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Abstract Microplastics and nanoplastics are significant contributors to pollution as a consequence of increased
plastic manufacturing and consumption, which has resulted in a worldwide environmental crisis. These small plastic
particles (microplastics and nanoplastics with diameters less than 5 mm respectively 100 nm) originate from a wide
range of sources, including packings, synthetic textiles, personal care products, and medical and laboratory
consumables. The environmental effects and potential health hazards linked with microplastics and nanoplastics
exposure are addressed in this review. Research has demonstrated a link between these plastic particles and human
digestive, reproductive, respiratory, endocrine and cardiovascular pathologies. Microplastics and nanoplastics have the
potential to be chronically detrimental given that they accumulate in human tissues and organs and are small enough to
slip through cell membranes. In hopes of fully comprehending the mechanisms of toxicity and long-term consequences
of exposure to microplastics and nanoplastics on human health, further research is urgently required. Policies that
reduce the production and consumption of plastics and improve waste management practices are essential to

combating plastic pollution.

Keywords: microplastic; nanoplastic; human health; toxicity; environmental pollution

Introduction

Nowadays, one of the most significant source of pollution
in oceans, seas, and all other bodies of water is plastic, a
synthetic substance made up of various polymers. The
plastic fragments can have many sizes, forms, and
structures and macroscopic or microscopic dimensions.
The latter are represented by microplastics and
nanoplastics, having dimensions from few micrometers to
few nanometers, respectively.

The first mention of plastic was in 1862, at the
International Exhibition in London, when Alexander
Parkes, a metallurgist who was trying to make a synthetic
material that could change its shape in the presence of
heat, presented "Parkesine". After World War Il and
between the 1960s and 1970s, when this material was
able to replace conventional ones because of its
affordability, adaptability and simplicity of production,
plastic started to be employed on a worldwide scale
(www.plasticsindustry.org).

Plastic use has quadrupled in the past 30 years, but
recycling technology is still in its infancy; in 2022, only
9% of plastic worldwide was recycled, while 22% was
improperly handled, 19% was incinerated, and 49% was
dumped in landfills. As more and more plastic enters the
oceans each year—1.15-2.41 million tons—the issue is

growing more and more concerning. This resulted in the
formation of 5 primary locations where all the waste that
arrives here collects, with the Great Pacific Garbage
Patch which lies between Hawaii and California being
the most significant of them (theoceancleanup.com).
Plastics are frequently employed in many different
sectors, including textiles, medical equipment and
devices, packaging, and other areas of daily life. Due to
their durability, plastics are utilized in the medical
industry for manufacturing tools like syringes,
intravenous infusion bags, and catheters (Rivera et al.,
2005). Plastics in the food packaging industry offer a
cheap, flexible and lightweight alternative for
transporting and preserving products (Weber Macena et
al., 2021). Moreover, synthetic polymers are becoming
more and more common in the textile sector because they
have a number of advantages, including durability and
moisture and chemical resistance, which make them
perfect for sportswear and outdoor garments (Patti and
Acierno 2022).

Microplastics (MPs) are generated as a result of
wastewater treatment, tire wear, paint failure, washing of
textiles, and at-sea losses, among other operations.
Micro- and nanoplastics (NPs) assemble in aggregates
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and sink in surface waters where they are consumed by
organisms and spread out by currents. The proportion of
species able to consume MPs rises as their quantity
increases simultaneously with the decrease of fragments’
size (de Sa et al., 2018).

Plastics disperse toxins in environment, release additives
such as bisphenol A (BPA) or phthalates (PHTSs) and act
as a substrate for biofilms containing pathogenic
organisms, such as bacteria or viruses. Human viruses
have a significant capacity to establish a link with the
plastisphere given the increased prevalence of enteric and
respiratory viruses in society and environment (Kannan
and Vimalkumar 2021). Viral adherence to biofilms on
polymer substrates may increase the viability and
ecological spread of the virus. Particles that can penetrate
cells and are less than 20 um in diameter may raise risks.
Storms, natural disasters or the movement of rivers and
the atmosphere all contribute to the enhancement of
releases. In oceans, plastic trash includes the debris of
fishing gear and litter such as lost or abandoned fishing
nets and buoys, discarded lines and traps or netting from
shrimp trawls and gillnets, plastic buckets or crates cut
open by seabirds to release their catch. Plastic trash is one
of the most pervasive forms of pollution in the oceans of
the world (Hale et al., 2020).

Plastic fibers and particles enter the water column via
rivers, winds, waves and other natural processes. They
are consumed by a wide range of marine life, including
plankton, fish and seabirds. Plastic particles ingested by
wildlife accumulate in their intestines, where they either
pass into the body fluids or remain in the gut, causing
blockages. According to Greenpeace, a global network of
non-governmental organizations (NGQOs) preoccupied by
a greener future, a single human can consume up to
50,000 pieces of plastic per year. Plastic waste has a
particularly negative impact on cetaceans, causing
entanglement, undernourishment and death (Carrington
2019).

Polystyrene-MPs (PS-MPs) of 5 um and 20 um diameter
accumulated in the liver, kidneys or gut of mice, altering
the biochemical biomarkers, metabolomic profiles, and
generating oxidative stress (OS), as well as modifications
in lipid and energy metabolism (Deng et al., 2018). Most
studies focused on aquatic organisms, such as: mussels
(Browne et al., 2008), crabs (Watts et al., 2014) or fish
(Lu et al., 2016) while research on mammals is scanty.
Furthermore, freshwater hasn't gotten enough priority in
studies on plastic contamination despite being essential
for human survival. MPs and NPs have a significant
impact on global freshwater systems due to their entry
into the human food chain, leading to systemic
dysregulations (Badea et al., 2023).

Inhalation, ingestion and dermal contact are the three
main ways MPs and NPs enter the human body, with the
first two being the most significant. But the last type of
exposure should not be neglected. For example,
polyethylene (PE) beads can be utilized as emulsion
stabilizers or viscosity regulators in cosmetics, increasing

the amount of contact that these substances have with the
user (Leslie 2014; Lei et al., 2017). Furthermore, some
items contain glitter, which is frequently created using
polyethylene terephthalate (PET) (Yurtsever 2019).

The main purpose of this review is presentation of the
effects of environmental plastic pollution on humans.
Due to the ever-increasing exposure of people to these
particles, in various forms, it becomes a necessity to
know the current state of knowledge in this domain.

How humans are exposed to
microplastics and nanoplastics

Human beings become into contact with MP particles
through inhaling dust indoors, breathing through face
masks, inhaling contaminated air in much polluted areas
or by ingesting dust, contaminated food or contaminated
water due to plastic packaging.

Inhalation

Synthetic fabrics, the erosion of materials and the
resuspension of MPs in different surfaces are just a few
of the factors that contribute to the release of MPs into
the atmosphere. It has been approximated that each
person inhales 26 - 130 airborne MPs per day (Prata
2018). The size and density of the particles will affect
how they accumulate on the respiratory system, with less
densely packed and finer particles entering the lungs
further. Particle translocation may occur following
accumulation, macrophage clearance or migration to the
circulatory or lymphatic systems. The vast surface of
microscopic particles inside the respiratory system,
however, may trigger an acute flow of chemotactic agents
that inhibit macrophage motility and enhance
permeability, resulting in persistent inflammation, also
referred to as dust overload (Donaldson et al., 2000).

Due to the proven strong oxidizing potential brought on
by the vast surface area, PS nanospheres (64 nm) trigger
neutrophil inflow, inflammation in respiratory pathways
of mammals and the transcription of proinflammatory
genes in epithelial cells (Brown et al., 2001).

Employees in the synthetic textile, flock and polyvinyl
chloride (PVC) industries who are exposed to airborne
MP particles at work have respiratory issues linked to the
progression of airway and interstitial pulmonary disease
(Porter et al., 1999; Xu et al., 2004; Atis et al., 2005).
Fibers of 250 pum have also been observed in human
pulmonary biopsies, as well as in cancer biopsies (Pauly
et al., 1998). Probably inhaled plastic particles could
potentially harm the respiratory system in circumstances
where there is an increase in the concentration or a
significant individual vulnerability.

The usage of plastic face masks became necessary due to
the recent Coronavirus disease 2019 (COVID-19)
outbreak, which raised the question of how much MP
particles are inhaled as a result. Like many previous
studies, one was carried out in China in 2020 and
attempted to provide an explanation. Face masks of
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various kinds have been evaluated. Utilizing various
disinfection techniques, such as sunlight exposure,
washing, using ultraviolet light (UV light) or alcohol, or
just blowing air, as well as just reusing them increases the
danger of inhaling MPs (Chua et al., 2020; Song et al.,
2020). Face masks became less effective when their fiber
structures were damaged because they provided less
protection. The recommended time frame, during which
there was a reduced risk of breathing MPs, was 4 hours.
The N95 face masks had the lowest risk of MP
inhalation, and UV disinfection was the best technique
for reusing face masks (Li et al., 2021).

