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Abstract

Microplastics were initially recognized and investigated primarily as aquatic
contaminants, but they are now known to circulate among atmospheric, terrestrial,
freshwater, and marine environments. Their significance therefore extends beyond
their occurrence in individual environmental compartments. During transport,
particles may undergo fragmentation, ultraviolet weathering, oxidation, contaminant
sorption, and biological colonization, progressively modifying the physicochemical
and biological characteristics of the material eventually encountered by organisms.
This review examines microplastic pollution from a trajectory-aware perspective,
in which environmental trajectory refers to the sequence of environmental
compartments and transformation processes experienced by a particle between
its source and the point of sampling or biological exposure. We propose that
environmental risk should therefore be interpreted not only from polymer identity,
particle size, or sampling compartment, but also from the “state of the particle at
the point of exposure” We synthesize evidence on microplastic sources, inter-
compartment transport, environmental transformation, exposure pathways, and
biological effects, with particular attention to the substantial variability reported
among toxicological studies. Differences in particle properties, weathering history,
associated contaminants, biological colonization, dose, exposure duration, analytical
methods, and organismal characteristics may together explain why apparently
similar studies produce divergent outcomes. This framework also highlights an
important distinction between experimental reproducibility and environmental
representativeness, since pristine commercial particles commonly used in laboratory
studies may differ substantially from environmentally transformed microplastics.
Airborne microplastics, ingestion and inhalation pathways, nanoplastics, and
comparisons with historical particulate pollutants are considered within this
broader context. We argue that future microplastic research should move beyond
documenting where particles occur and increasingly determine how environmental
trajectories shape particle state at exposure and, consequently, biological response.

Keywords: Microplastics; Environmental transport; Airborne microplastics; Toxicology;
Human health

Volume X Issue X (2026)

1 doi: 10.36922/EER026320036


https://doi.org/10.36922/EER026320036
https://orcid.org/0000-0002-7082-9784
https://orcid.org/0000-0002-9990-9681
mailto:cgaylarde@gmail.co
https://doi.org/10.36922/EER026320036
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Explora: Environment
and Resource

Microplastic trajectories and particle state at exposure

1. Introduction

Microplastics were initially investigated mainly as marine
and freshwater contaminants, but they are now recognized
throughout atmospheric, terrestrial, freshwater, marine,
and biological systems. This expanded distribution exposes
a conceptual limitation in treating each environmental
compartment as an isolated endpoint. Because particles
can move repeatedly among air, soil, water, sediment, and
organisms, the compartment in which a particle is detected
represents only one stage of a broader environmental
history. Understanding microplastic exposure therefore
requires a framework that connects movement among
compartments with the transformations undergone before
sampling or biological contact.

Historical experience with other particulate pollutants
provides useful context for this transition in perception.
During the Victorian era, coal-fired industrialization
generated pervasive soot pollution across Britain,
contributing to widespread building discoloration and
respiratory morbidity. The 1952 London smog resulted
in approximately 4,000 deaths within a single week,
illustrating the acute health consequences of severe
particulate pollution®® Despite these effects, however, coal
contributed substantially to industrial development and
improvements in living conditions.** Asbestos followed
a comparable historical trajectory: valued for insulation
and fireproofing?, it was extensively used before the health
consequences of fiber inhalation led to restrictions or bans
in many countries.”"! These examples are not intended to
imply toxicological equivalence between soot, asbestos,
and microplastics. Rather, they illustrate how materials that
provide major societal benefits can later become sources of
persistent particulate contamination whose environmental
and health significance was not fully appreciated during
their early use.

Plastics transformed modern society through their
durability, low cost, versatility, and widespread use across
healthcare, transportation, construction, packaging,
textiles, and other sectors.’? Those same properties also
favor persistence after release. Weathering, abrasion,
fragmentation, and direct release generate particles
that can circulate among environmental compartments
and undergo further physical, chemical, and biological
modification, including changes in size, morphology,
surface chemistry, and interactions with additives,
contaminants, and biological systems.'*¢ The resulting
mobility and transformation are central to understanding
microplastic exposure and risk.

Against this background, we use environmental
trajectory to mean the sequence of environmental
compartments and physical, chemical, and biological

transformation processes experienced by a microplastic
particle between its source and the point at which
it is sampled or encountered by an organism. The
trajectory-aware framework developed here links inter-
compartment transport and particle transformation to
particle state at exposure and biological response, shifting
the emphasis from where particles are detected to how
their prior environmental history may have shaped
the material ultimately encountered by organisms. We
synthesize evidence on sources, distribution, transport,
transformation, exposure pathways, and biological effects,
with particular attention to airborne microplastics,
nanoplastics, and factors contributing to variability
among toxicological studies. By integrating these
components, the review aims to clarify why experimental
reproducibility does not necessarily ensure environmental
representativeness and how trajectory information may
improve the interpretation of environmental and human-
health risk. Historical particulate pollutants are considered
as contextual analogues within this broader framework.

2. From plastic production to environmental
microplastics

The development of synthetic polymers during the 19th
and 20th centuries transformed modern society. Their
durability, low cost, light weight, and adaptability enabled
plastics to replace many natural materials and become
integrated into virtually every sector of human activity.'**
Global production subsequently increased from
approximately 2 million tonnes in 1950 to hundreds of
millions of tonnes annually, and further substantial growth
is projected over coming decades.'>"* This rapid expansion
has created an equally persistent environmental legacy
because many of the characteristics that make plastics
technologically valuable also favor their accumulation and
long-term persistence after disposal.

