota including 

fish and seafood for human consumption. Because of this, different European 

legislation initiatives have been launched during the last years in order to 

prevent MPs and NPs contamination and to face the environmental problems. 

The review summarised the main problems and shortcomings associated to 

MPs and NPs analyses such as their identification and quantification or the 

necessity of standardised protocols for risk assessment and adverse health 

effects to humans. Reviewers emphasized the scarcity of global studies and 
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the lack of the toxicity measurements of MNP particles according to their size 

and shape. Also, lack of data for their chemical composition, potential 

of bioaccumulation; and toxicological effects on and human health through the 

diet of contaminated food. 103 

The prestigious American scientific journal Science published recently 

(12 February 2021) a review paper on microplastics (<5 mm ) and nanosized 

plastics particles (<1 Õm )  exposure and implications to human health. The 

review suggested that recent toxicological evidence  indicates that humans 

constantly inhale and ingest microplastics; however, whether these 

contaminants pose a substantial risk to human health is far from understood. 

The lack of crucial data on exposure and hazard represents key knowledge 

gaps that need to be addressed by scientists so that toxicological assessment 

can move forward.104,105,106 

Another recent review (2021) of the ecotoxicological risks associated 

with microplastic exposure (ingestion) recognized that there are limitations to 

our knowledge regarding their potential health risks.  Research on 

microplastics and associated chemical contaminants (e.g., hydrophobic 

organic contaminants, heavy metals, plastic additives, etc) on diverse 

organisms, especially top predators, remains to be explored. The review 

described the effects of microplastics on typical aquatic organisms from 

different trophic levels, and systematically summarized the combined effects 

of microplastics on aquatic biota. Also, the review focused on research 

progress on trophic transfer of microplastics and associated contaminants 

along aquatic food chain. Although the review acknowledged limitations on 

the potential human health through exposure to microplastics via the food 

chain, expressed the expectation to provide a meaningful perspective for 

better understanding the potential health impacts of microplastics to human 

health. But the potential impacts of combined effects and trophic transfer of 

microplastics and associated contaminants on the aquatic organisms, 

especially top predators, are still not fully understood. In addition, the risk 

assessment to trophic transfer of microplastics and associated contaminants 

along food chains and their implication for human health exists in knowledge 

gaps in due to lacking of data.107 

 

https://www.sciencedirect.com/topics/chemistry/bioaccumulation
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The big question: are microplastics harmful? 

 

The latest scientific review on the scientific literature investigating the 

fundamental question on microplastics was on the 4th of May 2021 in the 

prestigious journal Nature [Lim XZ. Microplastics are everywhere ð but are 

they harmful? Scientists are rushing to study the tiny plastic specks that are in 

marine animals ð and in us. Nature  4.5.2021. Nature 593, 22-25, 2021, 

DOI: https://doi.org/10.1038/d41586-021-01143-3 ].  

In this section we provide a selection of extracts from an important 

article and the latest research findings on the potential harm of microplastics 

to human health. 

ñéé Toxicological research and risk assessment on micro- and 

nanoplastics have started many years ago but intensified recently. 

Researchers have been worried about the potential harms of microplastics for 

almost many decades but most studies have focused on the risks to marine 

life, since microplastics were found everywhere in the marine environment, in 

deep oceans, in Arctic snow and Antarctic ice. Micro- and nanoplastics have 

been found in table salt, drinking water, fish, meat, vegetables and many 

types of food. Tiny pieces of plastics degrade very slowly and will take 

decades to be removedé.ò. 

The review explained the fact that despite many toxicological studies 

on microplastics there are many open questions of how harmful they are. We 

have to understand that Humans on a daily basis are exposed to very small 

amounts of toxic (and carcinogenic) dusts, particles and chemical pollutants. 

But the actual risk is very difficult to measure and the range of cytotoxicity 

quantitatively, even more difficult is to estimate the number of premature 

diseases and deaths on a national or global scale. We have to take into 

account that cooked food (especially fried meat) and indoor and outdoor 

environment contain a high number of toxic and carcinogenic substances.  

