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Abstract: Humans are chronically exposed to airborne microplastics (MPs) by inhalation. Various
types of polymer particles have been detected in lung samples, which could pose a threat to human
health. Inhalation toxicological studies are crucial for assessing the effects of airborne MPs and
for exposure-reduction measures. This communication paper addresses important health concerns
related to MPs, taking into consideration three levels of complexity, i.e., the particles themselves, the
additives present in the plastics, and the exogenous substances adsorbed onto them. This approach
aims to obtain a comprehensive toxicological profile of deposited MPs in the lungs, encompassing
local and systemic effects. The physicochemical characteristics of MPs may play a pivotal role in lung
toxicity. Although evidence suggests toxic effects of MPs in animal and cell models, no established
causal link with pulmonary or systemic diseases in humans has been established. The transfer of
MPs and associated chemicals from the lungs into the bloodstream and/or pulmonary circulation
remains to be confirmed in humans. Understanding the toxicity of MPs requires a multidisciplinary
investigation using a One Health approach.
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1. Introduction

The presence and toxicity of plastic in the environment have been studied for decades
now, and plastic is recognized as a persistent organic pollutant that causes harmful health
effects on living organisms [1]. Nevertheless, studies on human exposure to and the toxicity
of plastic are scarce and focused predominantly on the oral route within contaminated food
and beverages. Recent publications have reported the presence of plastic fragments in the
human lungs, revealing inhalation as an additional route of absorption [2–6]. Plastic is a
generic term including numerous polymers and rubbers that are used in the production
of countless single-use and reusable products intended for human activities, such as toys,
furniture, tires, vehicle interiors, medical and sport equipment, and carpets [7–9]. During
the manufacturing process of these products, a plethora of chemicals, such as plasticizers,
solvents, antioxidants, biocides, colorants, fillers, flame retardants, light stabilizers, nu-
cleating agents, and fragrances, can be incorporated into the polymer matrix [10]. These
additives impart additional properties to the polymers, such as functionality, longevity,
color, brightness, and homogenous blending of the final product [11,12]. Plastics may also
contain non-intentionally added chemicals, like by-products and breakdown products [13].
Therefore, one plastic item is not a composite blend of a polymer but a cocktail of different
chemicals. With use and aging, plastic items wear out, releasing countless fragments into
the soil, water, and the atmosphere [14,15]. MPs are plastic fragments with a size ranging
from 5 mm to 0.001 mm, the smallest (<0.001 mm) being nanoplastics [16,17]. MPs are
predominant as dust [18–20] and airborne particles [16,20–23] in urban areas [24] and
indoor environments [23,25,26]. Dust is easily resuspended in the air with the action of
air flow (i.e., wind, ventilation systems, passing vehicles, doors opening/closing), making
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MPs available for inhalation [8,27,28]. Human inhalation exposure to airborne MPs may
vary during the day, depending on human activity and location. Workers may be exposed
to indoor and outdoor airborne MPs during specific activities such as the production of
plastic items, the treatment of plastic waste, road maintenance, and 3D printing [29–36].
Children crawling on the floor can lead to resuspending MPs in the air at short distance
to their nose and mouth. Knowing that children and adults spend on average 19 h and
21 h per day indoors (i.e., at home, in the workplace, and in a vehicle) [37], respectively,
inhalation can therefore be considered as a chronic exposure route to airborne MPs, with
concentration peaks depending on the activities.

Little is known about the inhalation exposure of humans to MPs and the characteristics
of these particles in the lungs. The interactions of MPs with the pulmonary environment
(i.e., local effects) and their potential distribution throughout the human body need to be
investigated. In the environmental field, studies have predominantly focused on relatively
large MPs using analytical methods reliable for water, soil, and air samples. Analytical
method improvements such as Raman and infrared microscopy (e.g., µFTIR), and pyrolysis–
gas chromatography–mass spectrometry (Py-GC/MS) can nowadays provide detailed
descriptions of the MPs present in human fluids and tissues [2–4]. Airborne MPs display
a range of sizes, shapes, and chemical compositions that may influence both their lung
deposition and pulmonary (local) and systemic toxicity [7,38,39]. Systemic effects occur
when a chemical enters the lymphatic or circulatory system, which is interconnected with
various organs and tissues [40]. Moreover, the hydrophobic surface of MPs likely promotes
the adsorption of exogenous pollutants with high octanol–water partition coefficients
(Kow), such polycyclic aromatic hydrocarbons (PAHs), organochlorinated biphenyls (PCBs),
per- and poly-fluoroalkyl substances (PFASs), pesticides, and pharmaceuticals [7,41–43].
These adsorbed pollutants may be released in the lungs depending on the local conditions
(e.g., temperature, pH, humidity, macrophages, residence time). MPs can thus serve as
reservoirs for additives and as carriers for hazardous pollutants that may threaten human
health [44–47].

The toxicological assessment of airborne MPs via inhalation relies on a combination
of physical and chemical factors that could potentially act simultaneously to induce local
and/or systemic toxic effects (Figure 1). The aim of this communication is to outline three
levels of complexity that are important to consider when assessing inhalation exposure to
MPs and human health: (1) MPs as deposited particles in the lungs, (2) MPs as reservoirs of
additives, and (3) MPs as carriers of adsorbed pollutants. From our perspective, adopting a
holistic approach facilitates a comprehensive assessment of the risks associated with MP
exposure, thereby providing valuable insights for decision-makers in the public health and
environmental protection domains.

