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Abstract

Besides visible plastic pollution, there is also a microplastic threat. Microplastics are ultrasmall
plastic items, smaller than 5 mm in size. The presence of microplastics in aquatic ecosystems is
increasing at an exponential rate posing a direct or indirect threat to all biodiversity on the planet
This paper highlights the Indian scenario of microplastic pollution in comparison with developed
regions of the globe while primarily focusing on impacts on human health. Microplastic particles
are not metabolised by living organisms and thus they keep bioaccumulating. These tiny plastics
also sorb a wide plethora of chemical substances that may have severe effects on life forms.
Pathogenic bacteria may also adhere to microplastics affecting health. Exposure to microplastics
has become impossible to avoid as these tiny plastics can enter through food, cosmetics and even
via air. Besides bioaccumulating microplastics have been proven to interfere with cellular processes
and normal physiological functioning of the human body. Very few papers have been published to
date highlighting this issue, more research needs to be done on sources, distribution patterns and
effects of microplastics on the ecosystem and humans.
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Introduction

Plastics are a set of materials (predominantly synthetic) that use polymers having long carbon
skeletons such as polyethene, polypropylene, polystyrene etc. as their main constituent
(Woodford, 2022). Plastic entities having a size of 1pm — smm are classified as MPs (NOAA, 2021).
Based on origin, MPs are further divided into primary and secondary MPs. Plastic particles that are
less than smm, when released into the environment are called primary MPs. 1.5 million tonnes of
primary MPs are released annually into the world's oceans (Boucher and Friot, 2017). Secondary
MPs are predominantly generated via photodegradation by UV radiation (in parallel with the action
of oxidative degradation and physical weathering agents like heat, wind and hydraulic forces)
acting on larger plastic pieces. (NEA, 2014; GESAMP, 2015, Andrady et al., 1996) (Figure 1).

Almost all of the plastic produced to date persists in our environment (UNEP). Surface MPs form
great garbage patches in the oceans wherein MPs with heavier densities sink into world oceans
(Evers, 2022). Among various sources of MPs, plastic fibres and tyre abrasions are classified as the
biggest sources of their genesis; while mismanagement and improper dumping of plastic waste is
the biggest cause of MP pollution. Industries account for 23% of MPs released in the oceans
whereas, the rest 77% comes from individual household activities. (Boucher and Friot, 2017). In
India, fibres from synthetic textile industries and household activities are primary causal agents for
water bodies pollution; which are directly dumped in bigger water bodies without wastewater
treatment. As a result, primary MPs completely dominate over secondary MPs. However, in other
developed regions like Europe and US, the majority of households' water released is well
connected to wastewater treatment plants (WWTPs) at the first stage which filters out a lot of MPs.
(Boucher and Friot, 2017). Automobile tyres erode due to friction during use, releasing primary MPs
on the road, places where roads with heavy traffic are very close to water bodies, these tire MPs
easily enter water bodies through wind or rain.
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There are 641 vehicles per capita in the European Union (ACEA, 2022). Samples from Lake
Kallavesi, Finland mention tire abrasion as a major source of MPs in the lake (Uurasjarvi et al.,
2020). The Thames River basin in the UK also shows high MP concentrations due to tire abrasions
and erosion of road markings (Horton et al., 2017).
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Figure 1. Fate of MPs in the environment. Primary and secondary MPs undergo breakdown into smaller
entities due to photodegradation assisted with physical weathering agents therefore number of particles
increases. The total mass of MPs in the environment would decrease with time due to their breakdown into
monomers or other nano substances that no longer could be considered microplastics (Hale et al., 2020).

Furthermore, urbanization, industrialization and tourism all across the globe show a directly
proportionate relationship with MPs. These areas act as hotspots for MP pollution. Fishing nets
and ropes also wear and tear on use significantly contribute to primary MPs in European lakes.
Erosion of waste dumps is also responsible for releasing plastics into water bodies. (Uurasjarvi et
al., 2020). A high concentration of MPs in an area may not always be a result of that area itself
being located near an MP emitting source. Some places also act as sinks for MPs. Ocean currents
deposit MPs at Lambra beach, Spain (which is very far from any human settlement), making it one
of the most polluted European beaches (Herrara et al., 2018; Martinez et al., 2009). A significant
contribution to the number of MPs in seas and oceans is made by rivers drain MPs that they collect
in their course upstream.