Plastics have provided substantial societal benefits.
They are essential in healthcare, food preservation,
transportation, construction, water distribution, and
textile production, where they have improved safety,
reduced material and transportation costs, facilitated sterile
medical procedures, and enabled numerous technological
advances.”* The environmental problem associated with
plastics therefore does not arise simply from their use,
but from the scale of production, patterns of disposal,
environmental persistence, and progressive fragmentation
of plastic materials. In this respect, the benefits of plastics
and their environmental consequences are intrinsically
connected: durability is simultaneously one of their most
useful properties and one of the principal reasons for their
persistence in natural systems.
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The environmental significance of plastics is further
complicated by their chemical diversity. Commercial
polymers commonly contain plasticizers, stabilizers,
flame retardants, antioxidants, pigments, biocides, fillers,
and other additives designed to modify their physical or
chemical properties.** Thousands of plastic-associated
chemicals have been identified, including substances
of environmental and toxicological concern.*®*
Consequently, environmental plastic particles cannot
necessarily be regarded as chemically inert polymer
fragments. Their composition, additive content, and
subsequent interactions with surrounding contaminants
may influence their environmental behavior and biological
effects.

Microplastics arise both through the direct release of
intentionally manufactured small particles and through
the progressive fragmentation of larger plastic products.
Weathering processes, including ultraviolet radiation,
thermal stress, mechanical abrasion, oxidation, and
biological activity, progressively alter plastic surfaces
and promote fragmentation.* Important sources include
synthetic textiles, tire wear, packaging, industrial materials,

coatings, urban runoff, wastewater effluents, landfill-
associated releases, and the degradation of discarded
plastic debris. Once released, these particles are no longer
restricted to the compartment in which they originated
(Figure 1).

Once generated, microplastics may move through
runoff, rivers, wastewater, ocean circulation, wind,
atmospheric deposition, sedimentation, and resuspension.
Transport can modify size, morphology, density, surface
chemistry, contaminant load, and biological associations.
Their environmental identity therefore reflects both
polymer origin and the sequence of environments
encountered after release, providing the basis for the
trajectory-aware framework developed below.

3. Microplastics across interconnected
environmental compartments

The term “microplastics” was introduced in 2004 to
describe plastic particles smaller than 5 mm.* They
include primary microplastics, intentionally produced
at microscopic dimensions, and secondary microplastics

Figure 1. Conceptual representation of microplastic sources, transport among atmospheric, terrestrial, and aquatic environments, and transformations
occurring during environmental circulation that may modify particle properties and exposure pathways
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generated through the fragmentation and weathering of
larger plastic materials. Nanoplastics, generally defined as
particles smaller than 1 pm, represent the lower end of this
continuum and present additional analytical and biological
challenges because of their small size.* Environmental
microplastics occur as fibers, fragments, films, spheres,
foams, and other irregular forms, with fibers among the
most frequently reported morphologies.*~*

Early observations of plastic contamination were
predominantly marine*-!, contributing to the historical
perception of microplastics as aquatic pollutants. It is now
evident, however, that microplastics occur throughout
atmospheric, terrestrial, freshwater, marine, cryospheric,
and biological systems.”*® Their occurrence in remote
mountains, polar environments, deep-sea sediments,
and high-altitude lakes demonstrates that proximity
to plastic production or disposal is not required for
contamination.”***¢>%% Rather than representing isolated
reservoirs, these environments form interconnected
components of a broader microplastic cycle (Figure 1).

3.1. Atmospheric environments

The recognition of airborne microplastics substantially
expanded the environmental framework within which

microplastic pollution is understood. Early studies in Paris
demonstrated microplastic deposition from the atmosphere
and subsequently showed that indoor concentrations could
exceed those measured outdoors.”*”! Similar observations
have since been reported in multiple regions and indoor
environments.”””® Synthetic fibers from textiles, tire and
road wear, degradation of plastic materials, industrial
activities, and resuspension of previously deposited
particles all contribute to the atmospheric burden.

Atmospheric transport also provides an efficient
mechanism for redistribution over large spatial scales.
Microplastics can be transported far from their original
sources and have been detected in remote mountainous
regions, polar areas, and other locations with limited
local plastic emissions.>>**62636579-81 Thejr atmospheric
residence and transport depend on particle size, shape,
density, meteorological conditions, and aerodynamic
behavior. Fibers may be particularly relevant because
their morphology influences suspension and deposition
processes*®*’ (Table 1). The atmosphere therefore functions
both as an environmental compartment and as a transport
pathway. Deposition followed by resuspension enables
repeated redistribution between air and terrestrial or
aquatic surfaces, including over long distances.

Table 1. Major sources and pathways contributing to airborne microplastics

Predominant particle Main emission or mobilization .
Source or pathway Environmental relevance Ref.
types process
Fiber shedding during wearing, .
I f
Synthetic textiles Fibers handling, washing, drying, and mportant source of indoor and 46,48,72,73,75,77

degradation of textiles

outdoor airborne fibers

Fragments and

Mechanical abrasion during vehicle

Major urban source with potential

Tire and road wear . . use followed by atmospheric transfer between road surfaces, soil, 52,78
irregular particles . . .
suspension or resuspension runoff, and air
Contributes to higher microplastic
Indoor furnishings and . Abrasion, aging, human activity, and . & P .
X . Fibers and fragments R concentrations frequently reported in 72,73,75-77
plastic materials resuspension of settled dust . .
indoor environments
. Weathering, fragmentation, Provides secondary microplastics
Plastic waste and . . . . .
. Fragments and fibers mechanical abrasion, and wind capable of entering atmospheric 52,78
exposed plastic surfaces e
mobilization transport
Material handling, abrasion, Generates locally elevated
Industrial and urban Fibers, fragments, and . & a1 - ocatycie
A . processing, construction activities, atmospheric inputs in densely 52,78
activities particles . : o
and urban dust resuspension populated and industrialized areas
. . . . Allows repeated exchange between
Resuspension from . Wind and mechanical disturbance of . p 8¢
. Fibers and fragments . . . terrestrial and atmospheric 62,65,78
terrestrial surfaces previously deposited particles
compartments
o Provides a pathway for return
. . X Aerosolization, sea spray, and L X
Aquatic and marine Mainly small - . . of aquatic microplastics to the
re-emission of particles previously 78

surfaces fragments and fibers

present in water

atmosphere and further long-range
transport
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3.2. Terrestrial environments

Terrestrial systems are both recipients and sources of
microplastics. Particles reach soils through atmospheric
deposition, fragmentation of discarded plastic materials,
tire wear, urban runoff, agricultural practices, wastewater-
derived materials, and other anthropogenic inputs.> Once
incorporated into soils, their mobility is influenced by
particle size and density as well as soil texture, aggregation,
water movement, biological activity, and land use.
Importantly, terrestrial deposition does not necessarily
represent a permanent environmental sink. Surface
particles can be transported by wind, while rainfall and
surface runoff can mobilize particles toward drainage
systems, rivers, lakes, and coastal environments. Soil
erosion and mechanical disturbance may further promote
redistribution. Thus, particles that initially enter terrestrial
environments may subsequently become atmospheric or
aquatic contaminants.