1.1. MPs Deposited in the Lungs

As with other airborne particles, MPs with a size range of 1–5 µm are likely deposited
in the nasopharyngeal and bronchial sections of the respiratory tract [48]. MPs of 1 µm
and nanoplastics can reach the deepest lung regions (i.e., the alveoli), where vital gas
exchanges with blood occur. Inhalation exposure to MPs can lead to an accumulation of
26 to 130 MPs per day in the human lungs [22]. Deposition of MPs in the respiratory system
depends on their size, shape, and surface properties. Until now, only seven studies have
characterized MPs in human lung tissues and bronchoalveolar lung fluid (BALF) using
optimized analytical methods [2–6,49,50]. The results of these studies are summarized
in Table 1. Among the polymers that were targeted in lung tissues, the predominant
one were polypropylene (PP) and polyethylene terephthalate (PET) [2,4,5,49]. Focusing
specifically on MP fibers, Chen et al., in 2022 [4], observed that the quantity of these
fibers was twice as high in lung tumors than in normal tissues. Three other studies also
primarily focused on fibers but in human BALF samples [3,6,50]. The MP size ranged
from <5 µm to 34 µm, and the four dominant polymers were PE, PP, PET, and PS. A
single study reported a concentration of 9.18 ± 2.45 MP fibers/100 mL of BALF [3]. In
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the BALF of children, up to 332 MP particles were found, and the concentration was even
higher than in adult samples [50]. Within these studies, fibers, fragments, and films were
detected. The length range reported was from <5.5 µm up to 2475 µm, with fibers usually
exhibiting the most elongated shape. One study characterized the surface of the fibers as
having rough and porous features with cracks or being significantly damaged [6]. These
seven studies provide the first insights into the presence of MPs in human lungs. The
detection and characterization methods used in these studies relied on infrared spectro-
imaging (i.e., µFTIR, µRaman, LDIR). While these imaging techniques provide particle-
based concentrations, their detection is limited by the spatial resolution of the instrument,
typically ranging between 5–20 µm. This limitation hinders the detection of small MPs and
nanoplastics. The identification of particles using these techniques is heavily influenced by
particle aging, as most spectral libraries only contain data on virgin polymers unaffected
by solar radiation, atmospheric gases, abrasion, and heat. Additionally, these techniques
solely provide information on the nature of the polymer but not the additives present
in the particles. Therefore, additives cannot be analyzed using these techniques. To our
knowledge, Py-GC/MS has not been employed for analyzing MPs in human lungs up
to now, although Py-GC/MS is not based on the spectral characteristics of the MPs but
on the analysis of molecular tracers by mass spectrometry. This approach offers several
advantages over infrared-based methods, since the detection of MPs is not limited by
the size but by the mass. Py-GC/MS can provide information on the additives present
in MPs. Detection and characterization methods based on infrared spectroscopy and
mass spectrometry complement each other. Combining these approaches could enhance
our understanding of the chemical and physical complexities of MPs, leading to a more
comprehensive assessment of the nature of airborne MPs and, therefore, the potential
health effects.
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Figure 1. Inhalation exposure to microplastics (MPs) of varying physical and chemical properties. 
Three situations related to MP deposition in the pulmonary system may harm human health by 
acting simultaneously or independently. 1. MP particles deposited in the lungs. 2. MPs as reservoirs 
of additives. 3. MPs as carriers of environmental pollutants. This figure was created with 
https://www.canva.com/ (Accessed on 15 March 2024). 
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Table 1. MP characteristics in human lung tissues and bronchoalveolar lavage (BALF). The most
abundant MP is highlighted in bold when reported by the studies. The size refers to either the average
or the maximal size or the most abundant MP size found in the studies. Acrylates (ACRs), acrylic
(AC), butadiene rubber (BR), chlorinated polyethylene (CPE), chlorinated polyisoprene (PICH),
ethylenevinyl acetate (EVA), poly(ethylene terephthalate) (PET), poly(methylmethacrylate) (PMMA),
poly(tetrafluoroethylene) (PTFE), poly-(vinylchloride) (PVC), polycarbonate (PC), polyester (PES),
polyethylene (PE), polyimide (PI), polystyrene (PS), polysulfone (PSU), polytetrafluoroethylene
(PTFE), polyurethane (PUR), polyamide (PA), polybutylene terephthalate (PBT), and polypropy-
lene (PP).

Sample
Type Polymer Shape Size (µm) Concentration Detection

Method Reference

Lung tissue PP, PET Fibers, fragments,
films

12–2475 (length)
4–88 (width)

0.41–3.12 MPs/g
tissue mFTIR [2]

Lung tissue

PP, PET, PS, PVC,
PTFE, CPE, PE,
ACR, EVA, BR,
PUR, silicone

Fibers 20–100 (diameter) 2.19 MPs/g tissue LDIR [49]

Lung tissue

PP, PE, PVC,
cellulose acetate,

PE, co-PP, PS,
PS-co-PVC, PUR

Fibers, fragments <5 (fragments)
8.12–16.8 (fibers) 0.56 MPs/g tissue mRaman [5]

Lung tissue
PE, PET, AC,

phenoxy resin,
rayon

Fibers
(>20 µm)

Up to 1750
(length)

Up to 34.29
(width)

- mFTIR [4]

BALF - Fibers 1730 9.2 ± 2.5 MPs/
100 mL BALF mFTIR [3]

BALF
PP, PE, PES, PET,
PVC, PC, PTFE,

AC, PA, PBT

Fragment, fibers,
pellets, sheet <5 4.31 ± 2.77 MPs/

10 mL BALF mRaman [50]

