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• We conducted a review on the presence
of microplastics in air.

• High MPs contributions can be found in
indoor air.

• There is a lack of standardized methods
for sampling and analysis of airborne
MPs.

• Attention should be given to the inhala-
tion of MPs due to face masks use.
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Environmental pollution frommicroplastics (MPs) in air is amatter of growing concern because of human health
implications. Airborne MPs can be directly and continuously inhaled in air environments. Especially high MPs
contributions can be found in indoor air due to the erosion and breakage of consumer, domestic and construction
products, although there is little information available on their sources and concentrations and the risks they
might pose. This is in part due to the fact that sampling and analysis of airborne MPs is a complex and multistep
procedure where techniques used are not yet standardized. In this study, we provide an overview on the pres-
ence of MPs in indoor air, potential health impacts, the available methods for their sampling and detection and
implications from the use of face masks during the COVID-19 pandemic.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
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1. Introduction

Plastics are synthetic polymers typically prepared by polymerization
of monomers derived from oil or gas with the addition of different
chemical additives (Thompson et al., 2009). They are one of the most
universally-used and multipurpose materials in the global economy
(Plastics Europe, 2020) due to their extraordinary properties such as
versatility, lightweight, strength, durability, corrosion resistivity, high
thermal and electrical insulation (Halden, 2010; Thompson et al.,
2009). Plastic production has correspondingly increased globally from
1.7 to 360 million tonnes annually within the last 70 years (Fig. 1),
expanding their use across a myriad of consumer and construction
products, notably in packaging, building and construction, and the auto-
motive industry. The polymers mostly deployed are polypropylene
(19.4%), polyethylene (low (17.4%) and high (12.4%) density), polyvinyl
chloride (10%), polyurethane (7.9%), and polyethylene terephthalate
(7.9%) (Plastics Europe, 2020). These polymers are not biodegradable,
so they accumulate in landfills or in the natural environment (Barnes
et al., 2009). As a consequence, plastic pollution is already a huge envi-
ronmental problem that is expected to increase: annual waste produc-
tion is projected to rise to 3.4 billion million tonnes in the next 30
years (Kaza et al., 2018).

Once released to the environment, plastics are eroded and weath-
ered, breaking to progressively smaller fragments over time. The term
‘microplastic’ was firstly coined in 2004 to describe small plastic parti-
cles (from millimetre to sub-millimetre-sized particles) (Thompson
et al., 2004), but it was not until 2008 when they were defined by The
National Oceanic and Atmospheric Administration (NOAA) as plastic
particles smaller than 5 mm (Arthur et al., 2009). A more recent defini-
tion places the lower limit of the size range as 1 μm (Hartmann et al.,
2019) whereas other authors have defined microplastics (MPs) as par-
ticles with diameter < 10mm(Grahamand Thompson, 2009), between
2 and 6 mm (Thompson, 2006), < 2 mm or < 1 mm (Browne et al.,
2008; Claessens et al., 2011). Today, there is as yet no universally ac-
cepted definition of the relevant particle size range.

Microplastics are heterogeneous in terms of chemical composition,
diameter, shape, specific density, and colour (Amato-Lourenço et al.,
2020). They include 1-D fibres (one larger dimension), 2-D fragments
(flat particles) and 3-D spherules (Dris et al., 2015), and can be either
primary or secondary in origin. Primary MPs are purposefully produced
and enter the environment as particles/powder (typically less than 0.5
mm) used for example as abrasives in cosmetic products or ‘scrubbers’
used to blast clean surfaces (Bergmann et al., 2015; GESAMP, 2015). In
contrast, secondaryMPs originate from the fragmentation of larger plas-
tic litter present in the environment (UNEP, 2015). The most common
process of generating secondary MPs is weathering which typically oc-
curs when plastic is exposed to solar UV radiation (GESAMP, 2015) that
catalyses the oxidative degradation of polymers (free-radical mediated
oxidation reaction) (Andrady et al., 1996; Celina, 2013). During this
degradation plastic normally discolours, loses mechanical integrity,
gets weaker, and develops surface cracks (Cooper and Corcoran, 2010;
GESAMP, 2015; Pegramand Andrady, 1989). In addition to UV radiation
there are othermechanisms (e.g., mechanical stress bywind andwaves,
heat, hydrolysis, and the enzymatic processes of microorganisms)
aiding plastic degradation and fragmentation (Andrady, 2011;
GESAMP, 2015).