Terrestrial systems illustrate why environmental
identity is not fixed: a tire-wear particle may move from
a road surface to freshwater or sediment and later be
resuspended. Its classification therefore depends partly on
when and where it is sampled.

3.3. Aquatic environments

Aquatic environments remain among the best studied
reservoirs of microplastic pollution. Microplastics occur
in freshwater, groundwater, estuarine, coastal, and
marine systems, as well as in sediments and drinking-
water sources.’* Inputs include wastewater effluents,
urban runoff, synthetic textiles, tire wear, road markings,
industrial pellets, marine coatings, discarded plastic
materials, and atmospheric deposition.**¥* Distribution
within aquatic systems is heterogeneous.” Although low-
density polymers may initially remain near the water
surface, aggregation with suspended particles, biological
colonization, incorporation into organic matter, and other
environmental processes can modify their effective density
and favor downward transport. Consequently, sediments
frequently represent important accumulation zones for
microplastics.®*#%! Sedimentation, however, should not
necessarily be interpreted as permanent removal from
environmental circulation. Hydrodynamic disturbance,
biological activity, storms, dredging, and other processes
can remobilize previously deposited particles.

The recent detection of substantial quantities of
nanoplastics in the North Atlantic further illustrates the
potential importance of particle fractions that remain
difficult to quantify wusing conventional analytical
approaches.” Because analytical recovery decreases
with particle size, present estimates of environmental

microplastic abundance may disproportionately represent
larger and more readily detectable particles. Comparisons
among environmental compartments must therefore
account for methodological differences as well as genuine
differences in particle abundance.

3.4. Inter-compartment transport and
transformation

The occurrence of microplastics in air, soil, water,
sediment, and remote environments is often described
separately. However, this compartment-based approach
can obscure an important characteristic of microplastic
pollution: environmental compartments are connected
by continuous particle exchange. Atmospheric deposition
transfers particles to terrestrial and aquatic surfaces;
runoff transfers terrestrial particles to freshwater and
marine systems; sedimentation moves particles from the
water column to benthic environments; and resuspension,
erosion, spray generation, and wind transport may return
previously deposited particles to the water column or
atmosphere (Figure 1).

Transport between compartments is accompanied by
transformation. Ultraviolet (UV) exposure, oxidation,
mechanical abrasion, biological colonization, and
interactions with dissolved or particulate substances can
modify particle size and shape, surface chemistry, density,
sorption behavior, contaminant load, and biological
associations.”””> Consequently, particle state at exposure
may reflect environmental history as well as polymer
identity, size, and source. This distinction matters for
toxicology because particles defined only by polymer type,
size, and concentration may not reproduce the state of
environmentally transformed particles.

4, Biological effects and exposure pathways

Microplastic ~ distribution ~ across  environmental
compartments creates multiple exposure pathways,
including ingestion, inhalation, contact with contaminated
matrices, and food-web transfer. Which pathway
dominates depends on the organism, habitat, particle
properties, and environmental conditions. Biological
response, however, is not determined by exposure pathway
alone; it reflects particle state at exposure together with
associated chemicals and microorganisms, exposure route
and dose, and organismal characteristics. This relationship
provides the bridge between environmental trajectory and
the varijability among studies examined in the Discussion
section.

4.1. Wildlife exposure and ecological effects

Ingestion represents one of the best documented routes of
microplastic exposure in aquatic organisms. Microplastics
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can be taken wup directly from the surrounding
environment or indirectly through contaminated prey,
and transfer between trophic levels has been demonstrated
in aquatic food webs.”** Such transfer, however, should
not be interpreted as evidence that biomagnification
occurs universally, since retention, elimination, particle
size, feeding strategy, and organism physiology may
substantially influence particle burdens. Biological effects
reported following ingestion include reduced feeding
efficiency, impaired nutrient assimilation, altered energy
allocation, gastrointestinal damage, changes in growth
and reproduction, oxidative stress, immune responses,
and behavioral alterations.’®!®-% Microplastics have also
been detected in terrestrial wildlife, domestic animals,
and predatory birds, demonstrating that exposure is not
restricted to aquatic food webs.'-!2

The mechanisms underlying the effects of microplastics
are diverse. Larger particles may exert physical effects
within digestive systems, while smaller microplastics
and nanoplastics may interact more extensively with
biological barriers and tissues. Particle exposure has been
associated with oxidative stress, inflammation, endocrine-
related effects, immune modulation, and neurobehavioral
responses in experimental systems.!?-10210>113-119 However,
the occurrence and magnitude of these effects vary
substantially among studies, reflecting differences in
particle characteristics, dose, exposure duration, organism,
and experimental design.

Microplastics may also influence biological systems
through their chemical composition and interactions
with other contaminants. Plastic additives can be released
from polymer matrices, while environmental particles
can sorb hydrocarbons, persistent organic pollutants,
metals, and other chemicals.'®'* Desorption may
subsequently occur under changing environmental or
gastrointestinal conditions.'”'** The resulting biological
response may therefore derive from the particle itself,
polymer-associated chemicals, environmentally acquired
contaminants, or combinations of these factors. The
relative contribution of microplastics as vectors of chemical
exposure remains context-dependent and should not be
assumed to be equivalent for all polymers, contaminants,
or environmental conditions.'?*'*

Biological colonization introduces another level of
complexity. Environmental microplastics commonly
acquire microbial biofilms, and interactions between
particle-associated microorganisms and host organisms
may influence immune responses and host-microbe
interactions.”>'* Thus, environmentally aged particles
can differ substantially from pristine particles not only in
surface chemistry but also in their biological associations.