BALF

PE, PET, PP, PS, PC,
PUR, PSU, PP, PVC,
PMMA, PI, PTFE,

ACR, PICH

Fiber
(length-to-diameter

ratio ≥3 µm),
“Irregular particles”
(length-to-diameter

ratio <3 µm)

30–34 0.91 MPs/g BALF LDIR [6]

1.2. Toxicity of MPs in the Lungs

Alveolar macrophages are efficient in clearing particles with diameters >1 µm, while
smaller particles tend to persist for longer period [51]. In the bronchial region, a layer of
mucus lines the airway walls, where cilia actively vibrate to remove deposited particles
back up to the esophagus within 24 h following particle inhalation [52]. In vitro studies
showed that polystyrene (PS) microspheres of a 1 µm diameter can be internalized in less
than 24 h by human alveolar A549 cells, altering the proliferation, metabolism, morphology,
and cohesion of these cells [53–55]. The size and shape of polyethylene (PE) and PS MPs are
related to cytotoxic effects in human cerebral and lung epithelial cells [56,57]. In addition
to the size, the surface characteristics may induce pulmonary effects in animal-models
exposed to PS microspheres by tracheal instillation [58]. Except in respiratory therapy,
where spherical MPs are used as carriers for drug delivery application [59], humans are
mainly exposed to airborne MPs with irregular shapes [6,49,50]. Workers exposed to
polypropylene (PP) microfibers with an irregular shape and size coupled with lamellar
fragmentation at the surface exhibited a 3.6-fold higher risk of respiratory symptoms
compared to non-exposed individuals [60]. Toxicological studies on the effects of PP
and other polymers with an irregular shape at the pulmonary level are lacking [61]. PS
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microspheres have been the most extensively studied polymer and shape in vitro and
in vivo, demonstrating apoptosis in human alveolar macrophages, alveolar epithelial cells,
and lung cancer cells. Alveolar lesions were reported in rodents exposed by inhalation
to nylon dust and acrylic fibers [62]. Lung biopsies revealing acute alveolar injury and
bronchiolitis were also documented in workers suffering from occupational interstitial lung
disease (flock worker’s lung) after repeated and prolonged exposures to PE and nylon
microfibers [29,63–65]. Chronic occupational exposure to PVC dust was associated with
breathlessness symptoms and abnormal pulmonary function responses [31,60]. PVC and
vinyl chloride were linked to lung inflammation and diseases, including cancers [66]. While
evidence supports the effects of MPs on pulmonary cells in vitro and in animal models as
well as on respiratory diseases in plastic industry workers, a causal link has never been
established in humans. One reason for the lack of causality may be attributed to advances
in methods specifically designed to characterize and quantify MPs, which are only recent.
These methods hold promise for demonstrating a causal link in humans and, thus, a better
understanding of the health risks of inhaled MPs.

Py-GC/MS detected PET, PE, and styrene polymers with sizes equal to or exceeding
0.7 µm in human blood samples [67], raising questions about the route and mechanism
of absorption of MPs. Diffusion through the alveolar wall into the lymphatic system was
reported for particles ranging between 0.1 and 1 mm in diameter [68]. After oral exposure,
nano- and micro-plastics (polystyrene) penetrated the lymphatic and/or blood system in
rodents [69,70]. PS microparticle absorption across membranes was reported to be fast,
within minutes in the small intestine of rats orally exposed to PS microspheres [71,72].
PS MPs with a diameter ranging from 500 nm to 5 µm were detected in the blood and
further distributed to the brain and the heart, with the highest concentrations found in the
liver, kidneys, and lungs. In humans, the likelihood that MPs reach the placenta and the
blood–brain barrier is starting to be tackled, along with their distribution into the liver,
muscles, and brain [7]. In an in vitro 3D lung cell model, Rothen-Rutishauser et al. [54]
showed that 1 µm PS particles either adhered to or were internalized in macrophages
present on the epithelial surface. These immune cells aim to remove foreign particles
through the bloodstream and the lymphatic system. Subsequently, MPs may also be found
in the regional lymph nodes [73]. The relative contribution of lymphatic transport and
mucociliary clearance varies among species [74] and is unknown with MPs in humans,
nor are the systemic effects of MPs. A broad spectrum of MP toxic effects at the whole-
organism level were observed in various species, mainly from marine ecosystems [75–79].
These effects span multiple life stages, encompassing developmental, behavioral, genotoxic,
and metabolic aspects, along with increased mortality, immune responses, and organs
dysfunction. To understand the potential local and systemic effects in humans chronically
exposed to airborne MPs, the characterization and quantification of both airborne MPs
in indoor environments and deposited MPs in the lungs would serve as a starting point.
Basic toxicological principles assert that the frequency and dose (i.e., the mass of MPs
deposited in the lungs) of exposure, as well as the residence time of MPs in the lungs,
can determine the toxicity of both the MPs and the released chemicals (i.e., additives and
adsorbed pollutants).