ñé.. it is a daily reality to accept that humans everyday eat and inhale 

small pieces of  sand, dust, toxic substances, aflatoxins (carcinogens), and 

polycyclic aromatic hydrocarbons (PAHs, carcinogens and mutagens)) from 

smoke  (and vehicular exhausts). All these microscopic particles can be found 

https://doi.org/10.1038/d41586-021-01143-3
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in cooked food and in the air of indoor and outdoor environment. Scientists 

have developed over the years spectroscopic and mass spectrometric 

techniques and toxicological methodologies for measuring potential 

toxicological risks of eating or breathing microscopic particles of dusts and 

toxic substances. Despite the extensive studies it is not clear if eating or 

breathing a small amount of tiny micro- and nanoplastics will harm usé.ò 

ñé.Researchers have been worried about the potential harms of 

microplastics for almost 20 years ð although most studies have focused on 

the risks to marine life. [Richard Thompson , University of Plymouth, UK), 

FRS is Professor of Marine Biology and Director of the Marine Institute at the 

University of Plymouth, he is a world-leading marine scientist and is at the 

forefront of pioneering research into the causes and effects of marine litter].  

R. Thompson coined the term (microplastics) in 2004 to describe plastic 

particles smaller than 5 millimetres (<5 mm) across, after his team found them 

on British beaches. Scientists have since seen microplastics everywhere they 

have looked: in deep oceans; in Arctic snow and Antarctic ice; in shellfish, 

table salt, drinking water and beer; and drifting in the air or falling with rain 

over mountains and cities. These tiny pieces could take decades or more to 

degrade fullyé.ò 

[Parker-Jurd FNF, Napper IE, Abbott GD, Hann S & Thompson RC. Quantifying the 
release of tyre wear particles to the marine environment via multiple pathways. 
 Marine Pollution Bulletin 172,--, 2021]. 

  
ñééThe earliest investigations of microplastics focused on 

microbeads found in personal-care products, and pellets of virgin plastic that 

can escape before they are moulded into objects, as well as on fragments that 

slowly erode from discarded bottles and other large debris. All these wash into 

rivers and oceans: in 2015, oceanographers estimated there were between 15 

trillion and 51 trillion microplastic particles floating in surface waters 

worldwide. Other sources of microplastic have since been identified: plastic 

specks shear off from car tyres on roads and synthetic microfibres shed from 

clothing, for instance. The particles blow around between sea and land, so 

people might be inhaling or eating plastic from any sourceé.ò. 

https://www.plymouth.ac.uk/schools/school-of-biological-and-marine-sciences/marine-biology
https://www.plymouth.ac.uk/research/institutes/marine-institute
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ñé.From limited surveys of microplastics in the air, water, salt and 

seafood, children and adults might ingest anywhere from dozens (12X) to 

more than 100,000 microplastic specks each dayé.ò  

The article mentioned the scientific  papers of Dr. Albert Koelmans, an 

environmental scientist at Wageningen University in the Netherlands (Aquatic 

Ecology and Water Quality Management Group, Department of Environmental 

Sciences) author and leader of a research group of many experimental 

studies on microplastics. 

ñéHe and his colleagues think that in the worst cases, people might be 

ingesting around the mass of a credit cardôs worth of microplastic a year 

(around 5 g)éò. 

[Nor NHM, Kooi M, Diepens NJ, Koelmans AA. Lifetime accumulation of microplastic 
in children and adults, Environ Sci Technol 55(8):5084-5096, 2021. ; Koelmans AA, 
Redondo-Hasselerham PE, Nor NHM, Kooi M. Solving the nonalignment of methods 
and approaches used in microplastic research to consistently characterize risk. 
Environ Sci Technol 54(1):12307-12315, 2020.; Koelmans AA, Hazimah N, Hermsen 
E, et al. Microplastics in freshwaters and drinking water: critical review and 
assessment of data quality. Water Res 155:400-422, 2019 
Koelmans AA, No±l J. Diepens, Nor NHM. Chapter 6. Weight of Evidence 
for the Microplastic Vector Effect in the Context of Chemical Risk Assessment. In : 
Bank MS (Ed.), Microplastic in the Environment: Pattern and Process, Environmental 
Contamination Remediation and Management, Springer, 2022.  
https://doi.org/10.1007/978-3-030-78627-4_6. , pp. 155-198].  

 

ñé.Regulators are taking the first step towards quantifying the risk to 

peopleôs health ð measuring exposure. The California State Water 

Resources Control Board, a branch of the stateôs environmental protection 

agency, will become the worldôs first regulatory authority to announce 

standard methods for quantifying microplastic concentrations in drinking 

water, with the aim of monitoring water over the next four years and publicly 

reporting the resultsé.ò. [https://www.waterboards.ca.gov/drinking_ 

water/certlic/drinkingwater/microplastics.html]. 