Ingestion

Because our food and environment are polluted with
MPs, human contact by ingestion is highly probable
(Prata et al., 2020).

The major sources of MP exposure are indoor air, as well
as drinking bottled water or eating food from plastic
packaging (Kannan and Vimalkumar 2021). It is
estimated that a person consumes daily 39x10° — 52x10°
particles of MP (Cox et al., 2019). These may access the
gastrointestinal tract (GIT) through contaminated
products or by mucociliary clearance following
inhalation, potentially causing an inflammatory reaction,
higher permeability and modifications in intestinal
microbiota population and body metabolism (Salim et al.,
2014). MPs have been detected in foods including
mussels (Li et al., 2016), market fish (Neves et al., 2015),
table salt (Karami et al., 2017), sugar (Liebezeit and
Liebezeit 2013), but also in bottled water (ORBmann et al.,
2018).

The gut may adsorb nanoparticles following ingestion by
specialized M-cells overlaying gastrointestinal lymphoid
tissues - Peyer's patches - based on their adherence to
GIT mucous secretions, which in turn enhances particle
clearance ratios (Ensign et al., 2012). Due to the
adsorption of a "corona" formed by the components of
intestinal contents (Powell et al., 2007), non-soluble
particles may pass through the intestinal mucus.

Evidence from a research on 14 nm and 415 nm PS (latex
particles) in rat intestinal segments proved that their size
is a major determinant in how easily they transit through
the digestive tract (Szentkuti 1997).

Another route of particle internalization that has been
proposed involves paracellular transport of particles
across the intestinal epithelium's single membrane
(Volkheimer 1977). MPs may be prone to the same
processes, since their migration to the circulatory system
upon orally administered has been proven in vivo.
Nevertheless, the harm of consuming MPs is unknown
because little study has been undertaken to determine the
total people exposure to them as well as its consequences.

Dermal contact

Since a paper in 2018 noted, the idea that MPs can
transverse the dermal barrier has arisen (Revel et al.,
2018). This pathway is far more frequently linked to

contact with plastic monomers and additives, for instance
the endocrine disruptors BPA and PHTSs, from regular
usage of everyday items.

Plastic materials have been proven to cause fibrous
encapsulation, an external body response, and mild
inflammatory processes. Although inflammation and
responses to foreign bodies may also be brought by MPs
and NPs exposure, variations in interface characteristics
may also have various impacts. Contact with these
particles could lead to OS in human epithelial cells as
well (Schirinzi et al. 2017).

Therefore, the need for more studies in this field is
supported by the possible negative consequences of NPs
and the ubiquitous cutaneous exposure to plastic particles
(from dust, synthetic fibers, and microbeads in cosmetics)
(Hirt and Body-Malapel 2020). These cosmetic
microbeads are applied to the skin and dentition (Strand
2014). It was observed that a high percentage of them are
fabricated out of PE (Lei et al., 2017). And these
microbeads have a role as emulsions stabilizers, viscosity
regulators and skin conditioners. Therefore, while
emulsions are the basis of the vast majority of cosmetic
products, it can be estimated the wide range of possible
contact while doing makeup, washing ourselves or during
skin care (Leslie 2014). Likewise, some makeup or
washing products contain glitters, which typically are
made from PET polymers (Yurtsever 2019). Another
concern is the mechanical processing of these MPs
during their use, generating potentially harmful NPs.
Their prevalence in items for personal care containing PE
microbeads has also been proven previously (Hernandez
etal., 2017).

Microplastics and their obesogenic effect
in humans

In addition to microbiome dyshiosis caused by MPs and
their  additives, peroxisome proliferator-activated
receptors (PPAR) a, B and vy activation, OS and
membrane damage are also caused by exposure to MPs.
These processes lead to altered adipogenesis and obesity.
These plastics can be of different types: polypropylene
(PP), PS, polycarbonate (PC), PET, PHTSs, PE like High
and Low Density polyethylene (HDPE and LDPE),
polybrominated diphenyl ethers (PBDEs), PVC,
benzothiazole and organotins (Kannan and Vimalkumar
2021). Exposure these plastics that contain traces of co-
polymers sucha as BPA also activates other nuclear
receptors, such as the retinoid X receptor (RXR), which
results in cytotoxicity, altered energy production,
immunotoxicity, and disturbance of thyroid hormones
(Kannan and Vimalkumar 2021).

Nuclear receptor activation increases adipocyte
differentiation while also expanding the white fat
accumulation.

The dysbiosis of gut microbiome induces a metabolic
disruption which provokes a rise in fat storage, an effect
to which it also contributes to altered energy metabolism,
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a consequence of damaged mitochondrial membranes.
This cellular damage, along with a peculiar lipid, fatty
and bile acid metabolism are listed in Figure 1.

According to the size of the MPs particles, various
obesogenic effects have been found in humerous studies.
So, PS particles of 5-20 um accumulate in kidneys, gut
and liver, leading to reduced adenosine triphosphate
(ATP) synthesis, modified lipid metabolism and, also,
hepatic steatosis in mice (Deng et al., 2017; Yang et al.,

MPs and

additives

Nuclear
receptors
activated

Damaged
mitochondrial
membrane

Dysblosls of

g
microbiome

2019). Also in mouse gut, PS particles of 5 um diluted in
certain dosage (100 pg/L and 1000 pg/L) in their
drinking water accumulated and caused dyshiosis in
microbiota and bile acids malabsorption (Jin et al., 2019).
In addition, this dysbiosis was caused by PS particles
between 10 um and 150 pum (Li et al., 2020).

Increased adipocyte
differentiation & broad
deposition of white fat.

Peculiar lipidic, fatty
and bile acid
metabolism

Altered energy
metabolism

Metabolic
disruptionand a
rise in fat slorage

Fig. 1. Obesogenic effect and the mechanisms of MPs and additives. Generated with BioRender.com

Various metabolic pathologies appeared in mice after
exposure to PS particles with sizes between 0.5-50 pm,
especially due to the changes in lipid metabolism. In
addition to this recurrence, alterations have been
observed, such as: a lower body and liver weight (Lu et
al., 2018), accumulation in gut and liver, alongside PE
beads (Deng et al., 2018), pathologic levels of serum
liver markers, modified glycolipid metabolism and due to
exposure of the maternal parent, metabolic changes in
first filial generation (F1), respectively F1 and second
filial generation (F2) descendants have been noticed (Luo
etal., 2019).

Human respiratory system

The behavior, dispersion, and retention period of MPs in
the atmosphere may be dependent on particle size and
density as well as meteorological and environmental
variables such as rainfall totals, wind direction and
velocity, temperature, and urban topography (Prata,
2018). Previously, it was found that the sewage of
wastewater treatment plants (WWTPSs) contains fibers,
particles and microbeads that might play a role in the air

contamination (Li et al., 2018; Mahon et al., 2017). There
is also a significant amount of MPs collected in urban
soil and vehicle dust. Low density polymeric materials
can become rapidly airborne by wind and traffic
circulation (Abbasi et al., 2018).

In addition to microbial biofilms developing on MPs,
exposure to various climatic conditions can also cause
these MPs to absorb different contaminants (Foulon et
al., 2016; Besseling et al., 2017). MPs are not only forced
to change their physical characteristics, including their
size and density, when biofilms develop (McCormick et
al., 2014), but they can also carry infectious agents, such
as Vibrio crassostreae, for example (Foulon et al., 2016).
As far, no studies to date have been done in order to
measure the proportion of MPs within airborne
particulate matter.

The discovery of plastic fibers in pulmonary tissue in the
framework of a human biomonitoring investigation
(Pauly et al., 1998) raised the possibility that airborne
MPs can deposit or accumulate in the lungs. It has been
reported that lungs accumulate fibrous particles that are a
few tens of um in size (Gasperi et al., 2018). Despite the
fact that alveolar macrophages “eat” MPs, harmful
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particles to these cells are measuring 15-20 pum in size.
Numerous different research findings have revealed that
MPs can end up causing lung tissue to respond with
inflammation, cytotoxicity, and genotoxicity (Donaldson
et al., 2000); such an interaction between airborne MPs
with workers in synthetics manufacturing facilities is
linked to lung diseases and therefore this exposure for a
large period of time causes lung conditions such as
asthma and pneumoconiosis (Turcotte et al., 2013; Prata,
2018).