1.3. MPs as Reservoirs of Chemicals

MPs provide a durable reservoir for both classified and unclassified hazardous chemi-
cal intentionally or unintentionally incorporated in the polymer, which may leak into the
pulmonary environment (i.e., lung tissues and fluids). Approximately 10,550 chemicals
were identified as likely being used in plastics across various industrial sectors, and
4300 chemicals are likely used in plastic packaging [10,13]. Among these additives, up to
half of them lack hazard classifications, with the others having been reported as having
endocrine-disrupting effects, neurotoxicity, or reprotoxicity, such as phthalates, bisphenol A
(BPA), triclosan, bisphenone, organotins, and brominated flame retardants [80]. Phthalates,
used as plasticizers to impart flexibility to polymer plastics, are an example of additives
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that are not chemically bound to the polymer matrix and that can migrate to the surface of
the product [81]. Phthalates are additives known to leak from plastic medical devices and
accessories when in contact with solvents such as n-hexane and a mixture of ethanol/water
in laboratory conditions [82,83]. Phthalates (along with other additives) are prevalent in
indoor air and dust, particularly in environments with plastic products and devices such as
hospitals and freshly decorated spaces [84,85]. After inhalation exposure, these additives
have the potential to traverse the human alveolar–capillary membrane and be distributed
throughout the body [86]. The lungs are a large surface of chemical absorption into the
blood. This route of absorption bypasses the first-pass metabolism, a primary important
“detoxifying” step inherent in the oral route [40]. Therefore, hazardous chemicals can be
distributed to organs prior to being detoxified. To the best of our knowledge, no study
has specifically investigated the inhalation of MPs containing additives nor the release of
these chemicals in vivo or in a simulated pulmonary environment (e.g., pulmonary fluid,
T◦, pH, and enzymes). It is known that additives can be released by tire particles in the
gastric and intestinal fluid [87], and similar studies should be performed with MPs exposed
to simulated pulmonary fluid. Toxicological data are needed to understand the diffusion
kinetics of plastic additives, their concentrations in the lungs and residence time, and their
transfer across membranes. These data are important in assessing the potential effects
of additives in the lungs and their absorption rate into the blood following inhalation
exposure to MPs.

1.4. Toxicity of Additives

Given the multitude of additives and unintentionally added chemicals that could
be present in MPs, we have chosen to summarize some effects related to phthalates and
bisphenols as examples. In the lungs, phthalates interfere with the nuclear hormone recep-
tor superfamily, influencing gene transcription [88] and lung maturation [89]. Following
inhalation exposure, phthalates alter lung weight, cell proliferation, and the structure
of the alveoli, potentially impacting gas exchange in rats [90–92]. Phthalates are associ-
ated with lung inflammation, oxidative stress, and a clinical decrease in the pulmonary
functions [93–99]. Multiple studies have linked phthalates exposure with asthma and
allergic reactions [100–102], including in children [97]. Oral exposure to phthalates also
induces numerous lung effects, including abnormal lung histology [90], morphological
changes in pneumocytes cells, and an increase in the number of alveolar macrophages in
the pulmonary blood vessels [103]. These results demonstrate the affinity of phthalates for
lung tissues, even when the exposure is not via inhalation. Bisphenols are other common
plastic additives that cause pulmonary damage when in contact with the respiratory system.
Similarly to phthalates, bisphenol A is associated with asthma [93,97,104–106]. Bisphenols
also cause collapsed alveoli and morphological changes in the mucosa, blood vessels, and
interalveolar septum [107,108], as well as lung development disorders [109,110]. These two
examples of additives exhibiting lung toxicity are concerning considering the numerous
other chemicals that may also leak into the lungs following MP inhalation exposure. This
mixture of chemicals may induce individual, additive, or synergistic effects at both the
local and systemic levels.

Phthalates and bisphenols (A and B) are endocrine-disrupting chemicals (EDCs) [111,112]
with toxic effects on female and male reproduction, development, and various organs,
along with the initiation of cancers [102,113–118]. In humans, toxic effects have been
associated with phthalates such as retarded male reproductive development [119,120],
altered semen quality [121,122], and allergic symptoms in children [97,104]. However, it
remains unknown whether plastic additives such as phthalates and bisphenols can be
absorbed in the bloodstream after MP inhalation exposure. Some evidence suggests that
inhaled phthalates can cross the alveolar–blood membrane before being eliminated through
urine [86,123,124]. Therefore, chronic exposure to MPs may be seen as a hidden health
threat with significant toxic effects in humans [125].



Toxics 2024, 12, 358 7 of 13

1.5. MPs as Carriers for Environmental Pollutants

MPs can be a carrier for hazardous chemicals present in the environment [126,127].
MP surfaces are mainly hydrophobic and often have large specific surface areas favoring
the adsorption of environmental pollutants (i.e., exogenous chemicals) with medium-
to-high log Kow constants, such as PAHs, PCBs, PFASs, and PBDEs [7,41,42]. PFASs,
with log Kow values ranging from 3 to over 6, are hydrophobic compounds that easily
adsorb on plastics and are mainly associated with particulate matter. In the lungs, MPs
and the carried hazardous pollutants come into contact with the epithelial fluid that
lines the airways, extending from the larger airways down to the alveoli. This aqueous
layer of biological solutes lining the pulmonary epithelium contains surfactants [128].
Composed mainly of phospholipids and proteins, the surfactant reduces surface tension,
thus maintaining the alveoli in an open conformation optimal for gas exchange. With their
amphiphilic structure, the phospholipids may favor the desorption and solubilization of
hydrophobic chemicals. The local conditions (e.g., temperature, pH, humidity, enzymes) in
the lungs may also influence the release of adsorbed pollutants. These chemicals become
bioavailable in the surfactant and epithelial fluid, acting possibly similarly to the additives
described previously. However, studies having specifically assessed the inhalation of MPs
containing hazardous pollutants are still lacking. Studies performed with pulmonary
fluids exist for particle matter (PM2.5 and PM10) and adsorbed metals and inorganic and
organic matter such as PAHs [129]. MPs have been demonstrated to adsorb PAHs [130],
but the desorption kinetics is unknown. In the lungs, PAHs easily diffuse through cell
membranes and have been quantified in cancer tissues [131,132]. PAHs are reported to alter
pulmonary functions and to be responsible for lung cancer [130]. PAHs have mutagenic,
carcinogenic, and endocrine-disrupting effects, mainly due to enzymatic transformation
leading to the formation of toxic metabolites [131]. After inhalation exposure, PAHs
induced cancers, cardiovascular diseases [133], and blood hemolysis [134]. PAHs are an
example of exogenous chemicals, among others, that MPs can carry. Therefore, airborne
MPs can act as a “Trojan Horse”, hiding and carrying toxic exogenous and indigenous
(additives) chemicals along the airways and likely throughout the entire organism.

