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that constitute the greatest risk of absolute exposure. This is due to long-term weathering
of polymers, leaching of polymer chemical additives, residual monomers, exposure to
pollutants and pathogenic microorganisms all being active in these environments [52–56].
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Figure 2. Routes of plastic particles entry into human body. There are three key routes for micro- 
and nanoplastics entry into the human body: Inhalation, ingestion and skin contact. Nanoplastics 
may interact with proteins, lipids, carbohydrates, nucleic acids, ions, and water in human body, 
leading to the formation of coronated nanoplastic particles for absorption. The plastic particles can 
enter human body through ingestion of contaminated food and water supplies, or inhalation of 
the airborne plastic particles that originate from synthetic textiles and polluted outdoor air. While, 
the skin membrane is too fine for these plastic particles to pass through, nanoplastics may pene-
trate through wound and weakened skin barrier, directly or indirectly. 

4.1. Gastric Exposure 
Recent studies into microplastics and nanoplastics exposure and toxicity have indi-

cated that the most significant way humans consume plastic particles is via ingestion [57]. 
While, there are no studies looking specifically at nanoplastic toxicity in humans, there is 
research showing that microplastics are being ingested through food and drink [36]. The 
initial analysis of human stool samples showed that plastic particles were being excreted, 
which supports the theory that humans are ingesting these particles via food and water. 
These results, along with research into ingestion uptake in environmental models, clearly 
show that humans will be regularly consuming microplastics and nanoplastics [58]. How-
ever, no studies have yet investigated what happens to the micro- and nanoplastic parti-
cles once they enter the gastrointestinal (GI) tract. It would be pertinent to examine their 
route through the GI tract and whether particles remain in the gut lumen, or they translo-
cate across the gut epithelia. 

Figure 2. Routes of plastic particles entry into human body. There are three key routes for micro-
and nanoplastics entry into the human body: Inhalation, ingestion and skin contact. Nanoplastics
may interact with proteins, lipids, carbohydrates, nucleic acids, ions, and water in human body,
leading to the formation of coronated nanoplastic particles for absorption. The plastic particles can
enter human body through ingestion of contaminated food and water supplies, or inhalation of the
airborne plastic particles that originate from synthetic textiles and polluted outdoor air. While, the
skin membrane is too fine for these plastic particles to pass through, nanoplastics may penetrate
through wound and weakened skin barrier, directly or indirectly.

4.1. Gastric Exposure
Recent studies into microplastics and nanoplastics exposure and toxicity have indi-

cated that the most significant way humans consume plastic particles is via ingestion [57].
While, there are no studies looking specifically at nanoplastic toxicity in humans, there is
research showing that microplastics are being ingested through food and drink [36]. The
initial analysis of human stool samples showed that plastic particles were being excreted,
which supports the theory that humans are ingesting these particles via food and water.
These results, along with research into ingestion uptake in environmental models, clearly
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increased toxicity [92]. Finally, it was shown that protein coronas around the polystyrene
nanoparticles led to them being accumulated in the gut.

Microplastics and nanoplastics can be absorbed by cells via a number of routes [93].
The primary route is via endocytotic nanoparticle uptake where adhesive interaction of
nanoparticles (or inactive permeation of the cell membrane) with channel- or transport-
protein occurs. Several endocytotic pathways have been identified, such as phagocy-
tosis and macropinocytosis, along with clathrin- and caveolae-mediated endocytosis
(Figure 3) [94–96].
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ological membranes revealed that polystyrene nanoparticles effortlessly penetrated the 
lipid bilayer membranes, causing changes to the structure of the cell membrane, ulti-
mately disrupting the cell function [97]. Uptake inhibition studies on the absorption rate 
of 44 nm polystyrene particles to human colon fibroblasts and bovine oviductal epithelial 
cells indicated that polystyrene nanoparticles were primarily absorbed through a clathrin-
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Figure 3. Routes of cellular uptake of plastic particles. Phagocytosis, macropinocytosis, clathrin- and caveolae-mediated
endocytosis are the common endocytotic pathways that have been identified for cellular uptake of plastic particles. Micro-
and nanoplastics can be absorbed by cells through different routes, of which endocytotic nanoparticle uptake is the
primary route where adhesive interaction of nanoparticles (or inactive permeation of the cell membrane) with channel- or
transport-protein occurs.

The initial barrier to nanoparticle incursion into the skin is the outer cell membrane.
Coarse-grained molecular simulations of polystyrene (PS) particles in interacting with
biological membranes revealed that polystyrene nanoparticles effortlessly penetrated the
lipid bilayer membranes, causing changes to the structure of the cell membrane, ultimately
disrupting the cell function [97]. Uptake inhibition studies on the absorption rate of
44 nm polystyrene particles to human colon fibroblasts and bovine oviductal epithelial
cells indicated that polystyrene nanoparticles were primarily absorbed through a clathrin-
independent uptake mechanism [98].

The cellular absorption of carboxylated polystyrene nanoparticles of 40 nm and 200 nm
was studied using several tumor cell lines, including human cervical HeLa cells, human
glial astrocytoma 1321N1, and adenocarcinomic human alveolar basal epithelial A549 in the
presence of various transport inhibitors [99]. The results indicated that the nanoparticles
were always absorbed by cells through an active and energy-dependent method, suggesting
that the nanoparticle uptake for different cell types utilized different pathways. Actin
depolymerization significantly influenced the nanoparticle uptake in HeLa and 1321N1 cell
lines, while clathrin-mediated endocytosis of the nanoparticles in 1321N1 was significantly
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