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Allergy; Objective: To assess the impact of microplastics (MPs) on human health.

Epithelia; Data Source: The authors conducted a non-systematic review of articles published in English,
Microplastics; Portuguese, French, and Spanish in the last decade in the following databases: PubMed,
Nanoplastics Google Scholar, EMBASE, and SciELO. The keywords used were: microplastics OR nanoplastics

OR marine litter OR toxicology OR additives AND human health OR children OR adults.

Data summary: MPs are a group of emerging contaminants that have attracted scientific
interest and societal attention in the last decade due to their ubiquitous detection in all envi-
ronments. Humans can primarily be exposed to MPs and nanoplastics via oral and inhalation
routes, but dermal contact cannot be overlooked, especially in young children. The possible
toxic effects of plastic particles are due to their potential toxicity, often combined with that
of leachable additives and adsorbed contaminants.

Conclusions: Unless the plastic value chain is transformed over the next two decades, the
risks to species, marine ecosystems, climate, health, economy, and communities will be
unmanageable. However, along with these risks are the unique opportunities to help transi-
tion to a more sustainable world.
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Introduction

Plastic is a synthetic material widely used by humans due
to its cost-effectiveness, durability, lightweight, and easy
to manufacture. It occupies a sizeable place in human
or public society, being omnipresent in everyday life,
and thus it is important to determine the their potential
risks and impacts on the global environment and human
health.!

Global plastic production has risen from two mil-
lion tons in 1950 to 348 million in 2017, making it a USD
522.6-billion industry. This number is estimated to double
by 2040, according to a report from the nongovernmental
organization, Pew Charitable Trusts.?

The increased concern about the ecological conse-
quences of such materials being in different ecosystems
has led to studies involving plastic waste incorporating new
concepts, and the term “microplastics” (MPs) was intro-
duced in 2004.3

Although several definitions have been used for MPs,
especially for their size, the most used one defines them as
particles of synthetic organic polymers of less than 5 mm
(National Oceanic and Atmospheric Administration - NOAA).*

The (ISO/TR 21960:2020) standard was published in
2020, entitled “Plastics - Environmental Aspects - State of
Knowledge and Methodologies,” where the term “micro-
plastic” was defined as any water-insoluble solid plastic
particle with dimensions between 1 pm and 1000 mm.
Plastics can be characterized according to their size: as
nanoplastics (<100 nm; NPs), MPs (between 100 nm and 5
mm), mesoplastics (between 5 and 20 mm), macroplastics
(>20 mm), and megaplastics (>100 mm).>”7

MPs can be classified according to the origin: (i) pri-
mary, if they are intentionally released into the environ-
ment (used in industry and in personal care products), and
(i) secondary, if they are released indirectly into the envi-
ronment and suffer progressive degradation due to pro-
cesses of photo- and thermo-oxidation.®

MPs come in different forms and shapes (such as fibers,
fragments, spheres, granules, films, flakes, pellets, and
foam). The composition of the original plastic determines
the deterioration processes that occur on the surface of
the plastic and the time it remains in the environment.’
Some plastics may be chemically harmful, either directly
toxic or because they absorb and carry other components,
making them hazardous, and they are categorized as fol-
lows: physical, chemical, and biological.”® The potential of
MPs to cause physical harm to organisms depends on their
size and shape.’

Recent studies have found that including morphologi-
cal attributes when analyzing MP samples can reveal sig-
nificant differences. Using only the number of particles as
a parameter expresses a restricted dimension and ignores
the fact that particles of different sizes can cause different
effects in ecosystems."

The following plastic polymers are notably found in
MP and NP particles: polyester (polycyclohexylenedimeth-
ylene terephthalate [PCT]), polypropylene (PP); polyvinyl
chloride (PVC), polystyrene (PS), teflon, nylon 6.6, poly-
ethylene (PE), polyethylene terephthalate (PET), styrene
acrylonitrile resin (SAN), and poly(n-butyl methacrylate)
(PBMA)."