An additional effort to standardize the methodological
approaches is required as a preliminary move in this
regard, since there is currently no consistent method for
quantifying MP amounts in air and dust. In the light of
these findings, it is clear that polymeric fibers can reach
deep compartments of the lungs, and therefore further
studies are necessary (Amato-Lourenco et al., 2020).

Atis et al. (2005) investigated the pulmonary
consequences of occupational PP flock inhalation. In
comparison with the control group, the incidence of
breathing issues elevated to 3.6 fold in workers. Lung
samples collected from employees who had been
subjected to various airborne man-made fibers (acrylic,
polyester (terylene), nylon) exhibited various levels of
inflammation, granulomas and interstitial fibrosis
(Pimentel et al., 1975).

There is some evidence that MPs contamination may
contribute to interstitial lung disease. However, the
original cause of the disease remains largely unknown.
The toxicology of MPs and NPs exposure on cultures of
human epithelial lung cells has not been much studied.
Xu et al. (2019) examined the impact of PS nanoparticles
of 25 nm and 70 nm on the human alveolar epithelial
A549 tumor cell line. The results showed an altered cell
viability, stimulated inflammatory genes transcription
and changes in the expression of proteins linked with cell
cycle and mechanisms that encourage apoptosis. Similar
effects were also discovered in human lung epithelial
BEAS-2B cells by generating reactive oxygen species
(ROS) (Dong et al., 2020). So far, no in vitro
investigations of pulmonary toxicity based on
ecologically relevant circumstances or primary lung cell
cultures have been published.

Given the rising percentage of enteric and respiratory
viruses in the community and environment, human
viruses have a great capability to develop a connection
with the plastisphere. This term refers to the microbial
films found at the junction between the polymer surface
and environment. At this level, different species of
infectious agents can be found, such as
Enterobacteriaceae  (Rodrigues et al,, 2019),
Campylobacter (Zettler et al., 2013) and Vibrio (Kirstein
et al., 2016). Because enteric and respiratory viruses are
so common, there are numerous opportunities for them to
engage with plastic areas in the environment, such as
through transport in wastewater systems, fecal
contamination of environmental plastic passive vectors

and respiratory virus accumulation on polymer substrates
(Moresco et al., 2021).

The processes whereby virions get in contact with and
adhere to biofilms on plastic interfaces in the
environment are poorly studied, as evidenced by the
scarcity of information on potential associations between
viruses like severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which possesses an
envelope, and biofouled plastic substrates (Moresco et
al., 2021).

Effects of microplastics on human
digestive system

According to previous studies, the ubiquity of MPs in
water and food, especially in the case of fish and seafood
was proved. Even so, it is difficult to prove a direct
correlation between these and human intestinal health,
due to insufficient data and studies. The majority of
research focused on animal experiments, so it cannot be
said for sure that the effects observed already are
applicable for humans. Nevertheless, among the
repercussions of MPs and NPs ingestion, there are
known: the dysbiosis of intestinal microbiota, altered
intestinal homeostasis or gut permeability, and gut
inflammation which can lead to immunological
consequences (Hirt and Body-Malapel 2020). These
outcomes can precede the occurrence of chronic disorders
of immune nature. It is also vital to consider the fact that
MPs are not only pieces of plastic, but also contain
additives and other contaminants. These can also be
bacteria or viruses delivery systems. Needless to say,
these can trigger adverse effects.

Also according to animal experiments, it was shown that
plastic particles with diameters more than 150 um are not
able to cross the intestinal mucus barrier; they remain in
this layer, while the apical area of enterocytes is directly
exposed to them. MPs, with a lower diameter than the
previously mentioned limit, have the capacity to cross the
barrier (Alexander et al., 2016). Powell et al. (2010)
presented various mechanisms for the crossing of these
particles, among which are: endocytosis by intestinal
epithelial cells, transcytosis through M-cells, persorption
or paracellular uptake. It is also a possibility of
accumulation of MPs in some organs, like stomach, liver,
kidneys or lungs, as it was identified in mice. If the size
of the plastic particles are small enough, they can travel
through the blood-brain barrier and accumulate in the
brain (Grodzicki et al., 2021).

It is worth considering the connection between the brain
and the digestive system, namely the gut-brain axis (GB
axis). The central key of this axis is the 10th cranial
nerve, the vagus nerve, along with the corresponding
connection with the autonomic nervous system (ANS).
Knowing that the GIT is the most vulnerable due to the
fact that ingestion is the major pathway for MPs to
pervade in the organism, it is obvious that it is getting the
most of the amount of MPs to which the human body is
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exposed to (Cox et al., 2019; Carbery et al., 2018). In a
previous study, the researchers spotted the accumulation
of NPs, namely combustion-derived NPs, in the vagus
nerve in humans. This can have devastating effects on the
nervous system, which can lead to neurodegenerative
diseases, such as Parkinson's or Alzheimer's disease
(Calder6n-Garciduefias et al., 2017).

Another study tried to provide both in vivo and in vitro
details about the effect, absorption or possible
accumulation of PS-MPs in the human intestinal wall.
The researchers used an in vitro human system, with
Caco-2 cell line of human intestinal epithelium cells in
co-culture to resemble the M and goblet cells, while the
in vivo experiments were performed on mice. It was
observed that the highest cytotoxicity was registered for
the smallest particles, while those with a bigger diameter
had no toxic effect (Stock et al., 2019). This can be
explained by the high ratio between surface and volume
of the smaller particles (Sharifi et al., 2012).

Medium sized particles, of 4 um in diameter, were
identified as having entered the cells due to different size-
dependent import pathways. Regarding the in vivo
experiments, too few particles were found to be
considered relevant in the first two thirds of the small
intestine, while in other organs no evidence of the
presence of these particles was found (Stock et al., 2019).
However, it is possible that these results are not found in
the case of people suffering from diseases that affect the
permeability of the intestinal barrier, such as celiac
disease or irritable bowel disease. From a toxicological
point of view, PS-MPs did not show effects in in vivo
studies, unlike those on fishes or other aquatic animals
(Della Torre et al., 2014; Lu et al., 2016), and as a result,
the relevance of these studies for mammals is still
uncertain. Also, other variables such as the size, shape
and type of MPs, but also the interaction between
different types of MPs must be taken into account, which
can determine various, even potentially harmful effects.
Regarding human exposure, it was found that MPs can be
excreted through feces (Zhang et al., 2021) and can be
present in colectomy samples (lbrahim et al., 2020), but
also, more concerning is the fact that PP-MPs were found
in the human placenta (Ragusa et al., 2021), along with
nanobeads of PS (Wick et al., 2010).

Due to the scarcity of human experiments in this respect,
researchers are trying to offer hypotheses regarding the
effects of MPs in the intestine based on the effects
observed in studies on mice. Therefore, recently it was
observed that an exposure of 5 weeks to PS-MPs
determined the appearance of some worrying effects,
such as loose glands, swollen lamina propria,
inflammation and infiltration of immune cells, along with
elevated amounts of proteins with immune implications,
such as Toll-like receptor 4 (TLR4), interferon regulatory
factor 5 (IRF5) and activator protein 1 (AP-1) in human
duodenum and colon (Li et al., 2020). Also, the secretion
of mucus decreased, along with expression of genes
related to it (Jin et al., 2019), especially the main one,

mucin 1, cell surface associated (Mucl) (Lu et al., 2018)
and the level of serum bile acids was lessened (Jin et al.,
2019).

Effects of microplastics on the human
cardiovascular system

A very recent research regarding the ability of plastic
particles to be absorbed through membranes observed the
presence of these particles in human blood. The
prevalence was higher for PET, PE, various types of PS
and polymethyl methacrylate (PMMA) particles, but
traces of PP were also discovered. Besides, this study
measured for the first time the plastic concentration in
human blood, which was found to be 1.6 pg/ml, an
average value obtained from investigating samples of 22
healthy people (Leslie et al., 2022). Obviously, there is a
lack of information on human contact as well as
toxicology regarding the potential health risks, which
makes the long term effects difficult to understand.

Due to preclinical experiment regarding delivery of
different drugs, researchers know about ,accelerated
blood clearance” (Dams et al., 2000), a phenomenon
which can, probably, also happen to these plastic
particles found in human blood. Moreover, MPs can be
studied in the near future along with their mechanisms of
transport in the bloodstream, including whether they float
in plasma or are carried by white cells, as well as the
consequences for the immune system.

Due to the fact that plastic particles can travel through
cellular membranes, they can get to tissues and organs
(Yong et al., 2020), such as brain (Prust et al., 2020) or
placenta (Gruber et al., 2020), which can induce OS and
inflammation, that could lead to various illnesses, such as
cardiovascular diseases (Kelly and Fussell 2020).