Microplastics are globally spread throughout the environment
(Rocha-Santos and Duarte, 2015) and their negative impact is enhanced
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by their ability to adsorb organic pollutants and heavy metals (Wang
et al., 2021), both considered priority pollutant vectors in the
Stockholm and Basel Convention (Gallo et al., 2018). They have been
shown capable of decreasing photosynthesis and microalgal growth
(Sjollema et al., 2016), releasing harmful plastic additives
(Hermabessiere et al., 2017; Verla et al., 2019) and inducing the growth
and transport of pathogenic bacteria (GESAMP, 2015). Moreover, they
are easily transferred and bioaccumulated through the food chain and
thus transferred to humans (Chen et al., 2020a). Microplastic pollution
in aquatic environments in particular has attracted the scientific com-
munity, with themajority of research to date focussing onMP in surface
waters, shorelines, continental waters including remote places such as
Polar Regions (González-Pleiter et al., 2020) or deep sea (Zhang D.
et al., 2020), as well as in soils and sediments at a global scale
(Boucher and Friot, 2017; Claessens et al., 2011; Efimova et al., 2018;
GESAMP, 2015). During the last decade, attention has increasingly
been paid to other environmental compartments, such as air (Dris
et al., 2016; Evangeliou et al., 2020; Zhang Q. et al., Q. 2020). However,
the analysis ofMPs in air is in its beginning. Sampling and analysis of air-
borne MPs is a complex and multistep procedure where techniques
used significantly diverge between studies. Thus, physicochemical
properties of airborneMPs are notwell characterized; and consequently
health effects of inhaledMPs are poorly understood.With this study, we
aim to provide an overview on the presence ofMPs both in outdoor and
indoor air, their potential health impacts, and the available methods for
their sampling anddetection. Although previous published reviews (e.g.
Chen et al., 2020a, 2020b and Zhang et al., Y. 2020) discuss most of the
abovementioned issues, in this paper we additionally emphasize in the
implications from the use of large plastic products and face masks dur-
ing the COVID-19 pandemic. Finally, we suggest ways to study the risk
due to inhalation ofMPs released by the facemasks.We performed a lit-
erature search of Scopus online database without year restriction using
the following keywords: microplastics, and nanoplastics, in combina-
tion with the terms: airborne, particulate matter, aerosols, indoor air,
outdoor air, COVID-19, face masks, inhalation risk. Previously published
reviews and reports were also consulted and studied. Conference pa-
pers and articles written in other language than English were excluded.
Modeling studies focusing on atmospheric transport of microplastics
and studies discussing removal methods from the environment were
also excluded. Studies discussed in the present work were first identi-
fied from the study title, then from the abstract and last from the full
paper. A total of 73 papers were considered (Fig. 2).

2. Microplastics in air

Interest in the presence of MPs in air is on the increase because air-
borne particles can be directly and continuously inhaled into the human
body (Prata, 2018). The distribution and behaviour ofMPs suspended in
the atmosphere is like those of other airborne pollutants: their concen-
tration, transport, dispersion and removal depend on the emission
sources, meteorological conditions, and long-range transport among
other factors. Recent studies have demonstrated the presence of MPs
both in outdoor and indoor air (Table 1). Concentrations of MPs in out-
door air largely vary depending on the sampling site (urban, industrial,
remote); additionally, the heterogeneous ways of expressing results
make comparisons difficult (Table 1). Higher levels of MPs were ob-
served in urban sites than those found in rural areas. Dris et al. (2016)
compared the levels of MPs in atmospheric fallout at an urban site and