A lot of MPs are now trapped in arctic ice, this will directly be released into oceans as the ice melts
due to global warming (Obbard, 2014). As secondary MPs are formed by the degradation of large
plastic pieces, increasing temperature will speed up this weathering. Increasing ocean
temperatures due to global warming will further accelerate the MPs concentration in the world
oceans. A 2017 IUCN report on MPs points out that as a region South Asia is the biggest
contributor (18.3%) to MPs in water bodies, whereas Europe owes 14.1% of all (Boucher and Friot,
2017). An EU citizen annually generates 54.4 kg of plastic waste per capita; this is way higher than
the Indian population which barely touches the 20kg mark apiece (Calma, 2020). Germany is the
largest producer of plastic waste in Europe (6.68 million tons of plastic waste in 2016), compared
to India generates 26.33 million tons, the highest in Asia; nearly half of all the plastic waste
generated by India (12.99 million tons in 2021) ends up as marine plastic waste (World Population
Review, 2022). Among South Asian countries, water bodies surrounding the Maldives have the
highest concentration of MPs (Neill, 2020). Plastics include a wide range of polymers having a
large diversity in their properties and uses. Polypropylene (PP) is used as a packaging material., in
electronics and automotive parts. Polyethene terephthalate (PET) is used in making containers
for food and beverages and has wide applications in synthetic textiles. Polyethene (PE) is a low-
density plastic that has applications in packing films, grocery bags, squeeze bottles, toys and a lot
more. There exists a significant variation in the relative abundance of the type of plastic polymers
constituting the MPs in associated water bodies around different regions of the world (Hamid et
al., 2018; Cera, 2020). Keeping the concern of rising MPs in mind, the present work focuses on the
impacts of MPs on human health and is framed to highlight the current status and future
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estimations of MPs' problems in India and worldwide by exploring common points of entry and
their detrimental impacts in various forms on the human body.

Impacts of MPs

The impacts of MPs pollution have been elucidated in the form of Figure 2. MPs sorb a variety of
substances: MPs can absorb extremely harmful hydrophobic organic chemical substances such as
endocrine disrupting chemicals, POPs, organochlorine pesticides, persistent bio-accumulative
toxins (PBTs), and many aromatic hydrocarbons (often potential carcinogens), in addition to these
MPs can also sorb metals from water bodies (Thompson et al., 2009; Cole et al., 2011; Rochman
et al.,, 2013). They, therefore, act as carriers for pollutants to enter aquatic organisms (Zarfl and
Matthies, 2010). In addition to the base polymer, additives (like polybrominated diphenyl ethers,
bisphenol A, Butylated hydroxytoluene, and organometallic compounds having tin or arsenic) are
added during the manufacturing of plastics to achieve desired properties like colour, stabilizers
prevent reaction with certain compounds, flexibility, increased shelf life, thermal resistance,
resistance to oxidative damage etc. These additives can result in hormonal imbalance in
organisms, along with impacts on mortality, reproductive abnormalities, and neurological
development depending on the concentration of chemicals engulfed by the organisms (Barnes et
al.,, 2009; Lithner et al., 2009).

I Degradation of vehicle tyres and road markings
as source of microplastics.

B. Domestic/ industrial waste water add MPs
into water bodies

B. Dircct disposal of plastics into water bodics.
#. MPs or their precursors in aquatic system,

B. Photodegradation (By UV light [sunlight]) of
plastics to form secondary microplastics

B. Microplastics may sorb a variety of organic
inorganic mater.

. Biomagnification of microplastics in aquatic
food chain

B. Entry of MPs into human body

Figure 2. Entry of microplastics into aquatic ecosystem and humans

PBTs, POPs, plastic additives/ monomers and heavy metals are bioaccumulated in the food chain.
MPs worsen their bioaccumulation as the organisms at low trophic levels pile up very high
concentrations of bio-accumulants, these will further concentrate over higher trophic levels
(Rochman et al., 2013; Teuten et al., 2009). These substances are not metabolized and have the
potential to interfere with the cellular and physiological functions of an organism.