4.2. Human exposure and potential health effects

Human exposure occurs principally through ingestion and
inhalation. Microplastics have been reported in drinking
water and food-associated pathways, while contamination
of fish and other edible organisms provides an additional
route of dietary exposure.’®**'!2” The presence of
microplastics in food or drinking water demonstrates
exposure potential, but does not by itself establish a
corresponding health effect; dose, particle characteristics,
retention, translocation, and biological persistence remain
critical considerations.

Inhalation  has  gained  particular attention
following the recognition that indoor and outdoor
air contain microplastic particles and fibers.”*”®
Microplastics have been isolated from human lower
airways and bronchoalveolar lavage fluid'?*'¥, providing
direct evidence that inhaled environmental particles can
reach the respiratory system. Indoor environments may be
especially relevant because synthetic textiles, furnishings,
household materials, and human activity continuously
generate and resuspend fibers and fragments’>737>7
Evidence of deposition in the human respiratory tract
should nevertheless be distinguished from evidence of
disease causation. Experimental and mechanistic studies
indicate that micro- and nanoplastic exposure can
induce inflammatory responses, epithelial dysfunction,
oxidative stress, and immune activation under certain
conditions.!**117118130-132 However, unlike asbestos and
combustion-derived particulate pollution, for which
causal relationships with specific human diseases are
well established, current evidence does not yet permit
comparable conclusions for environmentally realistic
microplastic exposure. This distinction is particularly
important when historical comparisons among particulate
pollutants are made.

4.3. Nanoplastic exposure and tissue-level
interactions

Particle size is likely to be a major determinant of biological
interaction. Nanoplastics occupy a different biological scale
from larger microplastics and may cross biological barriers
and interact with cells and intracellular structures more
readily. Their small dimensions also increase surface area
relative to mass and may alter sorption, chemical reactivity,
and biological availability. Recent evidence suggesting
large environmental reservoirs of nanoplastics emphasizes
the potential importance of this poorly quantified particle
fraction.”

Experimental  research has raised concerns
regarding inflammatory, cardiovascular, neurological,
endocrine, and immune-related effects of micro-
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and nanoplastics. 37113 114116-118,133,134 Nevertheless,
extrapolation from experimental systems to
environmental human exposure remains difficult. Many
studies employ specific polymers, relatively uniform
particles, or exposure concentrations that do not necessarily
reproduce the complexity of environmentally transformed
particles or realistic long-term exposure scenarios.

5. Discussion: Why do microplastic effects
differ across studies?

Apparently inconsistent findings on microplastic
behavior, contaminant sorption, and biological effects do
not necessarily represent contradictory evidence. They
may instead reflect the heterogeneity of microplastics as
particulate contaminants and the changes they undergo
during environmental transport and exposure.'”> The
Discussion section therefore focuses on the variables most
directly relevant to the trajectory-aware framework.

5.1. Particle heterogeneity and environmental
transformation

Microplastics differ in polymer composition, size, shape,
density, surface area, additive content, and degree of
degradation, all of which can influence transport, uptake,
chemical interactions, and toxicity.*>'">'* Particle size
and morphology are especially important because they
affect aerodynamic behavior, retention, surface area,
and interaction with biological barriers. Studies using
nominally different particle types therefore cannot be
expected to produce equivalent biological responses.

Environmental history adds further heterogeneity.
Weathering can alter surface roughness, chemical
functionality, density, fragmentation behavior, and
interactions with chemicals and organisms; different aging
strategies have produced distinct surface characteristics
and adsorption behaviors in otherwise comparable
microplastics.”* Sorption and leaching are likewise
context-dependent, varying with polymer characteristics,
particle aging, contaminant chemistry, environmental
conditions, and exposure time.'*'2 Desorption can
occur under gastrointestinal conditions'*'#, but sorption
alone does not establish biologically meaningful transfer.
Together, these processes help explain why particles with
similar nominal polymer and size may behave differently
at exposure.

5.2. Experimental representativeness and study
comparability

Pristine commercial particles provide experimental control
but may not represent the state of particles encountered
in natural environments. Weathering can modify surface

chemistry and morphology*, environmental contaminants
can become associated with particle surfaces?"'#, and
microbial colonization can generate biological interfaces.'*
Mechanistic results obtained with standardized particles
should therefore not automatically be generalized to
environmentally transformed particles.

Study outcomes also depend on dose, exposure duration,
biological context, and analytical design. Concentrations
and exposure periods vary widely, and acute high-dose
responses cannot necessarily be extrapolated to chronic
lower-dose exposure. Organismal traits influence uptake,
retention, and elimination, contributing to differences in
responses such as oxidative stress, inflammation, endocrine
effects, immune modulation, and neurobehavioral
eﬂects.lol,lUZ,IOS,l137119

Methodological  differences  further  complicate
comparison. Sampling, filtration, digestion, particle
identification, contamination control, detection limits, and
reporting units vary substantially among studies, while the
smallest microplastics and nanoplastics remain especially
difficult to quantify reliably.’** These differences can make
measured concentrations and apparent effects partly
method-dependent rather than directly comparable.

5.3.Trajectory-aware risk interpretation

Taken together, these factors suggest that the environmental
significance of microplastics cannot be determined solely
from polymer identity or measured particle concentration.
Risk emerges from an interaction among intrinsic particle
characteristics, environmental transformations, exposure
pathway, dose, and biological context. As summarized in
Figure 2, source and environmental trajectory influence
particle transformation and state at exposure, which
interact with exposure pathway and biological context
to shape response. The compartment in which a particle
is sampled is therefore a snapshot rather than necessarily
its origin, and particle state at exposure should be treated
as an interpretive variable alongside polymer, size,
concentration, and dose.

6. Knowledge gaps and future research
priorities
Future work should address four interrelated scientific

questions that directly determine how environmental
trajectory shapes particle state and risk interpretation.