2. Key Messages

In contrast to previous beliefs, MPs should no longer be considered inert and harmless
particles. The physical heterogeneity of MPs can induce localized effects on the lungs.
Evidence shows the pulmonary and systemic effects of MPs in animal or cell models,
with PS microspheres being predominantly studied in terms of polymer and shape. As
carriers for additives and environmental chemicals, inhalation exposure to MPs may pose
additional risks to human health. Studies investigating the inhalation of MPs containing
significant amounts of additives and/or pollutants are lacking. The transfer of MPs and
endogenous/exogenous chemicals from the lungs into the bloodstream and/or lymphatic
circulation still needs to be confirmed in humans, along with the local conditions favoring
the release of these chemicals in the lungs. Similarly to other airborne particles, MPs may
cross pulmonary membranes and accumulate in lymphatic nodules, impairing the immune
system or being bioavailable for blood transport within the human body [74]. So far, only
one article has reported the presence of MPs in human blood [68], leaving a significant
gap in the knowledge on the target organs and Trojan Horse potential of these particles.
Characterizing human exposure to MPs, monitoring plastic additives in the urine and blood
of individuals with high exposure levels (e.g., workers in plastic industries and plastic
recycling), and performing inhalation exposure studies using labeled MPs are promising
research avenues for understanding the human health risk of MPs.

Chronic inhalation exposure to MPs, from birth to death, requires thorough inves-
tigations. Given the increasing prevalence of MPs in the air, a “One Health” approach
integrating disciplines such as toxicology, environmental sciences, chemistry, biology, and
medicine appears imperative. Only a multidisciplinary approach will enable a comprehen-
sive understanding of the toxicological effects of MPs via inhalation, providing guidance
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for public health policies. Continuing the effort to characterize airborne MPs and those
deposited in the respiratory system is important, considering all particle shapes, polymers,
and even overlooked sources like rubber from tires. A non-target screening analysis is
likely valuable for analyzing and studying the different chemicals associated with MPs
in both human and environment samples, such as indoor buildings, urban centers, and
plastic recycling areas. Nowadays, advanced instrumental methods are available for an-
alyzing air and human biological samples. Encouraging the adoption of standardized
protocols is important for consistently quantifying and characterizing MPs, considering
factors like polymer types, sizes, shapes, and surface characteristics. Obtaining human
samples poses ethical challenges, making them valuable and scarce resources in scientific
research. Therefore, adopting a uniform approach can enhance the comparability of results
across different studies, aiding in a comprehensive understanding of the health risks posed
by airborne MPs.

Author Contributions: Conceptualization, M.B. and F.B.; methodology, M.B. and F.B.; investigation,
M.B.; resources, M.B. and F.B.; data curation, M.B. and F.B.; writing—original draft preparation, M.B.;
writing—review and editing, M.B. and F.B.; visualization, M.B.; project administration, M.B. and F.B.
All authors have read and agreed to the published version of the manuscript.

Funding: The APC was funded by University of Lausanne and Unisanté.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Basel Convention Plastic Waste—Overview. Available online: https://www.basel.int/Implementation/Plasticwaste/Overview/

tabid/8347/Default.aspx (accessed on 29 November 2023).
2. Jenner, L.C.; Rotchell, J.M.; Bennett, R.T.; Cowen, M.; Tentzeris, V.; Sadofsky, L.R. Detection of Microplastics in Human Lung

Tissue Using MFTIR Spectroscopy. Sci. Total Environ. 2022, 831, 154907. [CrossRef]
3. Baeza-Martínez, C.; Olmos, S.; González-Pleiter, M.; López-Castellanos, J.; García-Pachón, E.; Masiá-Canuto, M.; Hernández-

Blasco, L.; Bayo, J. First Evidence of Microplastics Isolated in European Citizens’ Lower Airway. J. Hazard. Mater. 2022, 438, 129439.
[CrossRef]

4. Chen, Q.; Gao, J.; Yu, H.; Su, H.; Yang, Y.; Cao, Y.; Zhang, Q.; Ren, Y.; Hollert, H.; Shi, H.; et al. An Emerging Role of Microplastics
in the Etiology of Lung Ground Glass Nodules. Environ. Sci. Eur. 2022, 34, 25. [CrossRef]

5. Amato-Lourenço, L.F.; Carvalho-Oliveira, R.; Júnior, G.R.; Dos Santos Galvão, L.; Ando, R.A.; Mauad, T. Presence of Airborne
Microplastics in Human Lung Tissue. J. Hazard. Mater. 2021, 416, 126124. [CrossRef]

6. Qiu, L.; Lu, W.; Tu, C.; Li, X.; Zhang, H.; Wang, S.; Chen, M.; Zheng, X.; Wang, Z.; Lin, M.; et al. Evidence of Microplastics in
Bronchoalveolar Lavage Fluid among Never-Smokers: A Prospective Case Series. Environ. Sci. Technol. 2023, 57, 2435–2444.
[CrossRef]

7. Wright, S.L.; Kelly, F.J. Plastic and Human Health: A Micro Issue? Environ. Sci. Technol. 2017, 51, 6634–6647. [CrossRef]
8. Amato-Lourenço, L.F.; dos Santos Galvão, L.; de Weger, L.A.; Hiemstra, P.S.; Vijver, M.G.; Mauad, T. An Emerging Class of Air

Pollutants: Potential Effects of Microplastics to Respiratory Human Health? Sci. Total Environ. 2020, 749, 141676. [CrossRef]
9. Zimmermann, L.; Dierkes, G.; Ternes, T.; Völker, C.; Wagner, M. Benchmarking the in Vitro Toxicity and Chemical Composition of

Plastic Consumer Products. Environ. Sci. Technol. 2019, 53, 11467–11477. [CrossRef]
10. Wiesinger, H.; Wang, Z.; Hellweg, S. Deep Dive into Plastic Monomers, Additives, and Processing Aids. Environ. Sci. Technol.