Fig. 1. Plastic production's growing from 1950 to 2018 (data adapted from Plastics Europe,
Association of Plastic Manufacturers: Brussels).
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at a sub-urban site in the Greater area of Paris, France. The sub-urban
site systematically showed lessMPs than the urban one. The average at-
mospheric flux of total fibres was 110 and 53 particles/m2/day on the
urban and sub-urban site, respectively. This difference was attributed
to intensified anthropogenic activities and higher population density
in the urban site (Dris et al., 2016). Similarly, Liao et al. (2021) found
higher abundance of airborne MPs at an urban transit station (287 ±
72 MPs/m3), than at rural farmland (137 ± 57 MPs/m3), wetland (97
± 33 MPs/m3) and mountain (70 ± 18 MPs/m3) site. However, contra-
dicting results were reported by Klein and Fischer (2019) that com-
pared MPs concentrations in atmospheric deposition in 3 urban sites
and 3 rural/forest sites. The mean MPs concentration was 137 and 396
particles/m2/day for the urban and rural sites respectively. Themain ex-
planation for the higher concentration of MPs in the rural/forest sites is
the comb-out effect, the ability of plants to filter particles from the dry
atmospheric deposition. In a precipitation event during the sampling
period, the particles got washed off the leaves and added to the number
of particles in the bulk samplers (Klein and Fischer, 2019). StudyingMPs
morphology could help to infer their origin: fibres are related with
clothing or upholstery production whereas fragments could come
from plastics degradation (Liu et al., 2019). Size and diameter are also
critical characterization parameters due to its influence in MPs interac-
tion with the media: diameter have high influence in persistence and
toxicity (Gasperi et al., 2018). Moreover, studies which report chemical
composition (Liu et al., 2019; Gaston et al., 2020; Wright et al., 2020)
show that polyethylene terephthalate (PET) and polyethylene (PE) are
Records remained a�er �tle reading, duplicates, 
conference papers, book chapters and papers wri�en in 

other languages removed (n =106)

Records iden�fied in Scopus 
database search (n=238) 

Previous published reviews, 
reports (n=12)

Records remained a�er abstract reading

(n =85)

Full ar�cles discussed a�er excluding modelling studies 
and studies on removal of MPs from the environment 

(n =73)

Fig. 2. Flow chart showing the identification, screening and selection process performed in
the current study.
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present in all outdoor samples. Characterization and quantification of
MPs smaller than 10 μm, particularly those smaller than 2 μm, would
be very helpful in informing human and environmental risk assess-
ments and aligning with air quality guidelines (Wright et al., 2021).

In indoor air, MPs are present in higher concentrations than out-
doors (Gasperi et al., 2015), creating an increased concern as people
spend an average 70-90% of their time inside (Alzona et al., 1967). In in-
door areas,MPs behaviour is governed by roomdistribution, ventilation,
and airflows (Prata, 2018). Therefore, low rates of air renovation gener-
ally result in high concentrations of indoor MPs. Besides, the use of syn-
thetic materials contributes to the total MPs concentration: furniture,
traditional cleaning habits and activities are permanently producing
MPs (Catarino et al., 2018; Chen et al., 2020a; Wang et al., 2019). The
main source of MPs in indoor air is considered to be synthetic textiles
given that small fibres easily tear from clothes and other fibre products
during wearing, cleaning and drying (Chen et al., 2020a; Dris et al.,
2016; Dris et al., 2017; Liu et al., 2019; O’Brien et al., 2020). Other
daily activities have been reported as MPs sources, such as the opening
of plastic packaging (Sobhani et al., 2020) or using a 3D printer (Zhang
et al., 2017). Concentrations reported are between 1.6 and 12.6MPs/m3

and it is remarkable how all of them use infrared spectroscopy, IR –
based analysis techniques (Table 1). PS, PE, PES, PP and PA seem to be
the most abundant polymers, although some authors do not report
the polymers found. However, itwould beusefulwhen trying to identify
potential sources of indoor MPs.

Nevertheless, information about airborne MPs in both indoor and
outdoor air is still very limited (Enyoh et al., 2019), in particular in
urban and industrial environments. Generally, there is a high variability
in the chemical composition of the samples and further research is
needed to harmonize analytical methods, establish correlations be-
tween sampling locations and compare the chemical compositions
and concentrations reported.