The cardiovascular system can be influenced by
hypercoagulability (Lippi et al., 2008) besides the
inflammation, mechanisms that could be affected by
particulate matter (Bai et al., 2007; Apte et al., 2015;
Yuan et al., 2019), in addition to what was previously
mentioned (Hayes et al., 2020).

Regarding the red blood cells (RBC), it was found that
plastic particles can attach to their surface (Avsievich et
al., 2019), altering their ability to aggregate and adhere
(Barshtein et al., 2016). In a recent study, the effects of
PS-NPs on human RBCs and, the increased rate of
thrombosis in rats in an in vivo experiment have been
observed. Among these, it was taken in account an
increase in the rate of hemolysis and thrombin formation,
externalization of phosphatidylserine, ability to adhere to
human umbilical vein endothelial cells (HUVECs) and
microvesicles (MVs) generation. Not only this, but
modifications in ATP, reduced glutathione (GSH) and
calcium levels were present, which activated the
scramblase, a protein with a role in phospholipid
translocation in cells (Kim et al., 2022).

All these consequences lead to damaged RBCs,
cardiovascular toxicity (Kim et al.,, 2020) and venous
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thrombosis, raising the procoagulant activity (Gillespe
and Doctor, 2021). The MVs also carry procoagulant
proteins, which intensify the process of coagulation (Van
Der Meijden et al., 2012), joining to the pathological
causes for thrombotic diseases (Litvinov and Weisel
2017). On account of the features and characteristics of
plastic particles, it is intricate to assume the degree of
connection between these particles and thrombosis. The
dysregulated levels of calcium and ATP are adding to the
procoagulant characteristic of RBCs (Shin et al., 2007),
and are further related to other vascular pathologies, such
as thalassemia (Shalev et al., 1984) and drepanocytic
anemia (Bookchin and Lew 1980).

It is well-known that functional groups, which are
connected to the particle surface, influence their toxicity
(Qian et al., 2021). Kim et al. (2022) observed that the
amine-modified PS-MPs had the highest procoagulant
effects — compared to plain or carboxyl-modified PS-
MPs. Additional research supported this conclusion, and
other effects, such as the ability to cause apoptosis or the
loss of potential in the mitochondrial membrane in the
lungs, kidneys, and liver, have been reported (Anguissola
etal., 2014).

Effects of microplastics on the human
reproductive system

Besides other human systems, the reproductive system is
also affected by plastic exposure. The damage produced
by it is different in the female and male systems. So, for
PHTSs an anti-progestogenic activity (Morgenstern et al,
2017) and anti-estrogenic/-androgenic one (Lauretta et
al., 2019) have been noticed. Research on these
compounds found that the anogenital distance in male
infants was altered (Suzuki et al., 2012), and an effect in
the case of BPA (Miao et al., 2011) was also observed.
BPA is a notorious competitive estrogen inhibitor and has
the ability to damage nervous, immune or reproductive
tissues (Sinha and Wilson, 2021). It binds to the receptor
of estrogens (ERo/P), altering the expression of genes
controlled by these transcription factors (Wetherill et al.,
2007). The interaction with PHTs in humans may impair
fertility, emphasizing the significance of restricting
access to these endocrine-disrupting chemicals (EDCs).
Despite the fact that exposure concerns are not fully
defined, PHTs have the ability to cause an endocrine
disruption to the human reproductive system.

Female reproductive system

Given that there have been very few studies on the
female reproductive system and the effects of EDCs on it,
the issue is not well understood. PHTs and BPA have
been associated with an increased risk of developing
endometriosis (Upson et al., 2013) and polycystic ovarian
syndrome (PCOS) (Vagi et al., 2014). Furthermore, di-(2-
ethylhexyl) phthalate (DEHP), a substance used to
increase the flexibility of plastics, may also play a role in
this increased risk (Cobellis et al., 2003). Due to its

activity on the ovules or changes in the hypothalamic-
pituitary-ovary axis, PHTs exposure was found to have a
directly related link with primary ovarian insufficiency
(POI), precocious puberty (Mesquita et al., 2021), and
menopause (Grindler et al., 2015)

Regarding pregnancy, PTH exposure determined a higher
risk of preterm pregnancy, but this mechanism and the
altogether effect on pregnancy is still not fully
understood (Kamai et al., 2019; Mesquita et al., 2021). In
the case of in vitro fertilization, the risk of failure is
higher due to this exposure, mainly because of the
decline in number and degree of maturation and
fertilization of oocytes. Also, a higher chance of low-
quality embryos generation occurred (Mesquita et al.,
2021).

Male reproductive system

Regarding the masculine reproductive system, a
modification in erectile, arousal and orgasmic functions
due to the exposure to BPA (Li et al., 2010) was noticed.
Moreover, a variation in sperm concentration, mobility of
spermatozoids and damage of deoxyribonucleic acid
(DNA) due to BPA and PHTSs toxicity was reported (Li et
al., 2011; Lassen et al., 2014; Pant et al., 2014).

The exposure to PHTs caused a variety of effects,
depending on the subtype of PHTs and the biological
sample analyzed. The main features followed were: the
volume of ejaculated semen, its spermatozoa
concentration, motility and morphology, but also their
DNA damage. In the case of the last mentioned
biomarker, a clear increase was recorded, despite the
sample analyzed, due to the effect of DEHP (Wang et al.,
2016; Huang et al., 2011) and mono-n-butyl phthalate
(MnBP) (Jurewicz et al., 2013). Regarding to the
correlation between spermatozoa motility and DEHP
exposure, no changes were registered in semen probes in
some studies (Zhang et al., 2006; Thurston et al., 2016),
while others found a decline of this feature in the semen
exposed to this EDC (Pant et al., 2008; Huang et al.,
2011). About the relationship between spermatozoa
motility and exposure to dibutyl phthalate (DBP), no
modifications were observed in semen (Zhang et al.,
2006; Thurston et al., 2016), whereas other studies found
a decrease of this parameter (Hauser et al., 2006; Pant et
al., 2008). The only increase in motility was noticed in
the samples exposed to mono-(2-ethylhexyl) phthalate
(MEHP) (Bloom et al.,, 2015) and mono-isobutyl
phthalate (MiBP) (Thurston et al., 2016).

Considering the correlation between spermatozoa
concentration and exposure of semen to DBP, no
alteration was seen in some studies (Zhang et al., 2006;
Thurston et al., 2016), while others observed a decrease
of it (Hauser et al., 2006; Pant et al., 2008; Wang et al.,
2015). The contact of these types of samples with DEHP
showed either no change (Zhang et al., 2006; Thurston et
al., 2016), either a lower concentration of spermatozoa
(Wirth et al., 2008; Pant et al., 2008; Wang et al., 2015,
Minguez-Alarcon et al., 2018). Also, the morphology of
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spermatozoa exposed to DBP was not affected by PHT
exposure (Zhang et al., 2006), whereas this was affected
by DEHP presence (Pant et al., 2008).

After of PE-MPs administration, levels of testosterone,
luteinizing hormone (LH), and foliculo-stimulating
hormone (FSH), which are essential for sperm
production, were significantly decreased. While LH is
responsible for stimulating Leydig cells (LCs) to
synthesize testosterone, FSH maintains the proliferation
of juvenile Sertoli cells (SCs) and spermatogonia
(Ramaswamy and Weinbauer, 2014). PE-MPs intake
decreased levels of testosterone and gonadotropins LH
and FSH, potentially as a result of disrupting the
hypothalamus-pituitary-gonadal axis (HPGA) (ljaz et al.,
2022).

Conclusions

References

To summarize, MPs and NPs are highly varied,
originating from a wide range of sources and impacting
the whole environment. Although there are alternatives to
reduce the amount of plastics, such as: the decrease of
their usage in everyday life, recycling or use of bacteria
and worms that can digest plastic, their effectiveness is
limited because some plastics are not biodegradable. The
consequences of these particles exposure vary depending
on their size, shape, concentration, and source, and they
can disrupt any human biological system, such as the
pulmonary, digestive or cardiovascular system. Increased
risk of asthma, granulomas, interstitial fibrosis,
pneumoconiosis, dysbiosis of gut microbiota, altered gut
permeability and inflammation, altered bile secretion,
immunological implications, increased risk of thrombosis
can all be induced by these particles. Taking in
consideration that MPs have been found in the human
placenta, the effects can be exerted on the fetus. Despite
countless animal studies, many questions about the
severity of the condition remain unresolved, particularly
in the case of humans, due to the bioethical aspects.
Further research on the consequences on various
organisms, as well as novel methods for combating these
polymers and the particles derived from them, are
required.