Internal Environment

MPs are a threat to the marine ecosystems, and these
polluting particles have been documented in different
environments in recent years.® Studies that assessed the
presence of MPs in indoor environments (air and dust from
homes and offices) documented a very high concentration
compared to the outdoor environment.” Internal envi-
ronments include private residences, workplaces (e.g.,
offices), buildings, schools, universities, sports halls, and
public transportation.?

There are several direct and indirect sources of plas-
tics in indoor environments. These include personal-care
and personal-use products, paints, synthetic grass in sports
halls, floor coatings, furniture and fibers, and 3-D printers."

This study defined the concentration of MP in three
indoor environments, namely, houses, public transport, and
working places, which are representative of urban life."
The highest mean MP concentrations were found on buses
(17.3 = 2.4 MP/m?), followed by subways (5.8 + 1.9 MP/m?),
residences (4.8 £ 1.6 MP/m?), and workplaces (4.2 + 1.6 MP/
m3). Polyamide, PA (51%), polyester PES (48%), and PP (1%)
were the polymers identified and also being the most com-
mon ones in personal care products and synthetic textiles."

In another study, indoor dust samples from residential
areas (apartments) had the highest abundance of MPs, fol-
lowed by offices (896 MPs/g; n = 50), business hotels (843
MPs/g; n = 53), university dormitories (775 MPs/g; n = 48),
and university classrooms (209 MPs/g; n = 44)."

Soltani et al. assessed the presence of MPs in Australian
homes, which demonstrated that children under 6 months
of age faced the highest exposure risk. PE, PS, PA, and
polyacrylic (PAC) fibers were found in homes with carpet
as the main floor covering and PVC fibers in homes where
carpet was absent."

The average indoor MP concentration in beauty salons
was 46 + 55 MPs/m3. The predominant polymer in indoor
air was PAC (27%), followed by rubber (21%) and poly-
urethane (PU, 13%). Air conditioners, nail treatment,
ceiling and flooring with plastic materials, and the num-
ber of occupants were the factors affecting indoor MP
concentrations."”

Also during washing of clothes, numerous natural or
synthetic fibers are released into the waterways (PS, PAC).
These fibers are dumped into the domestic wastewater
treatment systems and sent to the wastewater treatment
plants. However, the amount of MPs significantly impacts
the surrounding environments of places with no collection
network or sewage treatment.”®

Outdoor Environment

MP concentrations in road dust demonstrated a significant
relationship with the volume of vehicles, suggesting that
traffic is associated with increased concentrations.” Tire
wear particles (TWPs), consisting of styrene butadiene rub-
ber (SBR), are one of the most significant sources of MP
worldwide, as are the road-marking paint particles created
by the physical abrasion from vehicles and weathering.®
Transport (ambient wind flow), dispersion (local tur-
bulence or disturbance), and deposition (downward air
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movement) are the various modes of movement of MPs,
aided by their size, length, and shape.?

MPs also serve as an ecosystem for organisms called
the plastisphere (plastispheres are communities that have
evolved to live in human-made plastic environments,
including fungi, bacteria, algae, and viruses) and may act
as dispersers of these organisms to other environments and
lead to global health consequences."

MPs also interact with pesticides, persistent organic
pollutants, and heavy metals and act as vectors for carrying
contaminants in different environments?' and transporting
microorganisms (including pathogens) by forming a biofilm
on the MP surface.?”?* They also significantly increase the
transfer efficiency of antibiotic-resistance genes (ARGs).2

Ortega et al. found that MPs can act as carriers of
coexisting contaminants in the atmosphere, yielding a bet-
ter understanding of the dangers and risks of atmospheric
and airborne MPs or NPs, their impacts, cotransport capac-
ity, and interaction with the environment.?

Pathways of Exposure

MP pollution in ecosystems has increased as a result of
human activities. This has led humankind to suffer from
chronic exposure to MPs and NPs through different path-
ways such as ingestion, inhalation, and dermal contact.?

The amount of MPs an individual is exposed to is
another significant point of concern. A systematic review
study assessed the average load of MPs and NPs that
humans are exposed to through the digestive and respira-
tory pathways. Table 1 summarizes these results based on
the rigor of study selection and validated and comparable
quantification methods. Despite this, the amount of MPs
and NPs that may lead to the onset of disease in an individ-
ual is unknown.2

Inhalation

As a type of emerging pollutant, MPs are easily ingested
by many organisms. Constant exposure to the open air
increases the risk of fragmentation and mixing in the atmo-
sphere, enhancing its deleterious action on biological func-
tions due to its small size, high specific surface area, and
strong biological penetration capability.?’?