6.1. How can environmental trajectories and particle
transformations be quantified?

Quantitative transfer rates among environmental
compartments remain poorly constrained. Future studies
should measure fluxes associated with atmospheric
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Figure 2. Conceptual framework linking microplastic source, environmental trajectory, particle transformation, state at exposure, exposure pathway, and
biological response. The scheme emphasizes that biological effects may depend not only on intrinsic particle characteristics, but also on the environmental

transformations experienced before exposure.

deposition, runoff, sedimentation, resuspension, erosion,
and aerosolization, while also determining how these
transport histories modify particle size, morphology,
surface chemistry, density, sorption behavior, additive
release, and biological associations under realistic
conditions.”* Linking fluxes to transformation would allow
environmental trajectory to be evaluated as a process
rather than inferred from occurrence alone.

6.2. How can environmental realism and study
comparability be improved?

Trajectory-aware  assessment requires comparable
analytical and experimental approaches. Sampling,
identification, detection limits, contamination control,
and reporting should be harmonized, particularly for
small microplastics and nanoplastics.'”® Toxicological
studies should also compare pristine and environmentally
transformed particles and use exposure conditions that
better reflect environmental scenarios.'***

Studies should report the particle characteristics most
relevant to state at exposure, including size distribution,
morphology, polymer composition, weathering state,
surface chemistry, associated contaminants, biological
colonization, and sampling context. Where environmental
history cannot be reconstructed, pristine experimental
particles should be clearly distinguished from particles
recovered from environmental matrices.

6.3. What remains unknown about nanoplastics and
human exposure?

Nanoplastics remain a priority because their small size
increases both analytical difficulty and potential biological
interaction, while evidence of substantial marine reservoirs

suggests that conventional monitoring may underestimate
this fraction.®® For human exposure, research should
establish realistic inhalation and ingestion ranges and
relate external exposure to internal burden, persistence,
tissue distribution, and biological response; this is
particularly important given the detection of particles in
the respiratory system.'?*'?

6.4 How can airborne microplastics be incorporated
into regulatory frameworks?

Airborne microplastics present a regulatory challenge
because they comprise heterogeneous polymers, fibers,
fragments, and particle states that cannot necessarily
be represented by conventional particulate-matter mass
metrics alone.”® Particle number, size distribution,
morphology, polymer composition, surface chemistry, and
environmental transformation may all influence exposure
relevance.

Broader international and national policy initiatives
have similarly focused on product restrictions, waste
reduction, and source control, while the incorporation
of human-health evidence remains uneven.'*'*! Current
measures primarily control sources rather than airborne
exposure. In the European Union, Commission Regulation
(EU) 2023/2055 restricts intentionally added synthetic
polymer microparticles, while Regulation (EU) 2025/2365
addresses plastic pellet losses.!>!*> These measures may
reduce emissions indirectly but do not establish specific
ambient-air exposure limits for microplastics.

The absence of standardized sampling, identification,
and exposure metrics remains a major barrier to health-
based limits. In the short term, source reduction is
therefore likely to be more practical than defining ambient-
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air thresholds; longer-term regulation will depend on
methods that connect atmospheric measurements to
particle characteristics relevant to exposure and biological
response.

Removal technologies, including advanced adsorption
and separation approaches'**'**, may complement source
reduction, although scalability, cost, sorbent recovery, and
environmental safety remain important constraints.'#

7. Conclusions

Microplastics are not confined to aquatic systems but
circulate among atmospheric, terrestrial, freshwater,
marine, sedimentary, and biological compartments. Along
these trajectories, transformation can alter the properties
presented to organisms. The resulting state at exposure
therefore provides a useful link between environmental
history and variability in biological effects, while also
highlighting the limits of extrapolating from pristine,
standardized particles.

Future assessment should integrate transport, particle
state, exposure pathway, and biological context rather
than treating occurrence in individual compartments
as the endpoint. This trajectory-aware view captures
why microplastics are more than water contaminants
and provides a more environmentally realistic basis for
ecological and human-health risk interpretation.

Acknowledgments

EMdaF gratefully acknowledges Prof. Juan Nogales for his
academic support and for fostering an inspiring research
environment during his sabbatical period in Spain, which
contributed to the development of the ideas presented
in this work. EMdaF also acknowledges the Brazilian
Ministry of Education (MEC) and the Department of
Geology and Geophysics, Fluminense Federal University
(UFF), for supporting his sabbatical leave.

Funding

None.

Conflict of interest

The authors declare no conflicts of interest.

Author contributions

Conceptualization: Christine Gaylarde, Estefan Monteiro
da Fonseca

Visualization: Estefan Monteiro da Fonseca, Christine
Gaylarde

Writing-original ~ draft: Christine Gaylarde, Estefan
Monteiro da Fonseca

Writing-review ¢ editing: Christine Gaylarde, Estefan
Monteiro da Fonseca, Guy Gaylarde, Katherine Gaylarde

Ethics approval and consent to participate

Not applicable.

Consent for publication
Not applicable.

Availability of data
Not applicable.

References

1. Laskin D. The Great London Smog. Weatherwise.
2006;59(6):42-45.

doi: 10.3200/wewi.59.6.42-45

2. Donaldson K, Tran L, Jimenez LA, et al. Combustion-
derived nanoparticles: A review of their toxicology following
inhalation exposure. Part Fibre Toxicol. 2005;2(1).

doi: 10.1186/1743-8977-2-10

3. Kirrane EE Luben TJ, Benson A, et al. A systematic review
of cardiovascular responses associated with ambient
black carbon and fine particulate matter. Environ Int.
2019;127:305-316.

doi: 10.1016/j.envint.2019.02.027

4. Hogan B. The life saving potential of coal. Inst Public Aff Rev.
2015;67:34-37. Accessed September 8, 2026. https://search.
informit.org/doi/10.3316/informit.546322847706155

5.  Williams G. Social and economic costs and benefits of coal.
In: The Coal Handbook. Cambridge, MA, USA: Woodhead
Publishing; 2023:3-29.

doi: 10.1016/b978-0-12-824327-5.00014-4

6. Levin L. Properties and Uses of Asbestos. In: Asbestos: The
Hazardous Fiber. Boca Raton, FL, USA: CRC Press; 2018:27-
43.