©The Author(s) 2023

Open Access This article is distributed under the terms of
the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/)
which permits unrestricted use, distribution, and
reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and
indicate if changes were made.

Abbasi S., Keshavarzi B., Moore F., Turner A., Kelly F.
J., Dominguez A. 0., Jaafarzaden N. 2019.
Distribution and potential health impacts of
microplastics and microrubbers in air and street dusts
from Asaluyeh County, Iran. Environ. Pollut. 244,
153-164.

Alexander J., Barreg L., Bignami M., Ceccatelli S.,
Cottril B., Dinovi M., Edler L., Grasl-Kraupp B.,
Hogstrand C., Hoogenboom L.R., Knutsen H.K,,
Nebbia C.S., Oswald I., Petersen A., Rogiers V.M.,
Rose M., Roudot A.C., Schwerdtle T., Vleminckx C.,
Vollmer G., Wallace H. 2016. Presence of
microplastics and nanoplastics in food, with particular
focus on seafood. EFSA Journal 14, 4501.

Amato-Lourenco L. F., Dos Santos Galvéao L., de Weger
L. A, Hiemstra P. S., Vijver M. G., Mauad T. 2020.
An emerging class of air pollutants: Potential effects
of microplastics to respiratory human health? Sci.
Total Environ. 749, 141676.

Anguissola S., Garry D., Salvati A., O’Brien P. ],
Dawson K. A. 2014. High content analysis provides
mechanistic insights on the pathways of toxicity
induced by amine-modified polystyrene nanoparticles.
PloS One 9, e108025.

Apte J. S., Marshall J. D., Cohen A. J., Brauer M. 2015.
Addressing global mortality from ambient PM2.5.
Environ. Sci. Technol. 49, 8057—8066.

Atis S., Tutluoglu B., Levent E., Ozturk C., Tunaci A.,
Sahin K., Saral A., Oktay I., Kanik A., Nemery B.
2005. The respiratory effects of occupational
polypropylene flock exposure. Eur. Respir. J. 25,
110-117.

Avsievich T., Popov A., Bykov A., Meglinski I. 2019.
Mutual interaction of red blood cells influenced by
nanoparticles. Sci. Rep. 9, 5147.

Badea M.A., Balas M., Dinischiotu A. 2023.
Microplastics in Freshwaters: Implications for aquatic
autotrophic organisms and fauna health. Microplastics
2, 39-59.

Bai N., Khazaei M., van Eeden S. F., Laher, I. 2007. The
pharmacology of particulate matter air pollution-
induced cardiovascular dysfunction. Pharmacol. Ther.
113, 16-29.

Barshtein G., Livshits L., Shvartsman L. D., Shlomai N.
O., Yedgar S., Arbell, D. 2016. Polystyrene
nanoparticles activate erythrocyte aggregation and
adhesion to endothelial cells. Cell Biochem. Biophys.
74, 19-27.

Besseling E., Quik J. T. K., Sun M., Koelmans A. A.
2017. Fate of nano- and microplastic in freshwater
systems: A modeling study. Environ. Pollut. 220,
540-548.

Bloom M. S., Whitcomb B. W., Chen Z., Ye A., Kannan
K., Buck Louis G. M. 2015. Associations between
urinary phthalate concentrations and semen quality
parameters in a general population. Hum. Reprod. 30,
2645-2657.



)
o)
3]
c

=
3]

n

®

=

S
7]
S

<

)

e
c
©

©

2
o

o

=

)

=
(72)
=

=
>
@)
o

Bunea and Dinischiotu / Rev. Biol. Biomed. Sci. 2022-2023 5 (1) 1-13 9

Bookchin R. M., Lew V. L. 1980. Progressive inhibition
of the Ca pump and Ca: Ca exchange in sickle red
cells. Nature 284, 561-563.

Brown D.M., Wilson M.R., MacNee W., Stone V.,
Donaldson K. 2001. Size-dependent proinflammatory
effects of ultrafine polystyrene particles: a role for
surface area and oxidative stress in the enhanced
activity of ultrafines. Toxicol. Appl. Pharmacol. 175,
191-199.

Browne M.A., Dissanayake A., Galloway T.S., Lowe D.
M., Thompson R. C. 2008. Ingested microscopic
plastic translocates to the circulatory system of the
mussel, Mytilus edulis (L.). Environ. Sci. Technol. 42,
5026-5031.

Calderén-Garciduefias L., Reynoso-Robles R., Pérez-
Guillé B., Mukherjee P. S., Gonzalez-Maciel A. 2017.
Combustion-derived nanoparticles, the neuroenteric
system, cervical vagus, hyperphosphorylated alpha
synuclein and tau in young Mexico City residents.
Environ. Res. 159, 186-201.

Carbery M., O'Connor W., Palanisami T. 2018. Trophic
transfer of microplastics and mixed contaminants in
the marine food web and implications for human
health. Environ. Int. 115, 400—409.

Carrington D., 2019. People eat at least 50,000 plastic
particles a year, study finds, The Guardian, 5 June,
accessed November 2022.

Chua M. H., Cheng W., Goh S. S., Kong J., Li B., Lim J.
Y. C, Mao L., Wang S., Xue K., Yang L., Ye E,
Zhang K., Cheong W. C. D., Tan B. H., Li Z., Tan B.
H., Loh X. J. 2020. Face masks in the new COVID-19
normal: Materials, testing, and perspectives. Research
7286735.

Cobellis L., Latini G., De Felice C., Razzi S., Paris I.,
Ruggieri F., Mazzeo P., Petraglia F. 2003. High
plasma concentrations of di- (2-ethylhexyl)-phthalate
in women with endometriosis. Hum. Reprod. 18,
1512-1515.

Cox K. D., Covernton G. A., Davies H. L., Dower J. F.,
Juanes F., Dudas S. E. 2019. Human consumption of
microplastics. Environ. Sci. Technol., 53(12), 7068—
7074.

Dams E. T., Laverman P., Oyen W. J., Storm G,
Scherphof G. L., van Der Meer J. W., Corstens F. H.,
Boerman O. C. 2000. Accelerated blood clearance and
altered Dbiodistribution of repeated injections of
sterically stabilized liposomes. J. Pharmacol. Exp.
Ther. 292, 1071-1079.

de S4 L.C., Oliveira M., Ribeiro F., Rocha T. L., Futter
M. N. 2018. Studies of the effects of microplastics on
aquatic organisms: What do we know and where
should we focus our efforts in the future? Sci. Total
Environ. 645, 1029-1039.

Della Torre C., Bergami E., Salvati A., Faleri C., Cirino
P., Dawson K. A., Corsi |. 2014. Accumulation and
embryotoxicity of polystyrene nanoparticles at early
stage of development of sea urchin embryos

Paracentrotus lividus. Environ. Sci. Technol. 48,
12302-12311.

Deng Y., Zhang Y., Lemos B., Ren, H. 2017. Tissue
accumulation of microplastics in mice and biomarker
responses suggest widespread health risks of
exposure. Sci. Rep. 24, 46687.

Deng Y., Zhang Y., Qiao R., Bonilla M. M. Yang X,
Ren H., Lemos B. 2018. Evidence that microplastics
aggravate the toxicity of organophosphorus flame
retardants in mice (Mus musculus). J. Hazard. Mater.
357, 348-354.

Donaldson K, Stone V, Gilmour P, Brown D, MacNee
W. 2000. Ultra-fine Particles: Mechanisms of lung
injury. Philos. Trans. R. Soc. London. Ser. A. Math.
Phys. Eng. Sci. 358, 2741 —2749.

Dong C.-D., Chen C.-W., Chen Y.-C., Chen H.-H., Lee
J.-S., Lin C.-H. 2020. Polystyrene microplastic
particles: In vitro pulmonary toxicity assessment. J.
Hazard. Mater. 385, 121575.

Ensign L. M., Cone R., Hanes J. 2012. Oral drug delivery
with polymeric nanoparticles: the gastrointestinal
mucus barriers. Adv. Drug Deliv. Rev. 64, 557-570.

Foulon V., Le Roux F., Lambert C., Huvet A., Soudant
P., Paul-Pont I. 2016. Colonization of polystyrene
microparticles by Vibrio crassostreae: Light and
electron microscopic investigation. Environ. Sci.
Technol. 50, 10988-10996.

Gasperi J., Wright S.L., Dris R., Collard F., Mandin C.,
Guerrouache M., Langlois V., Kelly F.J., Tassin B.
2018. Microplastics in air: Are We Breathing it in?
Curr. Opin. J. Environ. Sci. Health. 1, 1-5.