ñé..Evaluating the effects of tiny specks of plastic on people or animals 

is the other half of the puzzle. This is easier said than done. More than 100 

laboratory studies have exposed animals, mostly aquatic organisms, to 

microplastics. But their findings ð that exposure might lead some organisms 

to reproduce less effectively or suffer physical damage ð are hard to interpret 

because microplastics span many shapes, sizes and chemical compositions, 

https://doi.org/10.1007/978-3-030-78627-4_6
https://www.waterboards.ca.gov/drinking_%20water/certlic/drinkingwater/microplastics.html
https://www.waterboards.ca.gov/drinking_%20water/certlic/drinkingwater/microplastics.html
https://www.waterboards.ca.gov/drinking_%20water/certlic/drinkingwater/microplastics.html
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and many of the studies used materials that were quite unlike those found in 

the environmenté.ò. 

The article refers to nanoplastics and the difficulties to estimate their 

risk. 

ñééThe tiniest specks, called nanoplastics ð smaller than 1 

micrometre ð worry researchers most of all (see óMicroplastics to scaleô). 

Some might be able to enter cells, potentially disrupting cellular activity. But 

most of these particles are too small for scientists even to see; they were not 

counted in Koelmansô diet estimates, for instance, and California will not try to 

monitor theméò. 

ñééOne thing is clear: the problem will only grow. Almost 400 million 

tonnes of plastics are produced each year, a mass projected to more than 

double by 2050. Even if all plastic production were magically stopped 

tomorrow, existing plastics in landfills and the environment ð a mass 

estimated at around 5 billion tonnes ð would continue degrading into tiny 

fragments that are impossible to collect or clean up, constantly raising 

microplastic levels. Koelmans calls this a ñplastic time bombò. ñIf you ask me 

about risks, I am not that frightened today,ò he says. ñBut I am a bit concerned 

about the future if we do nothing.ò 

ñéé.Researchers have several theories about how plastic particles 

might be harmful. If theyôre small enough to enter cells or tissues, they might 

irritate just by being a foreign presence ð as with the long, thin fibres of 

asbestos, which can inflame lung tissue and lead to cancer. Thereôs a 

potential parallel with air pollution: sooty particles from power plants, vehicle 

exhausts and forest fires called PM10 and PM2.5 ð particulate matter 

measuring 10לÕm and 2.5לÕm across ð are known to deposit in the airways 

and lungs, and high concentrations can damage respiratory systems. Still, 

PM10 levels are thousands of times higher than the concentrations at which 

microplastics have been found in air, Dr. Koelmans notes. The larger 

microplastics are more likely to exert negative effects, if any, through chemical 

toxicity. Manufacturers add compounds such as plasticizers, stabilizers and 

pigments to plastics, and many of these substances are hazardous ð for 

example, interfering with endocrine (hormonal) systems. But whether 

ingesting microplastics significantly raises our exposure to these chemicals 
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depends on how quickly they move out of the plastic specks and how fast the 

specks travel through our bodies ð factors that researchers are only 

beginning to studyé..ò. 

ñé..Perhaps the simplest mode of harm (of microplastics) ð when it 

comes to marine organisms, might be that organisms swallow plastic particles 

of no nutritional value, and donôt eat enough food to survive.  Dr. Lynch JM, 

who also leads the Center for Marine Debris Research at Hawaii Pacific 

University in Honolulu, has autopsied sea turtles that are found dead on 

beaches, looking at plastics in their guts and chemicals in their tissues. In 

2020, her team completed a set of analyses for 9 hawksbill turtle hatchlings, 

under 3 weeks old. One hatchling, only 9 centimetres long, had 42 pieces of 

plastic in its gastrointestinal tract. Most were microplastics. ñWe donôt believe 

any of them died specifically from plastics (JM Lynch)é.ò 

[Lynch, JM. Quantities of marine debris ingested by sea turtles: Global metaȤanalysis 
highlights need for standardized data reporting methods and reveals relative risk. 
Environ Sci Technol 52(21):12026-12038, 2018.   
Jung MR, Balazs GH, Work TM, (other researchers),é Lynch JM. Polymer 
Identification of plastic debris ingested by pelagic-phase sea turtles in the Central 
Pacific. Environ Sci Technol 52(20):11535-11544, 2018].   