Impacts of MPs on human health

Sources of MPs in the human body: Human beings acquire the highest trophic levels in the
ecosystem, therefore the transfer of MPs through food (seafood especially) is a very common
means of exposure to MPs (Smith et al., 2018). Coloured MPs are also present in packaged milk
(Muniasamy, 2020). PET is the most common MP found in branded table salt (Yang et al., 2015).
Tap waters in many parts of the world have MPs (IUCN, 2021). 82% of taps in New Delhi (India)
supply water contaminated with MP fibres (Kosuth Mary et al., 2018) (Figure 3).

Plastics are used in the formulation of many daily use personal care products; A lot of cosmetic
items contain MPs intentionally added to them as emulsifying agents, viscosity regulators,
opacifiers, excipients, binders and many more applications depending on polymer type (Leslie,
2014). Microbeads in facial products can cause cornea damage by sticking in the eye, tiny skin rips,
and bacterial infections (Mahesh and Mukherjee, 2018). Plastic containers used for storing food
and beverages also degrade (in negligible amounts) to release MPs. Analysis of bottled water
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across the world shows PP, the material used to make bottle caps happens to be the major MP
constituent and PET was also found to be present significantly in bottled water (Tyree and
Morrison, 2018). Suspended MPs can directly enter our bodies simply by inhalation and can persist
in our lungs resulting in increased risks of respiratory irritation, interstitial lung disease, tumours
and inflammation (Gasperi et al., 2018; Borm et al., 2000; Warheit et al., 2001; Greim et al., 2001).
If the concentration of POPs associated with MPs is less relative to the gut wall, it results in the
movement of POPs from tissues to MP particles (Kelly et al., 2004). This concept has medical
applications in drug delivery.

Inhalation

Figure 3. Common entry sources of MPs in humans. MPs can enter our body via food, cosmetics, plastic
containers or air

Threats due to things commonly associated with MPs: MPs sorb a wide variety of metals, organic
and inorganic compounds hence the entry of these substances is inevitable, these substances can
potentially interfere with cellular and physiological functions in human beings including
behavioural changes, immune disorders and organ damage in case of high concentrations
(GESAMP, 2015; Holmes et al., 2012; IUCN, 2021). The consumption of microplastics by organisms
is positively correlated with concentration of PCBs in fat tissues as PCBs are commonly found in
plastics, also no such correlation in birds was found between microplastic ingestion and bio-
accumulants that are not associated with microplastics such as DDT, dieldrin, DDE and OCs (Ryan
et al., 1988). MPs in water bodies often have biofilms on their surface which might contain toxin-
producing microbes, if these plastispheres are ingested directly they can cause serious infections
and other problems (Zettler et al., 2013; Kettner et al., 2019). Studies on Pfiesteria piscicida
(potentially toxin-producing plankton) show a fifty-fold density increase of this plankton in the MP
particles with respect to the surrounding seawater (Berlin, 2019). Many opportunistic human
pathogens are also found adhered to aquatic MPs that manifest as a threat to human health
(Wagner et al., 2014; Snoussi et al., 2008).

Effects of MPs on a cellular level

The method of cellular intake of MPs varies according to the size of the particles; Clathrin-coated
pits for small particles (<200 nm) and phagocytosis for larger particles (up to 40 pm) (GESAMP,
2015). Ultrafine MPs (<10 pm) can cause an increase in pro-inflammatory cytokine interleukin 1
(IL-1) gene (critical role in immune response [activates monocytes and neutrophils]) expression in
cells, and an increase in cytosolic calcium ion concentration due to calcium influx across plasma
membrane because calcium is involved in transcription pathway of pro-inflammatory cytokine
protein Tumour Necrosis Factor-alpha (TNFa); MP induced calcium changes may be significant in
causing pro-inflammatory gene expression, such as chemokines (Brown et al. 2004). Plastic
particles are found to accumulate in lysosomes which coincides with the breakdown of the
lysosomal membrane and the release of degrading enzymes into the cytoplasm causing cell death
(Rank et al., 2007; Frohlich, 2012) (Figure ).
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Effects of MPs entering the digestive tract