Grindler N. M., Allsworth J. E., Macones G. A., Kannan
K., Roehl K. A., Cooper A. R. 2015. Persistent
organic pollutants and early menopause in U.S.
women. PLOS One 10, e0116057.

Grodzicki W., Dziendzikowska K., ~Gromadzka-
Ostrowska J., Kruszewski M. 2021. Nanoplastic
impact on the gut-brain axis: Current knowledge and
future directions. Int. J. Mol. Sci., 22, 12795.95

Gruber M. M., Hirschmugl B., Berger N., Holter M.,
Radulovi¢ S., Leitinger G., Liesinger L., Berghold A.,
Roblegg E., Birner-Gruenberger R., Bjelic-Radisic V.,
Wadsack C. 2020. Plasma proteins facilitates
placental transfer of polystyrene particles. J.
Nanobiotechnology 18, 128.

Hale R. C., Seeley M. E., La Guardia M. J., Mai L., Zeng
E. Y. 2020. A global perspective on microplastics. J.
Geophys. Res. Oceans, 125. e2018JC01471.

Hauser R., Meeker J. D., Duty S., Silva M. J., Calafat A.
M. 2006. Altered semen quality in relation to urinary
concentrations of phthalate monoester and oxidative
metabolites. Epidemiology 17, 682—691.

Hayes R. B., Lim C., Zhang Y., Cromar K., Shao Y.,
Reynolds H. R., Silverman D. T., Jones R. R., Park
Y., Jerrett M., Ahn J., Thurston G. D. 2020. PM2.5 air
pollution and cause-specific cardiovascular disease
mortality. Int. J. Epidemiol. 49, 25-35.



0
)
3)
c

e
3)

0p)

®
=

S
)
S

=

28]

g
c
©

®

=
o
=
=)

28]

=
%)
=

L
>
@)

0

10 Bunea and Dinischiotu / Rev. Biol. Biomed. Sci. 2022-2023 5 (1) 1-13

Hernandez L. M., Yousefi N., Tufenkji N. 2017. Are
There nanoplastics in your pPersonal care products?
Environ. Sci. Technol. Lett. 4, 280-285.

Hirt N., Body-Malapel M. 2020. Immunotoxicity and
intestinal effects of nano- and microplastics: a review
of the literature. Part. Fibre Toxicol. 17, 57.

Huang LP., Lee C.-C., Hsu P.-C., Shih T.-S. 2011. The
association between semen quality in workers and the
concentration of di-(2-ethylhexyl) phthalate in
polyvinyl chloride pellet plant air. Fertil. Steril. 96,
90-94.

Ibrahim Y. S., Tuan Anuar S., Azmi A. A., Wan Mohd
Khalik W. M. A., Lehata S., Hamzah S. R., Ismail D.,
M, Z. F., Dzulkarnaen A., Zakaria Z., Mustaffa N.,
Tuan Sharif S. E., Lee Y. Y. 2021. Detection of
microplastics in human colectomy specimens. JGH, 5,
116-121.

ljaz M. U., Ayaz F., Mustafa S., Ashraf A., Albeshr M.
F., Riaz M. N., Mahboob S. 2022. Toxic effect of
polyethylene  microplastic on  testicles and
ameliorative effect of luteolin in adult rats:
Environmental challenge. J. King. Saud. Univ. Sci.
102064.

JinY, LulL., TuW, Luo T., Fu Z. 2019. Impacts of
polystyrene microplastic on the gut barrier, microbiota
and metabolism of mice. Sci. Total Environ. 649,
308-317.

Jurewicz J., Radwan M., Sobala W., Ligocka D., Radwan
P., Bochenek M., Hawuta W., Jakubowski L., Hanke
W. 2013. Human urinary phthalate metabolites level
and main semen parameters, sperm chromatin
structure, sperm aneuploidy and reproductive
hormones. Reprod. Toxicol. 42, 232-241.

Kamai E. M., McElrath T. F., Ferguson K.K. 2019. Fetal
growth in environmental epidemiology: Mechanisms,
limitations, and a review of associations with
biomarkers of non-persistent chemical exposures
during pregnancy. EHS, 18, 43.

Kannan K., Vimalkumar K. 2021. A Review of human
exposure to microplastics and insights into
microplastics as obesogens. Front. Endocrinol. 12,
724989.

Karami A., Golieskardi A., Keong Choo C., Larat V.,
Galloway T. S., Salamatinia B. 2017. The presence of
microplastics in commercial salts from different
countries. Sci. Rep. 7, 46173.

Kelly F. J., Fussell J. C. 2020. Toxicity of airborne
particles—established evidence, knowledge gaps and
emerging areas of importance. Philos. Trans. Royal
Soc. 378, 20190322.

Kim E.-H., Choi S., Kim D., Park H. J., Bian Y., Choi S.
H., Chung H. Y., Bae O.-N. 2022. Amine-modified
nanoplastics promote the procoagulant activation of
isolated human red blood cells and thrombus
formation in rats. Part. Fibre Toxicol. 19, 1-15.

Kim K.-A., Kim D., Kim J.-H., Shin Y.-J., Kim E.-S.,
Akram M., Kim E.-H., Majid A., Baek S.-H., Bae O.-
N. 2020. Autophagy-mediated occludin degradation

contributes to blood-brain barrier disruption during
ischemia in bEnd.3 brain endothelial cells and rat
ischemic stroke models. Fluids Barriers CNS, 17, 21.

Kirstein 1. V., Kirmizi S., Wichels A., Garin-Fernandez
A., Erler R., Léder M., Gerdts, G. 2016. Dangerous
hitchhikers? Evidence for potentially pathogenic
Vibrio spp. on microplastic particles. Mar. Environ.
Res. 120, 1-8.

Lassen T.H., Frederiksen H., Jensen T.K., Petersen J.H.,
Joensen U.N., Main K.M., Skakkebaek N.E., Juul, A.
Jorgensen N., Andersson A.M. 2014. Urinary
bisphenol A levels in young men: association with
reproductive hormones and semen quality. EHP. 122,
478-484.

Lauretta R., Sansone A., Sansone M., Romanelli F.,
Appetecchia M. 2019. Endocrine disrupting
chemicals: Effects on endocrine glands. Front.
Endocrinol. 10, 178.

Lei K., Qiao F., Liu Q., Wei Z., Qi H,, Cui S,, Yue X,
Deng Y., An L. 2017. Microplastics releasing from
personal care and cosmetic products in China. Mar.
Pollut. Bull. 123, 122-126.

Leslie H. A., van Velzen M. J. M., Brandsma S. H.,
Vethaak A. D., Garcia-Vallejo J. J., Lamoree M. H.
2022. Discovery and quantification of plastic particle
pollution in human blood. Environ. Int. 163, 107199.

Leslie H.A., 2014. Review of microplastics in cosmetics.

IVM  Institute  for  Environmental  Studies.

https://www.resource-

recovery.net/sites/default/files/leslie_plastic_ingredien
ts_in_cosmetics 2014.pdf

B., Ding Y., Cheng X., Sheng D., Xu Z., Rong Q., Wu

Y., Zhao H., Ji X., Zhang Y. 2020. Polyethylene

microplastics affect the distribution of gut microbiota

and inflammation development in mice. Chemosphere

244, 125492.

D.-K., Zhou Z., Miao M., He Y., Qing D., Wu T.,

Wang J., Weng X., Ferber J., Herrinton L.J., Zhu Q.,

Gao E., Yuan W. 2010. Relationship between urine

bisphenol-A level and declining male sexual function.

J. Androl. 31, 500-506.

D.K., Zhou Z., Miao M., He Y., Wang J., Ferber J.,

Herrinton L.J., Gao E., Yuan W. 2011. Urine

bisphenol-A (BPA) level in relation to semen quality.

Fertil. Steril. 95, 625-630.

Li J.,, Qu X., Su L., Zhang W., Yang D., Kolandhasamy

P., Li D., Shi H. 2016. Microplastics in mussels along

the coastal waters in China. Environ. Pollut. 214, 177-

184.

L., Zzhao X., Li Z., Song K. 2021. COVID-19:

Performance study of microplastic inhalation risk

posed by wearing masks. J. Hazard. Mater. 411,

124955.

Li X., Chen L., Mei Q., Dong B., Dai X., Ding G., Zeng
E. Y. 2018. Microplastics in sewage sludge from the
wastewater treatment plants in China. Water Res. 142,
75-85.