The alveolar surface area of an adult lungs is approxi-
mately 150 m? and has an incredibly thin tissue barrier (<1
pm), making it easier for MP to penetrate and reach the
blood capillary system and subsequently disperse through-
out the human body.?” Table 2 compiles the effects of MPs
on the immune system.

The epithelial barriers of the skin, respiratory system,
and gastrointestinal tract are the first line of physical,
chemical, and immunological defense against biological and
chemical threats from the surrounding environment. The
loss of physical integrity of the barrier due to the degraded
proteins in intercellular tight junctions triggers epithelial
alarms and the production of cytokines such as interleu-
kin (IL)-25, IL-33, and thymic stromal lymphopoietin, with
a consequent increase in epithelium barrier permeability,
further facilitating the penetration of allergens, irritants,
and microorganisms.® As a result, consequent changes in
the airway microbiota were also observed.

Effects of MPS/NPS on the Respiratory Pathway

Dysfunction of the epithelial barrier, cytotoxicity, synergy
with allergens, inflammatory response, and redox imbal-
ance have been the main respiratory health mechanisms
identified to be affected by MP or NP exposure.’ When
reaching the air-water interface in the alveolus, the MPs
or NPs form vesicles that cause biophysical dysfunction of
the surfactant, interrupting its structure and mobility and
altering the surface tension, and determining its collapse®?
to a greater or lesser extent and intensity depending on
the type of MP or NP involved* (Figure 1).

Furthermore, MP exposure alters alveolar structure and
airway barrier function. Recent studies have shown that MP
can significantly reduce cell viability in a dose-dependent
manner, cause major changes in cell morphology, and
induce oxidative stress and inflammatory responses, fol-
lowed by cell death and destruction of the epithelial bar-
rier, which can result in tissue damage and lung disease
after prolonged exposure.343¢

The loss of epithelial barrier function resulting from the
MP or NP effects facilitates the penetration of allergens,
irritants, and microorganisms that allows the onset of an
inflammatory process. A typical type 2 immune response
in the affected organs favors the development of asthma,
rhinitis, or chronic rhinosinusitis.3%3"

Table 1 Overall estimate of total human exposure to micro/nanoplastics (MP/NP) through different pathways.?
Pathways of Product Consumption estimated/ Consumption of MP/NP
exposure recommended Mean Daily Annually Annual total
Ingestion Fruits/vegetables 400 g/day 132 749 p/g 53.09 x 10¢  19.38 x 10°  2.93 x 10
Seafood 22.41 kg/year 0.98 p/g 60.38 22.04 x 10°
Bottled water 2 L/day 13.55 x 10¢p/L 27.10 x 10°  9.89 x 10°
Salt 5 g/day 142.80 p/kg  0.71 260.61
Alcohol 6.40 L/year 4.05 p/L 0.07 25.92
Inhalation Air 8.64 m?/day 0.68 p/m?3 5.92 2.16 x 10° 2.16 x 10°

p/g: particles per gram; p/L: particles per liter; p/m?: particle per cubic meter.
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Table 2 Pathways of exposure, effects on immune system, and consequences in cellular and human health.? 428

Effects on immune
system

Pathways of exposure

Cellular and human health*

Digestive: The main pathway of
exposure associated with the
ingestion of food contaminated
with plastics (water from plastic
bottles and/or contaminated with
plastics, salt, mollusks, and fish,
to name a few).

Respiratory: Major sources of
exposure come from particles
released from car tires, synthetic
clothing fibers, and other sources
that settle on surfaces such as
walls or furniture.