3. Sampling and analysis of MPs in air

Monitoring studies are being implemented to better understand the
abundance of MPs in the atmosphere and their health impacts. How-
ever, standardized sampling and quantitative analytical methods for
MPs in the atmosphere have not yet been validated (Chen et al.,
2020b). In this context it is particularly important to consider the sam-
plingmethodology. There are twomainmethods used for sampling air-
borne MPs: passive atmospheric deposition and active pumped
samplers (Dris et al., 2015; Dris et al., 2017). Passive sampling uses
MPs fallout by gravitational, inertial, or diffusive mechanisms to esti-
mate MPs levels in the air (Dris et al., 2016). The fallout is collected
through glass funnel and is stored in a glass bottle. This method is
usually preferred for sampling in remote areas with no access to
power or for long-term continuous sample collection. On the other
hand, active pumped samplers allow to rapidly collect MPs in out-
door and indoor air with high efficiency (Chen et al., 2020b). This
method is easily replicable because the intake flow rate of the
pump can be adjusted and MPs abundance can be expressed as
number of MPs/m3 (Chen et al., 2020b; Zhang et al., Q. 2020). Differ-
ent filters have been used in active air samplers as collection sub-
strates for MPs: quartz filters, cellulose, glass fibre filters, alumina,
and silver membranes. Wright et al. (2019) found that inhalable
MPs are not visibly detectable against quartz or spectroscopically de-
tectable against polytetrafluoroethylene (PTFE) and alumina-based
filters but, considering Raman Spectral Imaging, the greatest intensi-
ties for MPs were observed against the silver membrane filter.

Several methodologies are proposed for sample pre-treatment, but
once again there is no standardization currently available. Early re-
search identified microplastics through visual techniques but this was
only possible for large fragments. Sample preparation has become nec-
essary to analyse <500 μm MPs basically because organic matter may
interfere in the analysis by increasing background noise (Zhang Y.
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et al., 2020). To eliminate the organic matter, samples are treated typi-
cally with a 30% hydrogen peroxide solution or sodium hypochlorite
(Chen et al., 2020b; Klein et al., 2019), although recent research has
identified Fenton's reagent (mix of hydrogen peroxide and ferrous
ion) as more efficient at digesting organic matter (Prata et al., 2019).
In this step, it is critical to avoid artificial changes of sample composi-
tion. Most polymers have been shown to resist degradation associated
with hydrogen peroxide, but little is known about the influence of
chemical treatments on weathered plastics (Xu et al., 2019a). After re-
moving the organic matter, the MPs must be separated from other at-
mospheric particles. The method most commonly used is density
separation (Chen et al., 2020b). To date, zinc chloride solutions with a
density of 1.6 - 1.7 g/cm3 is considered to be the most effective method
for separating multiple microplastic particles (Chen et al., 2020b; Dris
et al., 2017).

Microplastic particle identification takes place by stereomicroscope
anddifferent analyticalmethods. Firstly, it is common to perform amor-
phological analysis (abundance, size, shape, and colour) by visual obser-
vation. Microscopes (e.g., stereomicroscopes) controlled by powerful
software programs for image analysis enable rapid counting of a large
number of MPs, although results may be affected by human bias, mi-
croscopyquality, samplematrix andMPs size limitations. Scanning elec-
tron microscopy (SEM) is also commonly used in MPs identification
(Fries et al., 2013). A high-intensity electron beam scans the surface
by interaction between the electrons beam and the sample. As a result,
high resolution images (<0.5 nm resolution) of the surface are obtained
(Rocha-Santos and Duarte, 2015). Moreover, this can be combinedwith
energy-dispersive X-ray spectroscopy (SEM-EDS) providing informa-
tion on the elemental composition (Fries et al., 2013). However, it is a
time-consumingmethod, so it is not suitable for analysing large number
of MPs in a sample(Chen et al., 2020b).