doi: 10.1201/9781351069922-3

7. Curado, A.; Nunes, L.J.R.; Carvalho, A.; Abrantes, J.; Lima,
E.; Tomé, M. The use of asbestos and its consequences: An
assessment of environmental impacts and public health
risks. Fibers. 2024, 12, 102.

doi: 10.3390/fib12120102

8. Durczak K, Pyzalski M, Brylewski T, et al. Modern Methods
of Asbestos Waste Management as Innovative Solutions
for Recycling and Sustainable Cement Production.
Sustainability. 2024;16(20):8798.

doi: 10.3390/5u16208798

LaDou J, Castleman B, Frank A, et al. The Case for a Global
Ban on Asbestos. Environ Health Perspect. 2010;118(7):897-

Volume X Issue X (2026)

doi: 10.36922/EER026320036


https://doi.org/10.36922/EER026320036
https://doi.org/10.3200/wewi.59.6.42-45
https://doi.org/10.3200/wewi.59.6.42-45
https://doi.org/10.1186/1743-8977-2-10
https://doi.org/10.1186/1743-8977-2-10
https://doi.org/10.1016/j.envint.2019.02.027
https://doi.org/10.1016/j.envint.2019.02.027
https://search.informit.org/doi/10.3316/informit.546322847706155
https://search.informit.org/doi/10.3316/informit.546322847706155
https://doi.org/10.1016/b978-0-12-824327-5.00014-4
https://doi.org/10.1016/b978-0-12-824327-5.00014-4
https://doi.org/10.1201/9781351069922-3
https://doi.org/10.1201/9781351069922-3
https://doi.org/10.3390/fib12120102
https://doi.org/10.3390/fib12120102
https://doi.org/10.3390/su16208798
https://doi.org/10.3390/su16208798

Explora: Environment
and Resource

Microplastic trajectories and particle state at exposure

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

901.
doi: 10.1289/ehp.1002285

Aryal A, Huang Q, Chen T, Meng X, Chhetri TB. Still killing
millions by asbestos: global leadership and the urgent
roadmap for actions. J Public Health Pol. 2026;47(2):170-
181.

doi: 10.1057/541271-026-00632-x

Pira E, Donato E, Maida L, Discalzi G. Exposure to asbestos:
past, presentand future. ] Thorac Dis. 2018;10(S2):5237-S245.

doi: 10.21037/jtd.2017.10.126

Dennis L. A brief history of the use of plastics. Camb prisms
Plast. 2024;2.

doi: 10.1017/plc.2024.17

Ketchum BH, Ferry JD, Burns AE. Action of Antifouling
Paints. Ind Eng Chem. 1946;38(9):931-936.

doi: 10.1021/ie50441a020

Wright SL, Kelly FJ. Plastic and Human Health: A Micro
Issue? Environ Sci Technol. 2017;51(12):6634-6647.

doi: 10.1021/acs.est.7b00423

Geyer R, Jambeck JR, Law KL. Production, use, and fate of
all plastics ever made. Sci Adv. 2017;3(7).

doi: 10.1126/sciadv.1700782

Albazoni HJ, Al-Haidarey MJS, Nasir AS. A Review of
Microplastic Pollution: Harmful Effect on Environment and
Animals, Remediation Strategies. ] Ecol Eng. 2024;25(2):140-
157.

doi: 10.12911/22998993/176802

Andrady AL, Neal MA. Applications and societal benefits of
plastics. Phil Trans R Soc B. 2009;364(1526):1977-1984.

doi: 10.1098/rstb.2008.0304

Weber M, Deussing G. Courageous Questioning of
Established Thinking: The Life and Work of Hermann
Staudinger. In: Advances in Polymer Science. Cham: Springer
International Publishing; 2013:81-138.

doi: 10.1007/12_2013_249

United Nations Environment Programme (UNEP). Plastic
Pollution. Accessed July 21, 2026. https://www.unep.org/
topics/chemicals-and-pollution-action/plastic-pollution

Chu X, Zheng B, Li Z, et al. Occurrence and distribution
of microplastics in water supply systems: In water and pipe
scales. Sci Total Environ. 2022;803:150004.

doi: 10.1016/j.scitotenv.2021.150004

Siracusa V. Packaging Material in the Food Industry. In:
Antimicrobial Food Packaging. Amsterdam, Netherlands:
Elsevier; 2025:111-126.

doi: 10.1016/b978-0-323-90747-7.00008-9

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Dolci G, Puricelli S, Cecere G, et al. How does plastic
compare with alternative materials in the packaging sector?
A systematic review of LCA studies. Waste Manag Res.
2024;43(3):339-357.

doi: 10.1177/0734242x241241606

Pradeep SA, Deshpande AM, Limaye M, et al. A Perspective
on the Evolution of Plastics and Composites in the
Automotive Industry. In: Applied Plastics Engineering
Handbook. Amsterdam, Netherlands: Elsevier; 2024:705-
748.

doi: 10.1016/b978-0-323-88667-3.00016-3

Romeo J. Do no harm: Plastics are playing a major role in
giving healthcare professionals the tools and capabilities
they need to battle the COVID pandemic. Plast Eng.
2020;76(5):41-44.

doi: 10.1002/peng.20312

Mozafari M, Chauhan NPS, eds. Handbook of Polymers in
Medicine. Cambridge, UK: Woodhead Publishing; 2023.