Cutaneos: Small particles.
Alteration of the epithelial
barrier

Increased production of
IL-8 by monocytes and
macrophages

Increased production of
IL-6 by monocytes and
macrophages

Increased production of
TNF-a

Induced IL-1a production,

IL-18, IL-2, and IL-12
Increased histamine

release by mast cells and

RBL-2H3 cells

Digestive system:

Cytotoxicity associated with oxidative stress
Increased lipid peroxidation

Increased reactive oxygen species

Increased production of gastric mucus
Associated with intestinal microbiota dysbiosis

Nervous system:

Neurotoxicity secondary to the action of pro-
inflammatory cytokines at the neuronal level
Some studies suggest a probable association with
neurodegenerative diseases

Respiratory system:

Association of autophagy in response to oxidative stress
and cytokine-mediated inflammation

Some studies suggest a probable association with
exacerbating symptoms in chronic respiratory diseases.
Alteration of the epithelial barrier is associated with
increased prevalence and severity of allergic and
inflammatory diseases.

*Effects associated with concentration and exposure time.

MPs can also affect nasal microecosystems. High expo-
sure to MPs can increase the abundance of nasal micro-
biota associated with respiratory tract diseases, such as
Klebsiella and Helicobacter, and reduce the abundance of
beneficial ones such as bacteroides.*

MPs have raised considerable concerns about the
potential risk to children’s health arising from child-specific
behaviors, especially in critical periods of neurobehavioral,
immune, metabolic, cardiovascular, and other essential
body systems, making the early years a critical window to
prevent long-lasting damage to health.3®

An experimental study with pregnant rats documented
the prevalence of NP in their lungs, hearts, and spleens.
The same occurred with regard to the placenta and fetal
tissues, such as the liver, lungs, heart, kidney, and brain.
These facts suggest that the fetoplacental unit is rendered
vulnerable to adverse effects on the fetus.** MP fragments
were found in human placentas (fetal side, maternal side,
and chorioamniotic membrane) with spherical or irregular
shapes and size ranging from 5 to 10 ym.*

Recent research has shown that MP in trophoblastic
cytoplasms was associated with decreased cell viability,
cell cycle arrest, reduced cell migration and invasion abil-
ities, increased levels of intracellular reactive oxygen spe-
cies, production of proinflammatory cytokines (TNF-a and
IFN-y) in a dose-dependent manner, and significant changes

in the epithelial barrier.3®4 Table 2 summarizes the path-
ways of exposure, effects on immune system, and conse-
quences of cellular and human health.

Other potential impacts on children’s health could be
a result of MP exposure to ambient air in nurseries and
schools, generated by various items and activities such as
school uniforms, sweatshirts, felt and rubber toys, pack-
aging, paintings and works of art, shoe wear, plastic or
laminated furniture, through windows or doors, and the
outdoor environment, likely related to location, land use,
proximity to traffic and industries, and the degree of venti-
lation of the building.3%%

An experimental study of mice with asthma exposed
to MP documented pulmonary infiltration by inflamma-
tory cells, aggregation of bronchoalveolar macrophages,
increased levels of tumor necrosis factor-alpha (TNF-q) in
bronchoalveolar lavage, and a worsening of asthma symp-
toms. Non-asthmatic animals showed an increase in IgG1.
Using comparative transcriptomic analysis, the authors
documented that MP exposure altered clusters of genes
related to immune response, cellular stress response, and
programmed cell death, with detrimental outcomes on the
mice models.®°

Constant exposure to an outdoor environment increased
the risk of fragmentation and atmospheric mixing, which
facilitated MP availability.?®3¢ The analysis of human lung
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EFFECTS OF MICROPLASTICS

ON THE IMMUNE SYSTEM?7-29%42-48

by monocytes and macrophages

s 01 Increased production of IL-8
L

Increased production of IL-6
by monocytes and macrophages

(03 Increased production of TNF-a

Induced IL-1a production, Q4
IL-1b, IL-2, and IL-12

\ \ 05 Increased histamine release by
mast cells and RBL-2H3 cells

Figure 1

tissues obtained during autopsies by Amato-Lourenco et al.
demonstrated the presence of PET and PP MPs smaller than
5.5um in size, and fibers ranging from 8.12 to 16.8 pm.*
The analysis of sputum samples by a few other authors
found 21 types of MP smaller than 500 pm, with PU being
dominant, followed by PE, PCT, chlorinated PET, and alkyd
varnish, mainly related to smoking.®? This was observed on
determination of the MP concentration in bronchoalveolar
lavage fluid of smokers and nonsmokers, which was signifi-
cantly higher in smokers.®

A recent study analyzed tumor lesions in patients with
or without exposure risk factors, mainly smoking, and docu-
mented the presence of microfibers more frequently among
exposed patients. The abundance of microfibers in lung tis-
sue gradually accumulated as age increased. These findings
reinforce the damaging effects of MPs in cigarette butts.