 
The article after the harmful effects to marine species turns to studies 

addressing the question of human risk. There are several standard chronic 

and sub-chronic animal toxicity tests that are widely used to characterise 

chronic toxicity and to satisfy regulatory safety information requirements for 

chemicals. Toxicological studies are contacted with experimental animals 

(mice, rats, human tissues) and results are expected to be interpolated or 

predict human cytotoxicity. The set of animal studies are conducted over 

different durations, ranging from a single dose with observation of effects over 

a few days, to repeat daily dosing and observations made over many months. 

One well-known example is the relationship between the dose of a toxicant 

and the time to cause 50% mortality (LD50) of an exposed population.  

ñééNo published study has yet directly examined the effects of plastic 

particles on people. The only available studies rely on laboratory experiments 

that expose  human cells of  tissues (in vitro) to microplastics, or use animals 

such as mice or rats. In one study (Li et al, 2020)éé.ò  

[ Li B, Ding Y, Cheng X, et al. Polyethylene microplastics affect the distribution of gut 
microbiota and inflammation development in mice. Chemosphere 244:125492, 2020]  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/toxicity-test
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ñéémice fed large quantities of microplastics showed inflammation in their 

small intestines. In another two experimental studies with mice the results 

showed certain harmful effects. Mice exposed to microplastics (polystyrene 

and polyethylene) in two studies had lowered sperm count and fewer, smaller 

pups, compared with control groupsé.ò 

 
[Jin H, Ma T, Sha X, Liu Z, et al.  Polystyrene microplastics induced male 
reproductive toxicity in mice. J Hazardous Materials 401:123430, 2021.  
Park E-J, Han  J-S, Park E-J, et al. Repeated-oral dose toxicity of polyethylene 
microplastics and the possible implications on reproduction and development of the 
next generation. Toxicology Letters 324:75-85, 2020].  

 
 ñé. Some of the in vitro studies on human cells or tissues also 

suggest toxicity. But, just as with the marine studies, itôs not clear that the 

concentrations used are relevant to what mice ð or people ð are exposed to. 

Most of the studies also used polystyrene spheres, which donôt represent the 

diversity of microplastics that people ingest. Dr. Koelmans also points out that 

these studies are among the first of their kind, and could end up being outliers 

(outlier is a data point that differs significantly from other observations) once 

thereôs an established body of evidence. There are more in vitro studies than 

animal studies, but researchers say they still donôt know how to extrapolate 

the effects of solid plastic specks on tissues to possible health problems in 

whole animalséò. 

ñé..One question surrounding risk is whether microplastics could 

remain in the human body, potentially accumulating in some tissues. Studies 

in mice have found that microplastics around 5לÕm across could stay in the 

intestines or reach the liver. Using very limited data on how quickly mice 

excrete microplastics and the assumption that only a fraction of particles 1ï

 Õm in size would be absorbed into the body through the gut, Koelmans andל10

colleagues estimate that a person might accumulate several thousand 

microplastic particles in their body over their lifetimeé.ò. 

ñéé.Some researchers have started to explore whether microplastics 

can be found in human tissue. A research team documented this for the first 

time in a study that looked at six placentasé.ò.  

[Ragusa A, Svelato A, Santacroce C, et al. Plasticenta: First evidence of 
microplastics in human placenta. Environ International 146:106274, 2021].  
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ñééResearchers broke down the tissue with a chemical, then 

examined what was left, and ended up with 12 particles of microplastic in 4 of 

those placentas. Yet itôs not impossible that these microplastic particles were 

the result of contamination when the placentas were collected or analysed, 

(suggestion by Dr. Rolf Halden, an environmental-health engineer at Arizona 

State University). Halden commends the researchers for their efforts to avoid 

contamination, which included keeping delivery wards free of plastic objects, 

and for showing that a control set of blank materials taken through the same 

sample analysis was not contaminated. ñThere is a continuing challenge of 

demonstrating conclusively that a given particle actually originated in a 

tissue,é.ò 

Then, the article turns to the question about the nanoparticle fraction.  