Pathak G. “The Statistical View Is Not the Moral View”:
Disposable Medical Plastics as Toxic Infrastructure. Am
Anthropol. 2025;127(3):476-486.

doi: 10.1111/aman.28083

Moshkbid E, Cree DE, Bradford L, Zhang W. Biodegradable
Alternatives to Plastic in Medical Equipment: Current State,
Challenges, and the Future. ] Compos Sci. 2024;8(9):342.

doi: 10.3390/jcs8090342

Precedence Research. Medical Plastics Market Size, Key
Companies, Company Market Share, Patient Volume,
Treatment Adoption Rates, Pricing Analysis, Regulatory
Landscape, Competitive Positioning, and Demand Forecast.
Accessed July 21, 2026. https://www.precedenceresearch.
com/medical-plastics-market

Rizan C, Mortimer F, Stancliffe R, Bhutta MFE Plastics
in healthcare: time for a re-evaluation. /] R Soc Med.
2020;113(2):49-53.

doi: 10.1177/0141076819890554

Tamogaitiené J, Parham S, Sarvari H, Chan DWM,
Edwards DJ. A Review of the Application of Synthetic and
Natural Polymers as Construction and Building Materials

for Achieving Sustainable Construction. Buildings.
2024;14(8):2569.

doi: 10.3390/buildings14082569

Andrady AL. Plastics and Environmental Sustainability.
Hoboken, NJ, USA: John Wiley & Sons; 2015.

Lamba P, Kaur DP, Raj S, Sorout J. Recycling/reuse of plastic
waste as construction material for sustainable development:
a review. Environ Sci Pollut Res. 2021;29(57):86156-86179.

doi: 10.1007/s11356-021-16980-y

Volume X Issue X (2026)

doi: 10.36922/EER026320036


https://doi.org/10.36922/EER026320036
https://doi.org/10.1289/ehp.1002285
https://doi.org/10.1289/ehp.1002285
https://doi.org/10.1057/s41271-026-00632-x
https://doi.org/10.1057/s41271-026-00632-x
https://doi.org/10.21037/jtd.2017.10.126
https://doi.org/10.21037/jtd.2017.10.126
https://doi.org/10.1017/plc.2024.17
https://doi.org/10.1017/plc.2024.17
https://doi.org/10.1021/ie50441a020
https://doi.org/10.1021/ie50441a020
https://doi.org/10.1021/acs.est.7b00423
https://doi.org/10.1021/acs.est.7b00423
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.12911/22998993/176802
https://doi.org/10.12911/22998993/176802
https://doi.org/10.1098/rstb.2008.0304
https://doi.org/10.1098/rstb.2008.0304
https://doi.org/10.1007/12_2013_249
https://doi.org/10.1007/12_2013_249
https://www.unep.org/topics/chemicals-and-pollution-action/plastic-pollution
https://www.unep.org/topics/chemicals-and-pollution-action/plastic-pollution
https://doi.org/10.1016/j.scitotenv.2021.150004
https://doi.org/10.1016/j.scitotenv.2021.150004
h﻿﻿ttps://doi.org/10.1016/b978-0-323-90747-7.00008-9
h﻿﻿ttps://doi.org/10.1016/b978-0-323-90747-7.00008-9
https://doi.org/10.1177/0734242x241241606
https://doi.org/10.1177/0734242x241241606
https://doi.org/10.1016/b978-0-323-88667-3.00016-3
https://doi.org/10.1016/b978-0-323-88667-3.00016-3
https://doi.org/10.1002/peng.20312
https://doi.org/10.1002/peng.20312
https://doi.org/10.1111/aman.28083
https://doi.org/10.1111/aman.28083
https://doi.org/10.3390/jcs8090342
https://doi.org/10.3390/jcs8090342
https://www.precedenceresearch.com/medical-plastics-market
https://www.precedenceresearch.com/medical-plastics-market
https://doi.org/10.1177/0141076819890554
https://doi.org/10.1177/0141076819890554
https://doi.org/10.3390/buildings14082569
https://doi.org/10.3390/buildings14082569
https://doi.org/10.1007/s11356-021-16980-y
https://doi.org/10.1007/s11356-021-16980-y

Explora: Environment
and Resource

Microplastic trajectories and particle state at exposure

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Hamada HM, Al-Attar A, Abed E et al. Enhancing
sustainability in concrete construction: A comprehensive
review of plastic waste as an aggregate material. Sustain
Mater Technol. 2024;40:e00877.

doi: 10.1016/j.susmat.2024.e00877

Minde P, Kulkarni M, Patil ], Shelake A. Comprehensive
review on the use of plastic waste in sustainable concrete
construction. Discov Mater. 2024;4(1).

doi: 10.1007/543939-024-00126-1

Nayak R, Jajpura L, Khandual A. Traditional fibres for
fashion and textiles: Associated problems and future
sustainable fibres. In: Sustainable Fibres for Fashion and
Textile Manufacturing. Amsterdam, Netherlands: Elsevier;
2023:3-25.

doi: 10.1016/b978-0-12-824052-6.00013-5

Pritchard G. Plastics Additives: An A-Z Reference.
Heidelberg, Germany: Springer Science & Business Media;
2012.

doi: 10.1007/978-94-011-5862-6

Stevens S, McPartland M, Bartosova Z, Skiland HS, Volker
J, Wagner M. Plastic Food Packaging from Five Countries
Contains  Endocrine- and  Metabolism-Disrupting
Chemicals. Environ Sci Technol. 2024;58(11):4859-4871.

doi: 10.1021/acs.est.3c08250

Moncluas L, Arp HPH, Groh KJ, et al. Mapping the chemical
complexity of plastics. Nature. 2025;643(8071):349-355.

doi: 10.1038/s41586-025-09184-8

Sendra M, Moreno-Garrido I, Blasco J. Single and
multispecies microalgae toxicological tests assessing the
impact of several BPA analogues used by industry. Environ
Pollut. 2023;333:122073.

doi: 10.1016/j.envpol.2023.122073

Sladi¢ M, Smrkolj S, Kaviek G, Imamovic-Kumalic S,
Verdenik I, Virant-Klun I. Bisphenol A in the Urine:
Association with Urinary Creatinine, Impaired Kidney
Function, Use of Plastic Food and Beverage Storage Products
but Not with Serum Anti-Miillerian Hormone in Ovarian
Malignancies. IJMS. 2025;26(10):4811.

doi: 10.3390/ijms26104811

Costa JP da, Avellan A, Mouneyrac C, Duarte A, Rocha-
Santos T. Plastic additives and microplastics as emerging
contaminants: Mechanisms and analytical assessment. TrAC
Trends Anal Chem. 2023;158:116898.

doi: 10.1016/j.trac.2022.116898

Rochman CM, Brookson C, Bikker J, et al. Rethinking
microplastics as a diverse contaminant suite. Environ Toxicol
Chem. 2019;38(4):703-711.

doi: 10.1002/etc.4371

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Apicella A, Malafeev KV, Scarfato P, Incarnato L. Generation
of Microplastics from Biodegradable Packaging Films Based
on PLA, PBS and Their Blend in Freshwater and Seawater.
Polymers. 2024;16(16):2268.

doi: 10.3390/polym16162268

Thompson RC, Olsen Y, Mitchell RP, et al. Lost at Sea: Where
Is All the Plastic? Science. 2004;304(5672):838-838.

doi: 10.1126/science.1094559.