2021, 55, 9339–9351. [CrossRef] [PubMed]
11. Weschler, C.J.; Nazaroff, W.W. Semivolatile Organic Compounds in Indoor Environments. Atmos. Environ. 2008, 42, 9018–9040.

[CrossRef]
12. Hahladakis, J.N.; Velis, C.A.; Weber, R.; Iacovidou, E.; Purnell, P. An Overview of Chemical Additives Present in Plastics:

Migration, Release, Fate and Environmental Impact during Their Use, Disposal and Recycling. J. Hazard. Mater. 2018, 344,
179–199. [CrossRef] [PubMed]

13. Groh, K.J.; Backhaus, T.; Carney-Almroth, B.; Geueke, B.; Inostroza, P.A.; Lennquist, A.; Leslie, H.A.; Maffini, M.; Slunge, D.;
Trasande, L.; et al. Overview of Known Plastic Packaging-Associated Chemicals and Their Hazards. Sci. Total Environ. 2019, 651,
3253–3268. [CrossRef] [PubMed]

https://www.basel.int/Implementation/Plasticwaste/Overview/tabid/8347/Default.aspx
https://www.basel.int/Implementation/Plasticwaste/Overview/tabid/8347/Default.aspx
https://doi.org/10.1016/j.scitotenv.2022.154907
https://doi.org/10.1016/j.jhazmat.2022.129439
https://doi.org/10.1186/s12302-022-00605-3
https://doi.org/10.1016/j.jhazmat.2021.126124
https://doi.org/10.1021/acs.est.2c06880
https://doi.org/10.1021/acs.est.7b00423
https://doi.org/10.1016/j.scitotenv.2020.141676
https://doi.org/10.1021/acs.est.9b02293
https://doi.org/10.1021/acs.est.1c00976
https://www.ncbi.nlm.nih.gov/pubmed/34154322
https://doi.org/10.1016/j.atmosenv.2008.09.052
https://doi.org/10.1016/j.jhazmat.2017.10.014
https://www.ncbi.nlm.nih.gov/pubmed/29035713
https://doi.org/10.1016/j.scitotenv.2018.10.015
https://www.ncbi.nlm.nih.gov/pubmed/30463173


Toxics 2024, 12, 358 9 of 13

14. Liu, Z.; Little, J.C. Semivolatile Organic Compounds (SVOCs): Phthalates and Flame Retardants. In Toxicity of Building Materials;
Pacheco-Torgal, F., Jalali, S., Fucic, A., Eds.; Woodhead Publishing Series in Civil and Structural Engineering; Woodhead
Publishing: Sawston, UK, 2012; pp. 122–137. ISBN 978-0-85709-122-2.

15. Liu, C.; Zhao, B.; Zhang, Y. The Influence of Aerosol Dynamics on Indoor Exposure to Airborne DEHP. Atmos. Environ. 2010, 44,
1952–1959. [CrossRef]

16. Zhang, Y.; Kang, S.; Allen, S.; Allen, D.; Gao, T.; Sillanpää, M. Atmospheric Microplastics: A Review on Current Status and
Perspectives. Earth-Sci. Rev. 2020, 203, 103118. [CrossRef]

17. Smith, M.; Love, D.C.; Rochman, C.M.; Neff, R.A. Microplastics in Seafood and the Implications for Human Health. Curr. Environ.
Health Rep. 2018, 5, 375–386. [CrossRef]

18. Kitahara, K.-I.; Nakata, H. Plastic Additives as Tracers of Microplastic Sources in Japanese Road Dusts. Sci. Total Environ. 2020,
736, 139694. [CrossRef]

19. Patchaiyappan, A.; Dowarah, K.; Zaki Ahmed, S.; Prabakaran, M.; Jayakumar, S.; Thirunavukkarasu, C.; Devipriya, S.P. Prevalence
and Characteristics of Microplastics Present in the Street Dust Collected from Chennai Metropolitan City, India. Chemosphere 2021,
269, 128757. [CrossRef]

20. Dehghani, S.; Moore, F.; Akhbarizadeh, R. Microplastic Pollution in Deposited Urban Dust, Tehran Metropolis, Iran. Environ. Sci.
Pollut. Res. Int. 2017, 24, 20360–20371. [CrossRef]

21. Gasperi, J.; Wright, S.L.; Dris, R.; Collard, F.; Mandin, C.; Guerrouache, M.; Langlois, V.; Kelly, F.J.; Tassin, B. Microplastics in Air:
Are We Breathing It In? Curr. Opin. Environ. Sci. Health 2018, 1, 1–5. [CrossRef]

22. Prata, J.C. Airborne Microplastics: Consequences to Human Health? Environ. Pollut. 2018, 234, 115–126. [CrossRef]
23. Dris, R.; Gasperi, J.; Saad, M.; Mirande, C.; Tassin, B. Synthetic Fibers in Atmospheric Fallout: A Source of Microplastics in the

Environment? Mar. Pollut. Bull. 2016, 104, 290–293. [CrossRef] [PubMed]
24. Liao, Z.; Ji, X.; Ma, Y.; Lv, B.; Huang, W.; Zhu, X.; Fang, M.; Wang, Q.; Wang, X.; Dahlgren, R.; et al. Airborne Microplastics in

Indoor and Outdoor Environments of a Coastal City in Eastern China. J. Hazard. Mater. 2021, 417, 126007. [CrossRef] [PubMed]
25. Zhang, J.; Wang, L.; Kannan, K. Microplastics in House Dust from 12 Countries and Associated Human Exposure. Environ. Int.