ñééParticles that are small enough to penetrate and hang around in 

tissues, or even cells, are the most worrying kind, and warrant more attention 

in environmental sampling, (Halden).   In a study that deliberately let pregnant 

mice inhale extremely tiny particles, for instance, later found the particles in 

almost every organ in their fetuses. ñFrom a risk perspective, thatôs where the 

real concern is, and thatôs where we need more dataééò 

[Fournier SB, DôErrico JN, Adler DS, et al. Nanopolystyrene translocation and fetal 
deposition after acute lung exposure during late-stage pregnancy. Particle & Fibre 
Toxicology 17 (article No. 55): 2020].  

ñôé.. Nanoparticles are small enough to enter cells, particles generally 

need to be smaller than a few hundred nanometers (nm, 10-9 m). Researchers 

can use optical microscopes and spectrometers ð which distinguish between 

particles by their differing interactions with light ð to measure the length, 

width and chemical make-up of plastic particles down to a few micrometres. 

Below that scale, plastic particles become difficult to distinguish from non-

plastic particles such as marine sediment or biological cells. ñYouôre looking 

for the needle in the haystack, but the needle looks like the hay,ò says Roman 

Lehner, a nanomaterials scientist at the Sail and Explore Association, a Swiss 

non-profit research group. In 2017, Ter Halle (Laboratoire des Interactions 

Mol®culaires et R®activit® Chimique et Photochimique, CNRS-UMR 5623, 

Universit® Paul Sabatier de Toulouse, Toulouse, France) and her colleagues 
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proved for the first time that nanoplastic exists in an environmental sample: 

seawater collected from the Atlantic Oceanéò.  

[Ter Halle A, Jeanneau L, Martinneau L, et al. Nanoplastic in the North Atlantic 
Subtropical Gyre. Environ Sci Technol 51(23): 13689-13697, 2017.; Gigault J, Ter 
Halle A, Baudrimont M, et al. Current opinion: What is a nanoplastic?  Environmental 
Pollution 235:1030-=034, 2018].  
 

ñé.She extracted colloidal solids from the water, filtered away any 

particles larger than 1 Õm, burnt what remained, and used a mass 

spectrometer ð which fragments molecules and sorts the fragments by 

molecular weight ð to confirm that plastic polymers had existed in the 

remnants. However, gave no information on the exact sizes or shapes of the 

nanoplastics. Ter Halle got some idea by studying the surfaces of two 

degraded plastic containers she collected during the expedition. The top few 

hundred micrometres had become crystalline and brittle, she found; she 

thinks that this may also be true of the nanoplastics that probably broke off 

from these surfaceséò 

[Rowenczyk L, Dazzi A, Deniset-Besseau A, et al. Microstructure Characterization of 

Oceanic Polyethylene Debris. Environ Sci Technol 54(7):4102-4109, 2020].  

ñé..Until now, researchers cannot collect nanoplastics from the environment, 

(laboratory studies grind up their own plastic). Using home-made nanoplastics 

has an advantage: researchers can introduce tags to help track the particles 

inside test organisms. Lehner (PostDoc Adolphe Merkle Institute, University of 

Fribourg, CH) and colleagues prepared fluorescent nano-sized plastic 

particles and placed them under tissue built from human intestinal-lining cells. 

The cells did absorb the particles, but did not show signs of cytotoxicityéò. 

[Caldwell J, Lehner R, Balog S, et al. Fluorescent plastic nanoparticles to track their 
interaction and fate in physiological environments. Environ Sci Nano 8:502-513, 2021. 
Lehner R, et al. Emergence of nanoplastic in the environment and possible impact on 
human health. Environ Sci Technol 53(4):1748-1765, 2019.]. 

 

ñé..Finding plastic specks lodged in intact slices of tissue ð through a 

biopsy, for instance ð and observing any pathological effects would be the 

final piece of the puzzle over microplastic risks, Lehner says. This would be 

ñhighly desirableò, says R. U. Halden [Professor, Director, Biodesign Center 

for Environment and Health Engineering, Arizona State University, USA]éò. 

https://pubs.acs.org/doi/abs/10.1021/acs.est.8b05512
https://pubs.acs.org/doi/abs/10.1021/acs.est.8b05512
https://pubs.acs.org/doi/abs/10.1021/acs.est.8b05512
https://scholar.google.com/citations?view_op=view_org&hl=en&org=856495938334247183
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ñé.But to reach tissues, the particles would have to be very small, so 

both researchers think it would be very difficult to detect them conclusively. 