As a second step, accurate instrumental analysis is needed for further
identification of the polymeric composition of MPs, particularly for sizes
<500 μm (Chen et al., 2020b; Verla et al., 2019; Zhang et al., Y. 2020).
Until now the most common procedures are spectroscopy-based
methods such as Fourier transform infrared spectroscopy (FTIR), Raman
spectroscopy (Elert et al., 2017) or pyrolysis gas chromatography–mass
spectrometry (Pyr-GC/MS) (Zhang Y. et al., 2020). FTIR is the most com-
mon technique used in the identification of the polymeric composition
of MPs (Chen et al., 2020b). FTIR determines composition (molecular
structure) through examination using an IR wavelength range of
400–4000/cm. A proportion of the wavelengths are absorbed by the par-
ticle being analysed. This absorption is transformed using the Fourier
Transform function, creating a spectrum (Zhang et al., Y. 2020). Compar-
ing the target spectrum with those of known materials in libraries, the
type of polymer composing the MPs can be directly identified (Wang
andWang, 2018). There are three different operatingmodes forMPs anal-
ysis in FTIR: transmission, reflection, and attenuated total-reflectance
(ATR). Transmission and ATR are themost popular modes for MPs analy-
sis (Xu et al., 2019a). In transmissionmode, light passes through the sam-
ple and is collected afterwards. Therefore, the filter for the tested MPs
requires transparency and it cannot be used for high absorptionmaterials
with colour because no light is transmitted to the detector. In reflection
mode, the incident beam passes back through the sample by reflection
on an IR reflective substrate. The main problem of this mode is that the
reflected signal is often disturbed by reflection errors caused by light scat-
tering and depends on the morphology of the MP particle. Finally, in ATR
the sample is placed in optical contact with a material of high refractive
index (ATR crystal) and the surface is irradiated with an evanescent
wave. This ATR crystal can degrade over time with surface scratching
and cracking (Xu et al., 2019a). FTIR techniques have several advantages
such as non-destructiveness, low sample amount requirement, possibility
for high throughput screening and environmental friendliness (Araujo
et al., 2018). Additionally, FTIR can be combined with a confocal micro-
scope (μFTIR) and a Mercury Cadmium Telluride (MCT) detector to re-
duce the practical particle size down toward the diffraction limit (~10
5

μm as the whole wavelength must pass through the material) (Zhang Y.
et al., 2020). It also exists the possibility of coupling chemical imaging, en-
abling the collection simultaneously of both spatial and spectral informa-
tion. (This is especially interesting because MPs determination is a four-
dimensional analysis (chemical composition, size, shape, and abundance
of each polymer particle) (Xu et al., 2019a). However, there are also
some limitations to consider (e.g., expensive instrumentations, time-
consuming, need of well-trained operators) (Chen et al., 2020b; Rocha-
Santos and Duarte, 2015).

Raman spectroscopy requires only small quantities of sample to pro-
duce high reliable results (Araujo et al., 2018). A laser with a single
wavelength is directed onto a target sample, different types of excitation
are produced and detected due to the reflection, scatter, and absorption
by a sample (Chen et al., 2020a, 2020b). The fingerprints of chemical
structures obtained allow the identification of the components present
in the sample (Käppler et al., 2018). Combining Raman with a spectral
imaging equipment gives the possibility to detect MPs down to 1 μm,
a resolution which cannot be achieved by other methods (Chen et al.,
2020b; Lenz et al., 2015). However, the wavelengths used for Raman
causes the particles to fluoresce so normally there is high background
fluorescence (Zhang et al., Y. 2020). Organic matter removal should be
nearly perfect to avoid these interferences (Chen et al., 2020b). More-
over, it is relatively new to MPs research so the libraries of polymers
are not yet well developed and the presence of additives easily affect
the accuracy of the spectral results (Zhang et al., Y. 2020).

Finally, Pyr-GC/MS has not been undertaken on atmospheric sam-
ples, but it is widely used in studies of MPs in other environments
(Fries et al., 2013). In this technique the chemical composition of MPs
can be identified by analysing their thermal monomeric products and
comparing the results with a program database (Chen et al., 2020b;
Fries et al., 2013). It is a fairly straight forward method as each chro-
matographic analysis takes around 30 min and several polymers can
be detected in a single run. Although the results are not affected by
the additives contained in MPs, it has some limitations: analyse only a
portion of the filter due to the relatively small capacity of the support
to place the filter and being a destructive method (Käppler et al., 2018).