Li

Li

Li

Li



0
o)
3)
=

=
o

0p]
®
=

S
J)
S

=

m

e
=
@®©

IS

A
o

A=)

=

m

=
2}
=

=
>
)
'

Bunea and Dinischiotu / Rev. Biol. Biomed. Sci. 2022-2023 5 (1) 1-13 11

Liebezeit G., Liebezeit E. 2013. Non-pollen particulates
in honey and sugar. Food Addit. Contam. Part A
Chem. Anal. Control Expo. Risk Assess. 30, 2136—
2140.

Lippi G., Favaloro E. J., Franchini M., Guidi G. C. 2008.
Air pollution and coagulation testing: a new source of
biological variability? Thromb. Res. 123, 50-54.

Litvinov R. I., Weisel J. W. 2017. Role of red blood cells
in haemostasis and thrombosis. ISBT Sci. Ser. 12,
176-183.

Lu L., Wan Z.,, Luo T., Fu Z., Jin Y. 2018. Polystyrene
microplastics induce gut microbiota dysbiosis and
hepatic lipid metabolism disorder in mice. Sci. Total
Environ. 631-632, 449-458.

Lu Y., Zhang Y., Deng Y., Jiang W., Zhao Y., Geng J.,
Ding L., Ren H. 2016. Uptake and accumulation of
polystyrene microplastics in zebrafish (Danio rerio)
and toxic effects in liver. Environ. Sci. Technol. 50,
4054-4060.

Luo T., Wang C., Pan Z., Jin C., Fu Z,, Jin Y. 2019.
Maternal polystyrene microplastic exposure during
gestation and lactation altered metabolic homeostasis
in the dams and their F1 and F2 offspring. Environ.
Sci. Technol. 53, 10978-10992.

Mahon A. M., O’Connell B., Healy M.G., O’Connor I.,
Officer R., Nash R., Morrison L. 2017. Microplastics
in sewage sludge: Effects of treatment. Environ. Sci.
Technol. 51, 810-818.

McCormick A., Hoellein T.J., Mason S.A., Schluep J.,
Kelly, J.J. 2014. Microplastic is an abundant and
distinct microbial habitat in an urban river. Environ.
Sci. Technol. 48, 11863-11871.

Mesquita 1., Lorigo M., Cairrao E. 2021. Update about
the disrupting-effects of phthalates on the human
reproductive system. Mol. Reprod. Dev. 88, 650— 672.

Miao M., Yuan W., He Y., Zhou Z., Wang J., Gao E., Li
G., Li D.-K. 2011. In utero exposure to bisphenol-A
and anogenital distance of male offspring. Birth
Defects Res. Part A: Clin. Mol. Teratol. 91, 867-872.

Minguez-Alarcon L., Williams P. L., Chiu Y. H., Gaskins
A. J., Nassan F. L., Dadd R., Petrozza J., Hauser R.,
Chavarro J. E., Earth Study T. 2018. Secular trends in
semen parameters among men attending a fertility
center between 2000 and 2017: Identifying potential
predictors. Environ. Int. 121, 1297-1303.

Moresco V., Oliver D. M., Weidmann M., Matallana-
Surget S., Quilliam R. S. 2021. Survival of human
enteric and respiratory viruses on plastics in soil,
freshwater, and marine environments. Environ. Res.
199, 111367.

Morgenstern R., Whyatt R. M., Insel B. J., Calafat A. M.,
Liu X., Rauh V. A., Herbstman J., Bradwin G.,
Factor-Litvak P. 2017. Phthalates and thyroid function
in preschool age children: Sex specific associations.
Environ. Int. 106, 11-18.

Neves D., Sobral P., Ferreira J. L., Pereira T. 2015.
Ingestion of microplastics by commercial fish off the
Portuguese coast. Mar. Pollut. Bull. 101, 119-126.

OBmann B. E., Sarau G., Holtmannspdtter H.,
Pischetsrieder M., Christiansen S.H., Dicke W. 2018.
Small-sized microplastics and pigmented particles in
bottled mineral water. Water Res. 141, 307—-316.

Pant N., Kumar G., Upadhyay A.D., Patel D.K., Gupta
Y.K., Chaturvedi P.K. 2014. Reproductive toxicity of
lead, cadmium, and phthalate exposure in men.
Environ. Sci. Pollut. Res. Int. 21, 11066-11074.

Pant N., Shukla M., Kumar Patel D., Shukla Y., Mathur
N., Kumar Gupta Y., Saxena D. K. 2008. Correlation
of phthalate exposures with semen quality. Toxicol.
Appl. Pharmacol. 231, 112-116.

Patti A., Acierno D. 2022. Towards the Sustainability of
the Plastic Industry through Biopolymers: Properties
and Potential Applications to the Textiles World.
Polymers 14, 692.

Pauly J.L., Stegmeier S.J., Allaart H.A., Cheney R.T.,
Zhang P.J., Mayer A.G., Streck R.J. 1998. Inhaled
cellulosic and plastic fibers found in human lung
tissue. Cancer Epidemiol. Biomarkers Prev. 7, 419—
428.

Pimentel J.C., Avila R., Lourenco A.G. 1975.
Respiratory disease caused by synthetic fibres: a new
occupational disease. Thorax 30, 204-219.

Porter D.W., Castranova,V., Robinson V.A., Hubbs A.F.,
Mercer R.R., Scabilloni J., Goldsmith T., Schwegler-
Berry D., Battelli L., Washko R., Burkhart J.,
Piacitelli C., Whitmer M., Jones W. 1999. Acute
inflammatory reaction in rats after intratracheal
instillation of material collected from a nylon flocking
plant. JTEHS. Part A, 57, 25-45.

Powell J.J., Faria N., Thomas-McKay E., Pele, L.C.
2010. Origin and fate of dietary nanoparticles and
microparticles in the gastrointestinal tract. J.
Autoimmun. 34, J226-J233.

Powell JJ., Thoree V., Pele, L.C. 2007. Dietary
microparticles and their impact on tolerance and
immune responsiveness of the gastrointestinal tract.
BJN S59-S63.

Prata J. C. 2018. Airborne microplastics: Consequences
to human health? Environ. Pollut. 234, 115-126.

Prata J.C., da Costa J.P., Lopes I., Duarte A.C., Rocha-
Santos T. 2020. Environmental exposure to
microplastics: An overview on possible human health
effects. Sci. Total Environ. 702, 134455.

Prast M., Meijer J., Westerink R.H.S. 2020. The plastic
brain: neurotoxicity of micro- and nanoplastics. Part.
Fibre Toxicol. 17, 24.

Qian J., He X., Wang P., Xu B., Li K., Lu B., Jin W.,,
Tang S. 2021. Effects of polystyrene nanoplastics on
extracellular polymeric substance composition of
activated sludge: The role of surface functional
groups. Environ. Pollut. 279, 116904.

Ragusa A., Swvelato A., Santacroce C., Catalano P.,
Notarstefano V., Carnevali O., Papa F., Rongioletti
M.C.A., Baiocco F., Draghi S., D’Amore E., Rinaldo
D., Matta M., Giorgini E. 2021. Plasticenta: First



)
o)
3]
c

=
3]

n

©

e

S
7]
S

=

m

g
c
S

®

=
o
=
=

m

=
0
=

i
>
@)

0

12 Bunea and Dinischiotu / Rev. Biol. Biomed. Sci. 2022-2023 5 (1) 1-13

evidence of microplastics in human placenta. Environ.
Int. 146, 106274.

Ramaswamy S., Weinbauer G.F. 2014. Endocrine control
of spermatogenesis: Role of FSH and LH/testosterone.
Spermatogenesis 4, €996025.

Revel M., Chéatel A., Mouneyrac C. 2018. Micro
(nano)plastics: A threat to human health? Curr. Opin.
Environ. Sci. Health 1, 17-23.

Rivera A.M., Strauss K.W., van Zundert A., Mortier E.
2005. The history of peripheral intravenous catheters:
How little plastic tubes revolutionized medicine. Acta
Anaesth. Belg. 56, 271-282.

Rodrigues A., Oliver D.M., McCarron A., Quilliam R.S.
2019. Colonisation of plastic pellets (nurdles) by E.
coli at public bathing beaches. Mar. Pollut. Bull. 139,
376-380.

Salim S.Y., Kaplan G.G., Madsen K.L. 2014. Air
pollution effects on the gut microbiota: a link between
exposure and inflammatory disease. Gut Microbes 5,
215-219.

Schirinzi G.F., Pérez-Pomeda I., Sanchis J., Rossini C.,
Farré M., Barcel6 D. 2017. Cytotoxic effects of
commonly used nanomaterials and microplastics on
cerebral and epithelial human cells. Environ. Res. 159,
579-587.