Collecting all these data will take a lot of time. Ter Halle has collaborated with 

ecologists to quantify microplastic ingestion in the wild. Analysing only 

particles larger than 700לÕm in some 800 samples of insects and fish took 

thousands of hours, she said. The researchers are now examining the 

particles in the 25ï700לÕm range. ñThis is difficult and tedious, and this is 

going to take a long time to get the results,ò she says. To look at the smaller 

size range, she adds, ñthe effort is exponential.ò éé.ò. 

[Lau WY, Shiran Y, Bailey RM, et al. Evaluating scenarios toward zero plastic 
pollution. Science 369(6510):1455-1461, 2020].; Halden RU. Plastics and health 
risks. Annual Rev Public Health 31:179-194, 2010;  RU Halden . Contaminants of 
Emerging Concern in the Environment: Ecological and Human Health 
Considerations. Rolf U. Halden (Ed). ACS Symposium, Washington DC, Volume No. 
1048, 2010]. 
 

ñééé that the amount of plastic added to existing waste each year ð 

whether carefully disposed of in sealed landfills or strewn across land and sea 

ð could more than double from 188 million tonnes in 2016 to 380 million 

tonnes in 2040. By then, around 10 million tonnes of this could be in the form 

of microplastics, the scientists estimated ð a calculation that didnôt include 

the particles continually being eroded from existing waste. It is possible to rein 

in some of our plastic waste, says Winnie Lau at the Pew Charitable Trusts in 

Washington DC, who is the first author on the study. The researchers found 

that if every proven solution to curb plastic pollution were adopted in 2020 and 

scaled up as quickly as possible ð including switching to systems of reuse, 

adopting alternative materials, and recycling plastic ð the amount of plastic 

waste added could drop to 140 million tonnes per year by 2040éò. 

[Nature 593, 22-25, 2021, DOI: https://doi.org/10.1038/d41586-021-01143-3 ]. 

 

 

 

 

 

 

https://doi.org/10.1038/d41586-021-01143-3
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Conclusions 

Plastics have become in the last decades increasingly valuable 

materials with numerous daily uses (water bottles, plastic bags, fresh food 

packaging, etc) and highly technological applications (from clothes, to carpets, 

cars and boats). Humans have been addicted to single-use or disposable 

plastic, causing severe amounts of plastic waste with acute and urgent 

environmental consequences. Around the world, one million plastic drinking 

bottles are purchased every minute, while 5 trillion single-use plastic bags are 

used worldwide every year. Half of all plastic produced is designed to be used 

only once and then thrown away, resulting in a deluge of slowly degradable 

plastic materials entering Earthôs environment and in particular human food 

chain. Plastic breakdown into tiny particles (microplastics <5 mm diameter 

and then into nanoplastics) resulted in extensive pollution. Inevitably, 

scientists suggest for years that human, animal and ecosystem health need to 

be studied in depth in relation to plastic waste exposure. 

Plastic waste is now so ubiquitous in the natural environment that 

scientists have even suggested it could serve as a geological indicator of the 

Anthropocene era. Plastic waste is degraded continuously producing small 

size particles, which are now ubiquitous global environmental contaminants. 

Despite their ubiquity in all spheres of life and ecology, very limited knowledge 

is known about the health effects of microplastics exposure to humans.  

Plastic pollution has exploded due to increased and uncontrolled waste 

disposal, and extremely low natural biodegradation in the environment. 

In the last decade there is heated discussion among scientists and 

environmental researchers about how dangerous microplastics are for 

humans, marine animals, and the environment due to their small size and 

from the fact that they are accessible to many organisms through the food 

chain. A number of studies in experimental animals indicate that exposure 

(ingestion, inhalation, dermal contact) to microplastics causes oxidative 

stress, inflammation, generation of ROS, disruption of energy homeostasis, 

disruption of immune function, cytotoxicity and neurotoxicity. Despite all these 

experimental toxicological observations, scientists suggest that more is 

needed to be achieved in risk assessment for plastics exposure and adverse 
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human health effects.  This review has collected and presents some of the 

most important scientific papers on plastics, microplastics and nanoplastic 

pollution, and the challenges facing researchers in the quantitative estimation 

of their numbers and the specific harmful health effects to aquatic organism 

and the potential risk to human health.  
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