4. Health impact fromMPs inhalation

Although the presence of MPs in air is a fact, human health risks due
to their inhalation remain unclear (Wright et al., 2020). Many questions
remain unanswered in this field such as how naturally weathered in-
haled MPs might contribute to the pathogenesis of different pulmonary
diseases, whether inhaled MPs can translocate to the blood, whether
deleterious health outcomesmay be linked to thedesorptionof contam-
inants in the respiratory system (Amato-Lourenço et al., 2020),whether
MP particles can produce physical damage to the tissues, or to what ex-
tent MPs act as a carrier of organic pollutants or pathogens (Fig. 3). In
1998 it was revealed that 97% of malignant lung specimens contained
microfibres (Pauly et al., 1998). After being inhaled, MPs deposition oc-
curs, this greatly depending on the aerodynamic equivalent diameter of
the particle (influenced by density and diameter of the particle)
(Gasperi et al., 2018; Prata, 2018). Physical mechanisms such as sedi-
mentation, impaction, interception or diffusion are involved in deposi-
tion of MPs in terminal bronchioles, alveolar ducts, and alveoli
(Amato-Lourenço et al., 2020; Prata, 2018). Nevertheless, the human
body has defence mechanical methods to prevent MPs deposition
such as sneezing, mucociliary escalator, phagocytosis by macrophages
or lymphatic transport to avoid biopersistence of MPs (Bank and
Hansson, 2019; Gasperi et al., 2018). However, -these clearancemecha-
nisms cannot exclude the occurrence of inflammatory lesions (Pauly
et al., 1998) caused by interconnected mechanisms: dust overload, oxi-
dative stress, cytotoxicity, and traslocation (Prata, 2018). Dust
overloading explains the effects of accumulation of inert particles in
the respiratory system. In this case, clearance is avoidedby losingmobil-
ity of alveolar macrophages due to high particle accumulation or high



Fig. 3. Implications of MPs inhalation and possible consequences in human respiratory system. (PCBs: polychlorinated biphenyls, PAHs: polycyclic aromatic hydrocarbons).
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surface particles which induce high chemotactic gradients that prevent
macrophage migration (Morrow, 1992; Tran et al., 2000).

Oxidative stress is produced when MPs generate reactive oxygen
species (ROS) in some species (Chen et al., 2020a, 2020b). Organisms
respond releasing pro-inflammatory cytokines and fibrogenic media-
tors as a result of antioxidant protective response saturation
(Donaldson and Lang Tran, 2002; Prata, 2018). Oxidative stress induc-
tion could be due to transporting oxidizing species (e.g., adsorbed
metals) or to the interaction of their high surface area with biological
systems (Kelly and Fussell, 2012). Finally, MPs can translocate (depend-
ing on their hydrophilicity) and reach the circulation, especially during
inflammation due to the increase in tissue permeability (Browne et al.,
2008). The chronic irritation and inflammation produced by the mech-
anisms described above might promote cancer. This is due to the ineffi-
cient removal of particles by macrophages, DNA damage caused by
oxidative stress, evasion of detection by the immune system and gene
mutation favours the formation and progression of malignant cells
(Prata, 2018).

Catarino et al. (2018)made an estimation of human ingestion ofMPs
during evening meals based on fallout, but no approximation has been
made yet to human exposure through inhalation. Assuming a conserva-
tive level of 1 MP/m3 and an adult breathing of 17.40 m3 (U.S. EPA,
2011) of air per day, about 6351 MPs would be being inhaled each
year. Over and above the possible (and generally unknown) chronic ef-
fects of long-term background MPs inhalation at low concentrations,
there are already several studies on the health impacts of being exposed
to high concentrations of MP materials. Thus, airborne MPs are known
to cause occupational hazard disease in industrial workers, with for ex-
ample the inhalation of synthetic fibres being linked to respiratory le-
sions and chronic bronchitis (Goldberg and Thériault, 1994). “Flock
workers lung” is an occupational interstitial lung disease (pulmonary fi-
brosis) caused by inhalation of flock fibres typically comprising rotary-
cut polyamide (nylon), although other microplastic particles such as
polypropylene and polyethylene may also be present (Kern et al.,
1998). Similarly, industrial exposure to polyvinyl chloride can increase
restrictive lung disease (e.g., pneumoconiosis) (Studnicka et al., 1995).
Excessive inhalation of fibrous particles is well known to present in-
creased carcinogenic risk due to possible chemical, mechanical (irrita-
tion), immune (autoimmune response), and genotoxic (genogenic
mutations) impacts (Prata et al., 2018; Siegel et al., 2020), following
the classic studies on asbestiform silicates (chrysolite, amosite,
6

crocidolite, tremolite, actinolite, and anthophyllite) once used as con-
struction and fire hazard materials (Nielsen et al., 2014; Furuya et al.,
2018). Microplastic fibres lack the complex inorganic chemistry of
asbestiform silicates, but they share the fibrous form implicated in frus-
trated phagocytosis and generation of damaging reactive oxygen spe-
cies within the lung tissue (Riediker et al., 2019). People in a normal
environment do not acquire these occupational diseases, but the pre-
cautionary principle advises that this does not absolve the chronic inha-
lation of airborne fibrous MPs from any health risk (Chen et al., 2020a).