2020, 134, 105314. [CrossRef] [PubMed]
26. Jenner, L.C.; Sadofsky, L.R.; Danopoulos, E.; Rotchell, J.M. Household Indoor Microplastics within the Humber Region (United

Kingdom): Quantification and Chemical Characterisation of Particles Present. Atmos. Environ. 2021, 259, 118512. [CrossRef]
27. Balasubramanian, R.; Lee, S.S. Characteristics of Indoor Aerosols in Residential Homes in Urban Locations: A Case Study in

Singapore. J. Air Waste Manag. Assoc. 2007, 57, 981–990. [CrossRef] [PubMed]
28. Henry, C.; Minier, J.-P.; Brambilla, S. Particle Resuspension: Challenges and Perspectives for Future Models. Phys. Rep. 2023, 1007,

1–98. [CrossRef]
29. Kern, D.G.; Crausman, R.S.; Durand, K.T.; Nayer, A.; Kuhn, C. Flock Worker’s Lung: Chronic Interstitial Lung Disease in the

Nylon Flocking Industry. Ann. Intern. Med. 1998, 129, 261–272. [CrossRef] [PubMed]
30. Shahsavaripour, M.; Abbasi, S.; Mirzaee, M.; Amiri, H. Human Occupational Exposure to Microplastics: A Cross-Sectional Study

in a Plastic Products Manufacturing Plant. Sci. Total Environ. 2023, 882, 163576. [CrossRef] [PubMed]
31. Soutar, C.A.; Copland, L.H.; Thornley, P.E.; Hurley, J.F.; Ottery, J.; Adams, W.G.; Bennett, B. Epidemiological Study of Respiratory

Disease in Workers Exposed to Polyvinylchloride Dust. Thorax 1980, 35, 644–652. [CrossRef]
32. Murashov, V.; Geraci, C.L.; Schulte, P.A.; Howard, J. Nano- and Microplastics in the Workplace. J. Occup. Environ. Hyg. 2021, 18,

489–494. [CrossRef]
33. Dris, R.; Gasperi, J.; Mirande, C.; Mandin, C.; Guerrouache, M.; Langlois, V.; Tassin, B. A First Overview of Textile Fibers,

Including Microplastics, in Indoor and Outdoor Environments. Environ. Pollut 2017, 221, 453–458. [CrossRef] [PubMed]
34. Stefaniak, A.B.; Johnson, A.R.; du Preez, S.; Hammond, D.R.; Wells, J.R.; Ham, J.E.; LeBouf, R.F.; Martin, S.B.; Duling, M.G.;

Bowers, L.N.; et al. Insights Into Emissions and Exposures From Use of Industrial-Scale Additive Manufacturing Machines. Saf.
Health Work 2019, 10, 229–236. [CrossRef] [PubMed]

35. Wagner, S.; Hüffer, T.; Klöckner, P.; Wehrhahn, M.; Hofmann, T.; Reemtsma, T. Tire Wear Particles in the Aquatic Environment—A
Review on Generation, Analysis, Occurrence, Fate and Effects. Water Res. 2018, 139, 83–100. [CrossRef] [PubMed]

36. Mathissen, M.; Scheer, V.; Vogt, R.; Benter, T. Investigation on the Potential Generation of Ultrafine Particles from the Tire–Road
Interface. Atmos. Environ. 2011, 45, 6172–6179. [CrossRef]

37. Mercier, F.; Glorennec, P.; Thomas, O.; Le Bot, B. Organic Contamination of Settled House Dust, a Review for Exposure Assessment
Purposes. Environ. Sci. Technol. 2011, 45, 6716–6727. [CrossRef] [PubMed]

38. Poerio, T.; Piacentini, E.; Mazzei, R. Membrane Processes for Microplastic Removal. Molecules 2019, 24, 4148. [CrossRef] [PubMed]
39. Leslie, H.A.; Depledge, M.H. Where Is the Evidence That Human Exposure to Microplastics Is Safe? Environ. Int. 2020, 142, 105807.

[CrossRef] [PubMed]
40. Burcham, P.C. An Introduction to Toxicology; Springer: London, UK, 2014; ISBN 978-1-4471-5552-2.
41. González-Pleiter, M.; Pedrouzo-Rodríguez, A.; Verdú, I.; Leganés, F.; Marco, E.; Rosal, R.; Fernández-Piñas, F. Microplastics

as Vectors of the Antibiotics Azithromycin and Clarithromycin: Effects towards Freshwater Microalgae. Chemosphere 2021,
268, 128824. [CrossRef] [PubMed]