Although the cigarette filter has been understood as a
barrier that aims to eliminate toxins, thus reducing dam-
age, it is currently known that it does not offer health ben-
efits to smokers. Cigarette filters are composed of more
than 15,000 fiber strands which can be put into a micro-
fiber size range (microfiber/MP) or eventually get frag-
mented into smaller sizes.%

Thus, a new form of cigarette pollution is added to
the environment with proven damage to ecosystems and,
therefore, to human beings. The correct management of
cigarette filters is an unresolved issue that deserves urgent
attention and must be addressed by the scientific and
social communities as viable source of MPs are capable of
harming our planet and its biodiversity.®¢”

Interactions and possible mechanisms of action of microplastics on the respiratory system. (Adapted from Lu et al.*")

Digestive

MPs are generated by multiple mechanisms and can be
transported through different environmental compartments,
reaching the food web and, ultimately, the human body.®

Potential risks to human health from unintentional
ingestion of MP and NP are an emerging concern.®® The
finding of MP in human feces has proved that these parti-
cles are indeed ingested and can pass through the gastro-
intestinal tract (GIT).”>”" Comprehensive knowledge about
the fate of MPs in the GIT and their potential impact on dis-
rupting gut homeostasis, including gut microbiota, mucus,
and the epithelial barrier has been reported in vitro and
in vivo in mammals and humans.’?

Effects of MPs or NPs on the digestive system

It is unlikely that MPs are able to permeate at a paracellu-
lar level, as the relevant pores in the tight junction chan-
nels between enterocytes have a maximum functional size
of approximately 1.5 nm. They are more likely to enter via
lymphatic tissue, phagocytosis, or endocytosis and infil-
trate Peyer’s patches.”?

Once consumed, MPs transform, thereby affecting its
ability to be absorbed and the absorption rates. MPs can
interact with several molecules within the GIT, such as pro-
teins, lipids, carbohydrates, nucleic acids, ions, and water.
This causes the NPs to be encompassed by a collection of
proteins known as the “corona.”’7”
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Despite being chemically inert particles, plastics can
adsorb substances, such as additives, heavy metals, pro-
teins, or even microorganisms, on their surface, mak-
ing them more toxic. Thus, MPs work like a Trojan horse,
bringing with them a series of environmental contaminants
that can interact with the mucus that lines the GIT, with
epithelial cells, and with the intestinal microbiota, causing
cellular responses and various physiological changes.”7”

MP ingestion acts on the gut microbiome and is associ-
ated with dysbiosis, loss of resilience, frequent pathogen out-
breaks, and local and systemic metabolic disturbances,” in
addition to the development of an intestinal microbiota that
is positively associated with diseases of the digestive tract,
such as Bifidobacterium, Streptococcus, and Sphingomonas,
and a decline in the intestinal microbiota beneficial to health
(Ruminococcus, Fusobacterium, Coprococcus).”

Chemical contaminants can be transferred from mother
to child through breastfeeding, depending on its duration,
and the child’s body burden generally reflects the burden
of maternal exposure. Analyses of MP concentrations in
meconium stool samples of infants showed higher MP levels
than in adults.”

Plastic baby food-packaging and baby bottles should be
considered as potential sources of MP.337° A study by Song
et al. demonstrated that baby bottles and water bottles
release microparticles in quantities ranging from 53 to 393
particles/mL, and are influenced by the commercial brand
and types of bottles (plastic versus glass).®

Exposure to bisphenols and phthalates during critical
stages of development affects essential immune system com-
ponents and the immune function, which might be related
to the development of different diseases, including cancer.®'

Humans are constantly exposed to MPs through their
diet, and it is estimated that globally on average, humans
may ingest 0.1-5 g of microplastics weekly through various
exposure pathways, explaining why MPs are found in food
products.®? This contamination may be related to environ-
mental sources (water, soil, and air), animals consuming
them in their natural environment, food production pro-
cesses, leaching of plastic food and beverage packaging,
and other sources such as seafood, drinking water, and
salts, honey, sugar, milk, beer, soft drinks, fruits, and meats
(chicken, beef, and pork), and takeaway food packaging.t®”?