Gut epithelium cells can uptake MPs (von Moos et al., 2012). MPs entering into gut are very likely
to cause abrasion of lining tissues of the gut. Translocation of smaller MPs across gut epithelium
in disguise of nutrients results in their entry into the circulatory system (Browne et al., 2008;
Hussain et al., 2001). Experiments on aquatic animals show that MPs trigger immune response
cells (macrophages and leucocytes) (Veneman et al., 2017; Hoher et al., 2012). After entering into
bloodstream, they create risks of physical damage to internal tissues and chocking of narrow
ducts, arteries (1ooum - 20mm in diameter) and capillaries (3-4 pm generally). Nanoplastics can
cross biological membranes therefore they often interfere with cellular functions and cell
organelles (Berntsen et al., 2010; Frohlich et al., 2009). Wick et al. (2010) using fluorescent PS
nano-beads demonstrated that MPs (<240nm) can span through the placental membrane.
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Figure 4. Cellular entry pathway of MPs. Cellular accumulation of microplastics into ER or Golgi body is
brought by endocytic vesicles (green) that alongside acting as carriers for various substances, also intake
small MPs in disguise during endocytosis (caveolae-mediated). MPs inside some of such vesicles are passed
through the cell without getting accumulated. Vesicles (Red) formed by non-caveolae-mediated endocytosis
(might involve Clathrin protein receptors) can lead to deposition of MPs into lysosomes (Shin and Abrahim,
2001; van der Goot and Gruenberg, 2002; Moore, 2006)

Potential effects on physiology, development and reproduction

Not much research has been done on the effects of MPs in human beings, but studies on mice
(under very high concentrations of PE and PS MPs as compared to what human beings are
exposed to) conclude MPs are responsible for small intestine inflammation and reducing
reproductive ability hence producing lesser and smaller off springs (Li et al. 2020; Park et al. 2020;
Jin et al., 2021). Sussarellu et al. (2016) suggested in a similar study on oysters that this resulted
because of an energy shift away from reproduction and toward structural growth, due to feeding
changes triggered by MP exposure. MPs have detrimental effects on white adipose tissue
differentiation which is hypothesised to result in type Il diabetes (Equsquiza and Blumberg, 2020;
Danforth, 2000). Mice exposed to 1000 ug/L PS MPs show a significant increase in hepatic total
bile acids (TBA) as a result of upregulation in two bile acid synthesis genes CYP7a1 and ABCb11
(Jin et al., 2019). MPs and plastic additives are hypothesized to increase obesity in humans
(Kannan and Vimalkumar, 2021).
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Conclusion

Conclusions about immune responses and physiological changes due to MPs are based on studies
on mice (model organisms for the human system) administered with extremely high doses of MPs
under lab conditions. Exposure and accumulation of MPs via food, water and air surely is a true
phenomenon but the concentrations of MPs are not too high in the environment currently as to
show direct visible effects and extremely few detailed analyses have been done on human health
concerning MPs. No confirmed death/severe illness to date in humans can be solely blamed on
MPs. As in, MPs are proven to act as vector particles for many human disease-causing bacteria,
but this contributes negligibly as compared to other modes of pathogen entry in humans. As of
now, it is not possible to draw a heat map of the world showing the health effects of MPs on
humans as very few papers have been published on the effects of MPs on human health worldwide
and more research needs to be done. However, as of now, effects can be correlated theoretically
with the concentration of MPs in the environment (soil/ sediments/ water bodies/sea salt etc.) and
organisms (like fishes). This will become a major concern in upcoming years if MP levels keep on
increasing exponentially and start showing severe effects on human health.

Abbreviations

MPs - Microplastic(s)

POPs - Persistent organic particles

IUCN- International Union for Conservation of Nature
PS- Polystyrene

PCB- Polychlorinated biphenyls
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