42. Verdú, I.; González-Pleiter, M.; Leganés, F.; Rosal, R.; Fernández-Piñas, F. Microplastics Can Act as Vector of the Biocide Triclosan
Exerting Damage to Freshwater Microalgae. Chemosphere 2021, 266, 129193. [CrossRef] [PubMed]

https://doi.org/10.1016/j.atmosenv.2010.03.002
https://doi.org/10.1016/j.earscirev.2020.103118
https://doi.org/10.1007/s40572-018-0206-z
https://doi.org/10.1016/j.scitotenv.2020.139694
https://doi.org/10.1016/j.chemosphere.2020.128757
https://doi.org/10.1007/s11356-017-9674-1
https://doi.org/10.1016/j.coesh.2017.10.002
https://doi.org/10.1016/j.envpol.2017.11.043
https://doi.org/10.1016/j.marpolbul.2016.01.006
https://www.ncbi.nlm.nih.gov/pubmed/26787549
https://doi.org/10.1016/j.jhazmat.2021.126007
https://www.ncbi.nlm.nih.gov/pubmed/33992007
https://doi.org/10.1016/j.envint.2019.105314
https://www.ncbi.nlm.nih.gov/pubmed/31756678
https://doi.org/10.1016/j.atmosenv.2021.118512
https://doi.org/10.3155/1047-3289.57.8.981
https://www.ncbi.nlm.nih.gov/pubmed/17824289
https://doi.org/10.1016/j.physrep.2022.12.005
https://doi.org/10.7326/0003-4819-129-4-199808150-00001
https://www.ncbi.nlm.nih.gov/pubmed/9729178
https://doi.org/10.1016/j.scitotenv.2023.163576
https://www.ncbi.nlm.nih.gov/pubmed/37086995
https://doi.org/10.1136/thx.35.9.644
https://doi.org/10.1080/15459624.2021.1976413
https://doi.org/10.1016/j.envpol.2016.12.013
https://www.ncbi.nlm.nih.gov/pubmed/27989388
https://doi.org/10.1016/j.shaw.2018.10.003
https://www.ncbi.nlm.nih.gov/pubmed/31297287
https://doi.org/10.1016/j.watres.2018.03.051
https://www.ncbi.nlm.nih.gov/pubmed/29631188
https://doi.org/10.1016/j.atmosenv.2011.08.032
https://doi.org/10.1021/es200925h
https://www.ncbi.nlm.nih.gov/pubmed/21667945
https://doi.org/10.3390/molecules24224148
https://www.ncbi.nlm.nih.gov/pubmed/31731829
https://doi.org/10.1016/j.envint.2020.105807
https://www.ncbi.nlm.nih.gov/pubmed/32599356
https://doi.org/10.1016/j.chemosphere.2020.128824
https://www.ncbi.nlm.nih.gov/pubmed/33176914
https://doi.org/10.1016/j.chemosphere.2020.129193
https://www.ncbi.nlm.nih.gov/pubmed/33310522


Toxics 2024, 12, 358 10 of 13

43. Sangkham, S. Global Perspective on the Impact of Plastic Waste as a Source of Microplastics and Per- and Polyfluoroalkyl
Substances in the Environment. ACS EST Water 2024, 4, 1–4. [CrossRef]

44. Hartmann, N.B.; Rist, S.; Bodin, J.; Jensen, L.H.; Schmidt, S.N.; Mayer, P.; Meibom, A.; Baun, A. Microplastics as Vectors for
Environmental Contaminants: Exploring Sorption, Desorption, and Transfer to Biota. Integr. Environ. Assess. Manag. 2017, 13,
488–493. [CrossRef] [PubMed]

45. Menéndez-Pedriza, A.; Jaumot, J. Interaction of Environmental Pollutants with Microplastics: A Critical Review of Sorption
Factors, Bioaccumulation and Ecotoxicological Effects. Toxics 2020, 8, 40. [CrossRef] [PubMed]

46. Heinrich, P.; Braunbeck, T. Bioavailability of Microplastic-Bound Pollutants in Vitro: The Role of Adsorbate Lipophilicity and
Surfactants. Comp. Biochem. Physiol. Part C Toxicol. Pharmacol. 2019, 221, 59–67. [CrossRef] [PubMed]

47. Rafa, N.; Ahmed, B.; Zohora, F.; Bakya, J.; Ahmed, S.; Ahmed, S.F.; Mofijur, M.; Chowdhury, A.A.; Almomani, F. Microplastics as
Carriers of Toxic Pollutants: Source, Transport, and Toxicological Effects. Environ. Pollut. 2024, 343, 123190. [CrossRef] [PubMed]

48. Costa, A.; Pinheiro, M.; Magalhães, J.; Ribeiro, R.; Seabra, V.; Reis, S.; Sarmento, B. The Formulation of Nanomedicines for Treating
Tuberculosis. Adv. Drug Deliv. Rev. 2016, 102, 102–115. [CrossRef]

49. Wang, S.; Lu, W.; Cao, Q.; Tu, C.; Zhong, C.; Qiu, L.; Li, S.; Zhang, H.; Lan, M.; Qiu, L.; et al. Microplastics in the Lung Tissues
Associated with Blood Test Index. Toxics 2023, 11, 759. [CrossRef] [PubMed]

50. Chen, C.; Liu, F.; Quan, S.; Chen, L.; Shen, A.; Jiao, A.; Qi, H.; Yu, G. Microplastics in the Bronchoalveolar Lavage Fluid of
Chinese Children: Associations with Age, City Development, and Disease Features. Environ. Sci. Technol. 2023, 57, 12594–12601.
[CrossRef] [PubMed]

51. Bakand, S.; Hayes, A.; Dechsakulthorn, F. Nanoparticles: A Review of Particle Toxicology Following Inhalation Exposure. Inhal.
Toxicol. 2012, 24, 125–135. [CrossRef]
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