Shalev O., Mogilner S., Shinar E., Rachmilewitz E.A.,
Schrier S.L. 1984. Impaired erythrocyte calcium
homeostasis in beta-thalassemia. Blood 64, 564—566.

Sharifi S., Behzadi S., Laurent S., Forrest M.L., Stroeve
P., Mahmoudi M. 2012. Toxicity of nanomaterials.
Chem. Soc. Rev. 41, 2323-2343.

Shin J.-H., Lim K.-M., Noh J.-Y., Bae O.-N., Chung S.-
M., Lee M.-Y., Chung J.-H. 2007. Lead-induced
procoagulant activation of erythrocytes through
phosphatidylserine exposure may lead to thrombotic
diseases. Chem. Res. Toxicol. 20, 38—43.

Sinha R., Wilson M. 2021. The Effects of Marine
Microplastics on Marine Life and Human Health in
the Bay of Bengal. JSR, 10.

Song W., Pan B., Kan H., Xu Y., Yi Z. 2020. Heat
inactivating and reusing of virus-contaminated
disposable medical mask. medRxiv.
Do0i:10.1101/2020.07.01.20144527

Stock V., Béhmert L., Lisicki E., Block R., Cara-
Carmona J., Pack L.K., Selb R., Lichtenstein D., Voss
L., Henderson C.J., Zabinsky E., Sieg H., Braeuning
A., Lampen A. 2019. Uptake and effects of orally
ingested polystyrene microplastic particles in vitro
and in vivo. Arch. Toxicol. 93, 1817-1833.

Strand J. 2014. Contents of polyethylene microplastic in
some selected personal care products in Denmark.
International Conference on Plastics in Marine
Environments, 24 Sept 2014, Reykjavik, Iceland,
Poster, 1p.

Suzuki Y., Yoshinaga J., Mizumoto Y., Serizawa S.,
Shiraishi H. 2012. Foetal exposure to phthalate esters
and anogenital distance in male newborns. Int. J.
Androl. 35, 236-244.

Szentkuti L. 1997. Light microscopical observations on
luminally administered dyes, dextrans, nanospheres
and microspheres in the pre-epithelial mucus gel layer
of the rat distal colon. JCR 46, 233-242.

Thurston S.W., Mendiola J., Bellamy A.R., Levine H.,
Wang C., Sparks A., Redmon J.B., Drobnis E.Z.,
Swan, S.H. 2016. Phthalate exposure and semen
quality in fertile US men. Andrology 4, 632-638.

Turcotte S.E., Chee A., Walsh R., Grant F.C., Liss G.M.,
Boag A., Forkert L., Munt P.W., Lougheed M.D.
2013. Flock Worker’s Lung Disease: Natural History
of Cases and Exposed Workers in Kingston, Ontario.
Chest 143, 1642 -1648.

Upson K., Sathyanarayana S., De Roos A.J., Thompson
M.L., Scholes D., Dills R., Holt V.L. 2013. Phthalates
and risk of endometriosis. Environ. Res. 126, 91-97

Vagi S.J., Azziz-Baumgartner E., Sjodin A., Calafat
A.M., Dumesic D., Gonzalez L., Kato K., Silva M.J.,
Ye X., Azziz R., 2014. Exploring the potential
association between brominated diphenyl ethers,
polychlorinated biphenyls, organo-chlorine pesticides,
perfluorinated compounds, phthalates, and bisphenol
A in polycystic ovary syndrome: a case-control study.
BMC Endocr. Disord. 14, 86.

Van Der Meijden P.E.J., Van Schilfgaarde M., Van QOerle
R., Renné T., ten Cate H., Spronk H.M.H. 2012.
Platelet- and erythrocyte-derived microparticles
trigger thrombin generation via factor Xlla. JTH 10,
1355-1362.

Volkheimer G. 1977. Persorption of particles: physiology
and pharmacology. Adv. Pharmacol. Chemother. 14,
163-187.

Wang Y.X., Zeng Q., Sun Y., You L., Wang P., Li M.,
Yang P., Li J., Huang Z., Wang C., Li S., Dan Y., Li
Y.F., Lu W.Q. 2016. Phthalate exposure in association
with serum hormone levels, sperm DNA damage and
spermatozoa apoptosis: A cross-sectional study in
China. Environ. Res. 150, 557-565.

Wang Y.X., You L., Zeng Q., Sun Y., Huang Y.-H.,
Wang C., Wang P., Cao W.C,, Yang P., Li Y.F.,, Lu
W. Q. 2015. Phthalate exposure and human semen
quality: Results from an infertility clinic in China.
Environ Res. 142, 1-9.

Watts AJ.R., Lewis C., Goodhead R.M., Beckett S.J.,
Moger J., Tyler C.R., Galloway T.S. 2014. Uptake
and retention of microplastics by the shore crab
Carcinus maenas. Environ. Sci. Technol. 48, 8823—
8830.

Weber Macena M., Carvalho R., Cruz-Lopes L.P., Guine
R.P.F. 2021. Plastic Food Packaging: Perceptions and
Attitudes of  Portugese  Consumers  about
Environmental Impact and Recycling. Sustainability
13, 9953.

Wetherill Y.B., Akingbemi B., Kanno J., McLachlan
J.A., Nadal A., Sonnenschein C., Watson C.S., Zoeller
R.T. Belcher S.M. 2007. In vitro molecular
mechanisms of bisphenol A action. Reprod. Toxicol.
24, 178-198.


http://dx.doi.org/10.1101/2020.07.01.20144527

)
o)
3]
c

=
3]

n

®

=

S
7]
S

<

)

e
c
©

©

2
o

o

=

)

=
(72)
=

=
>
@)
o

Bunea and Dinischiotu / Rev. Biol. Biomed. Sci. 2022-2023 5 (1) 1-13

Wick P., Malek A., Manser P., Meili D., Maeder-Althaus
X., Diener L., Diener P.-A., Zisch A., Krug H.F., von
Mandach U. 2010. Barrier capacity of human placenta
for nanosized materials. EHP 118, 432—436.

Wirth J.J., Rossano M.G., Potter R., Puscheck E., Daly
D.C., Paneth N., Krawetz S.A., Protas B.M., Diamond
M.P. 2008. A pilot study associating urinary
concentrations of phthalate metabolites and semen
quality. Syst. Biol. Reprod. Med. 54, 143-154.

Xu H., Verbeken E., Vanhooren H.M., Nemery B., Hoet
P.H.M. 2004. Pulmonary toxicity of polyvinyl
chloride particles after a single intratracheal
instillation in rats. Time course and comparison with
silica. Toxicol. Appl. Pharmacol. 194, 111-121.

Xu M., Halimu G., Zhang Q., Song Y., Fu X., Li Y., Li
Y., Zhang H. 2019. Internalization and toxicity: A
preliminary study of effects of nanoplastic particles on
human lung epithelial cell. Sci. Total Environ. 694,
133794,

Yang Y.-F., Chen C.-Y., Lu T.-H., Liao C.-M. 20109.
Toxicity-based toxicokinetic/toxicodynamic
assessment for bioaccumulation of polystyrene
microplastics in mice. J. Hazard. Mater. 366, 703—
713.

Yong C.Q.Y., Valiyaveettil S., Tang B.L. 2020. Toxicity
of microplastics and nanoplastics in mammalian
systems. Int. J. Environ. Res. Public Health 17, 1509.

Yuan S., Wang J., Jiang Q., He Z., Huang Y., Li Z., Cai
L., Cao S. 2019. Long-term exposure to PM2.5 and
stroke: A systematic review and meta-analysis of
cohort studies. Environ. Res. 177, 108587.

Yurtsever M. 2019. Tiny, shiny, and colorful
microplastics: Are regular glitters a significant source
of microplastics? Mar. Pollut. Bull. 146, 678-682.

Zettler E.R., Mincer T.J., Amaral-Zettler L.A. 2013. Life
in the “plastisphere”: microbial communities on
plastic marine debris. Environ. Sci. Technol. 47,
7137-7146.

Zhang N., Li Y.B., He H.R., Zhang J.F., Ma G.S. 2021.
You are what you eat: Microplastics in the feces of
young men living in Beijing. Sci. Total Environ. 767,
144345,

Zhang Y.H., Zheng L.X., Chen B.H. 2006. Phthalate
exposure and human semen quality in Shanghai: A
cross-sectional study. Biomed. Environ. Sci. 19, 205—
209.

History of plastics. Plastics Industry Association
Available at: https://www.plasticsindustry.org/history-
plastics

The Great Pacific Garbage Patch. The Ocean Cleanup
Available at:  https://theoceancleanup.com/great-
pacific-garbage-patch/

13