Size, density, hydrophobicity, and surface charge of particles can all
influence the deposition and absorption of MPs via the respiratory sys-
tem. Smaller and lighter particles would reach deeper into the lungs
(Rist et al., 2018) with translocation to other organs and traversing
cell membranes being likely very efficientwith nano-sized plastic parti-
cles (Zarus et al., 2021). A recent study found that the repeated inhala-
tion of nano polystyrene particles (100 nmdiameter) caused alterations
in several endpoints related to physiological, serumbiochemical, hema-
tological, and respiratory function markers (Lim et al., 2021). Schirinzi
et al. (2017) have studied the cytotoxicity of commonly used
nanomaterials and MPs on cerebral and epithelial human cells. They
found that polystyrene particles caused higher oxidative stress than
polyethylene particles and they attributed this to the smaller size of
polystyrene compared to polyethylene particles. Wang et al. (2020) ob-
served increasing uptake rates of polystyrene particles from colonic
cancer Caco-2 cells with decreasing particle size. The uptake rates of
nanoplastics were 73%, and 71% for 300 nm and 500 nm sized
polysterene particles respectively. Lower uptake rates were observed
for microplastics, equal to 49%, 43%, and 30% for 1 μm, 3 μm, and 6 μm
sized polystyrene particles, respectively. Similarly, Xu et al. (2019b)
evaluated the effects of polystyrene nanoparticles of two different
sizes: 25 nm and 70 nm diameter on the human alveolar epithelial
A549 cell line including internalization, cell viability, cell cycle, apopto-
sis, and associated gene transcription and protein expression. Their re-
sults showed that 25 nm polystyrene was internalized more rapidly
and efficiently into the cytoplasm than 70 nm polystyrene particles.

5. Microplastics and the COVID-19 pandemic

Several proposals have recently emerged to decrease the quantity of
MPs discharged into the environment: reducing, reusing and recycling
plastics, use of alternative materials (biodegradable plastic, bioplastics)



A. Torres-Agullo, A. Karanasiou, T. Moreno et al. Science of the Total Environment 800 (2021) 149555
or the improvement of legislations such as the European regulation
‘Strategy for Plastics in the Circular Economy’ that aim to restrict the
use of plastics (European Comission, 2018; Kaza et al., 2018).

However, COVID-19 respiratory disease has postponed remediation
actions and plastic bans. In December 2019, a novel type of coronavirus
(SARS-CoV-2) led to a global sanitary, political, economic and environ-
mental crisis. Several measures have been adopted worldwide to con-
tain the virus: lockdowns, travel restrictions, social distancing, or
personal protection equipment's (PPE) use are some of the more effec-
tive preventive measures. In this context, single-use-plastic's (SUP) de-
mand has increased due to COVID-19 high contagiousness. As a result,
many governments have delayed SUP bans and have encouraged popu-
lation to use them in order to avoid cross-contamination (Patrício Silva
et al., 2020). In many countries PPE (including facial masks and gloves)
aremandatory for all citizens indoors and outdoors, so there is a boost in
production (e.g. China produced 200 million face masks a day (June
2020) which is twenty times the amount they made at the start of Feb-
ruary 2020 (Aragaw, 2020).

Indiscriminate use of masks worldwide leads to a monthly con-
sumption of 129 billion masks approximately (Prata et al., 2020b), con-
sidering 7.8 billion inhabitants (Worldometers.info, 2021). Different
kinds of masks are being used: surgical, KN95, FFP2, FFP3, cotton, fash-
ion, or activated carbon masks are some of the most popular. However,
surgicalmasks are themost used. Thesemasks should beworn for a few
hours (e.g., 4 h) and adequately discarded. Generally, mask wastes are
discarded without precautionary measures which means that high
amounts of contaminated plastic are ending up in the environment
and streets. If we consider an incorrect disposal of only 1%, about 10mil-
lion masks are being introduced in the environment monthly which is
near to 30–40,000 kg of plastic (Fadare and Okoffo, 2020; Silva et al.,
2020). Consequently, vast portions of MPs would be produced and re-
main in the environment indefinitely. Abbasi et al. (2020) reported
peaks of MPs from the principal masks’ components (polypropylene,
polyethylene) in marine ecosystems suggesting high accumulations
within short time. Thus, the fraction of MPs coming from masks is ex-
pected to increase the following years.