Oliveri Conti et al. assessed the prevalence of MPs in
the most commonly consumed fruits and vegetables and
observed that apples and carrots, respectively, were the
most contaminated.®® MPs were also detected in 100% of
the evaluated samples of the most popular commercial
brands of ice cubes for packaged foods in Mexico City, and
the most common were PP, PET, PVC, PA, and cellophane.?

MPs may also affect other illnesses, such as food aller-
gies. Due to their size, NPs can internalize and/or alter the
biology of epithelial cells, cause changes in the epithelial
barrier (as they modify the digestibility of food allergens),
increase intestinal permeability, and promote an intestinal
inflammatory environment or cause intestinal dysbiosis,
which may promote sensitization to food allergens.'®58

NPs are immediately coated with proteins upon contact
with human fluids. In general, food allergens are proteins
that are abundant in foods, and the formation of an “aller-
genic protein corona” is highly likely in NP-contaminated
foods during their processing or gastrointestinal digestion.

The “type of protein corona” formed will determine the
interaction of the allergen with the cell membrane, caus-
ing an increase in the intestinal absorption of the allergen,
which favors sensitization to the allergen, as observed in
patients with food allergies.®” Additionally, due to the effects
of the MPs on the intestinal immune system, the likelihood
of developing inflammatory bowel disease increases.®

Cutaneous pathway

Even though it is a less-efficient route, studies question the
possibility of MPs and NPs penetrating the dermal barrier.
It is essential to clarify this issue for individuals with nor-
mal barrier function and, more importantly, for those with
compromised skin due to disease (e.g., eczema) or physical
abrasion. %8

Small particle size and skin stress conditions are criti-
cal factors favoring penetration. The skin is protected by
the stratum corneum, the outermost layer, which forms a
barrier against injuries, chemicals, and microbial agents.”

Effects of MPs/NPs on the skin

Human epithelial cells undergo oxidative stress from expo-
sure to MPs and NPs, confirming the need to assess the
effects of this exposure.” MPs disrupt the epithelial bar-
riers of the skin and mucosal surfaces, and these disrup-
tions have been associated, in recent decades, with the
increased prevalence and severity of allergic and inflam-
matory diseases, such as atopic dermatitis.

Lee et al. demonstrated a positive association between
prenatal exposure to BPA and phthalates and the occur-
rence of atopic dermatitis in 6-months-old infants.*®*'

Plastic particles can be introduced to the skin by health
and beauty products or by contact with MP-contaminated
water. Campbell et al. demonstrated that MPs with diame-
ters ranging from 20 to 200 nm could only infiltrate the upper
layers of the skin to a depth of 2-pm.” Other studies suggest
that only particles <100 nm (i.e., NP) could pass through the
dermal barrier directly. Other possible transdermal penetra-
tion routes exist where larger particles may enter through
hair follicles, sweat glands, or open skin lesions.'>*

The mechanical production method used to manufac-
ture the microbeads in beauty and health products such
as face and body scrubs, toothpaste, and denture fillings,
makes the microbeads more likely to break down into even
more harmful MPs.””® Ingredients widely used in body
lotions, such as urea, glycerol, and a-hydroxyl acids, also
enhanced the ability of MPs to permeate the skin barrier.”

Conclusions

Unless the plastic value chain is transformed over the next two
decades, the risks to species, marine ecosystems, climate,
health, economy, and communities will become unmanage-
able. However, alongside these risks are unique opportunities
to lead the transition to a more sustainable world.

Breaking the wave of plastic pollution is a challenge
that respects no borders; it affects high-, middle- or
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low-income countries. There must be a shared vision of
near-zero leakage and a commitment to ambitious and con-
crete measures to achieve this critical objective.
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