Apart from the environmental impact of masks, it would be interest-
ing to evaluate their impact on human health. Reusing masks or using
them for long times can generate micro/nanoplastics (Aragaw, 2020;
Fadare and Okoffo, 2020). Masks are disposed over mouth and nose
what creates a perfect atmosphere to inhale the MPs generated. A recent
study conducted by Li et al. (2021) showed that inhalation risks of fibre
MPs increased with improper use of masks, although all masks reduce
the inhalation risks of MPs particles (except when using disinfection
pre-treatments). This study pointed that using poor – quality masks can
pose higher MPs inhalation risk compared with good – quality ones. An-
other recent study (Fernandez- Arribas et al., 2021) examined the organ-
ophosphate ester content in different types of facemasks used for COVID-
19 prevention. Organophosphate esters are widely used as plasticizers
and flame retardants. The highest levels of organophosphate esters
were found in KN95masks (mean value of 11.6 μg/mask), while the low-
est values were those of surgical masks (mean value of 237 ng/mask).

Breathing simulation experiments withmasks are useful to estimate
MPs emissions of masks, but there could be other ways to obtain infor-
mation. For instance, nasal lavages could be used as a tool for monitor-
ing human exposure to MPs. The nose is the first region of the
respiratory tract to be in contact with airborne pollutants (Koren et al.,
1990). Some studies showed that most particulate matter is deposited
in the anterior third of the nasal cavity, but deposition would depend
on the size and density of the particles (Stuart, 1984). This deposition
is mainly due to the nasal structure andmucus generated by calceiform
cells: they generate a turbulence in the airflow, so airborne pollutants
are trapped. If the trapped particles are respiratory irritants, our bodies
would response to them quickly (Koren et al., 1990).

Nasal lavages is a simple technique which allows the measurement
of the irritation response to the particles deposited on the mucosal
7

surface. Normally, medical biomarkers are measured after the lavage
such as inflammatory cell influx, eicosanoid mediators, neuropeptide
release, or nasal glandular products (Peden, 1996). Previous works re-
port satisfactory results using nasal lavages on differentfields:measure-
ment the effect of allergens (Kaliner and Lemanske, 1992), tools to
control air quality (Norbäck et al., 2000) or assessment of inflammations
produced by ozone or volatile organic compounds (VOCs) (Laumbach
et al., 2005). Only a recent study (Velázquez-Gómez and Lacorte,
2019) used nasal lavages to monitor and evaluate direct inhalation of
organic pollutants. Their results showed that nasal lavages can be used
to assess exposure to contaminants which are widely distributed in in-
door andoutdoor environments. In the COVID-19 context,MPs originat-
ing from face masks may be accumulated in the nasal cavity so nasal
lavages would permit a direct evaluation of human exposure to this
and other sources of microplastics.

AlthoughMPs inhalation is a minor problem compared with COVID-
19, it would be interesting to make further research on this area to fully
understand current information.

6. Conclusions and recommendations for future research

Airbornemicroplastics are now attracting scientific attention. Lately,
several studies have reported different MPs concentrations both indoor
and outdoor air. Outdoor and, specially, indoor airborneMPs represent a
relatively neglected but significant pathway for human plastic exposure
and further studies should be carried out to understand their implica-
tions to human health. There is an urgent need to standardize methods
for sampling and analysis airborne MPs because it would help to com-
pare results of different scenarios and have a global knowledge of cur-
rent airborne MPs status. Moreover, better quality data would be
reported. In the COVID-19 context, special attention should be given
to the increase of global plastic waste and inhalation of MPs due to
facemasks use. Facemasks have become indispensable in society, so fu-
ture research should investigate health risks related to short and long-
term inhalation of MPs.
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