Gigault ], Halle A ter, Baudrimont M, et al. Current opinion:
What is a nanoplastic? Environ Pollut. 2018;235:1030-1034.

doi: 10.1016/j.envpol.2018.01.024

Yao Y, Glamoclija M, Murphy A, Gao Y. Characterization
of microplastics in indoor and ambient air in northern New
Jersey. Environ. Res. 2022;207:112142.

doi: 10.1016/j.envres.2021.112142

Huang Y, He T, Yan M, et al. Atmospheric transport
and deposition of microplastics in a subtropical urban
environment. ] Hazard Mater. 2021;416:126168.

doi: 10.1016/j.jhazmat.2021.126168

Carr SA. Sources and dispersive modes of micro-fibers in the
environment. Integr Environ Assess Manag. 2017;13(3):466-
469.

doi: 10.1002/ieam.1916

Heyerdahl T. Atlantic ocean pollution and biota observed by
the ‘Ra’ expeditions. Biol Conserv. 1971;3(3):164-168.

doi: 10.1016/0006-3207(71)90158-3

Carpenter EJ, Smith KL Jr. Plastics on the Sargasso Sea
Surface. Science. 1972;175(4027):1240-1241.

doi: 10.1126/science.175.4027.1240

Benton T. Oceans of garbage. Nature. 1991;352(6331):113-
113.

doi: 10.1038/352113a0

Kumar A, Yu ZG, Thakur TK. Microplastic pollutants in
terrestrial and aquatic environment. Environ Sci Pollut Res.
2023;30(49):107296-107299.

doi: 10.1007/s11356-023-29210-4

Gerigny O, Ourgaud M, Papillon L, et al. Marine litter,
microplastic pollution and organic additives assessments
in polar areas through an opportunistic cruise ship-based
approach. Mar Pollut Bull. 2026;225:119216.

doi: 10.1016/j.marpolbul.2026.119216

Ramos MA, Capparelli MV, Celi ], et al. Microplastic
Contamination in High-Altitude Andean Lakes: Sources,
Distribution, and Environmental Implications. Water Air
Soil Pollut. 2025;237(3).

doi: 10.1007/s11270-025-08851-w

Volume X Issue X (2026)

doi: 10.36922/EER026320036


https://doi.org/10.36922/EER026320036
https://doi.org/10.1016/j.susmat.2024.e00877
https://doi.org/10.1016/j.susmat.2024.e00877
https://doi.org/10.1007/s43939-024-00126-1
https://doi.org/10.1007/s43939-024-00126-1
https://doi.org/10.1016/b978-0-12-824052-6.00013-5
https://doi.org/10.1016/b978-0-12-824052-6.00013-5
https://doi.org/10.1007/978-94-011-5862-6
https://doi.org/10.1007/978-94-011-5862-6
https://doi.org/10.1021/acs.est.3c08250
https://doi.org/10.1021/acs.est.3c08250
https://doi.org/10.1038/s41586-025-09184-8
https://doi.org/10.1038/s41586-025-09184-8
https://doi.org/10.1016/j.envpol.2023.122073
https://doi.org/10.1016/j.envpol.2023.122073
https://doi.org/10.3390/ijms26104811
https://doi.org/10.3390/ijms26104811
https://doi.org/10.1016/j.trac.2022.116898
https://doi.org/10.1016/j.trac.2022.116898
https://doi.org/10.1002/etc.4371
https://doi.org/10.1002/etc.4371
https://doi.org/10.3390/polym16162268
https://doi.org/10.3390/polym16162268
https://doi.org/10.1126/science.1094559
https://doi.org/10.1126/science.1094559
https://doi.org/10.1016/j.envpol.2018.01.024
https://doi.org/10.1016/j.envpol.2018.01.024
https://doi.org/10.1016/j.envres.2021.112142
https://doi.org/10.1016/j.envres.2021.112142
https://doi.org/10.1016/j.jhazmat.2021.126168
https://doi.org/10.1016/j.jhazmat.2021.126168
https://doi.org/10.1002/ieam.1916
https://doi.org/10.1002/ieam.1916
https://doi.org/10.1016/0006-3207(71)90158-3
https://doi.org/10.1016/0006-3207(71)90158-3
https://doi.org/10.1126/science.175.4027.1240
https://doi.org/10.1126/science.175.4027.1240
https://doi.org/10.1038/352113a0
https://doi.org/10.1038/352113a0
https://doi.org/10.1007/s11356-023-29210-4
https://doi.org/10.1007/s11356-023-29210-4
https://doi.org/10.1016/j.marpolbul.2026.119216
https://doi.org/10.1016/j.marpolbul.2026.119216
https://doi.org/10.1007/s11270-025-08851-w
https://doi.org/10.1007/s11270-025-08851-w

Explora: Environment
and Resource

Microplastic trajectories and particle state at exposure

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Ten Hietbrink S, Materi¢ D, Holzinger R, Groeskamp S,
Niemann H. Nanoplastic concentrations across the North
Atlantic. Nature. 2025;643(8071):412-416.

doi: 10.1038/s41586-025-09218-1

Bayattork M, Rahman M, Hossain MI, et al. Impact of
Textile-Derived Micro- and Nanoplastics on Brain Health:
An Emerging Environmental Risk. Environ Sci Technol.
2026;60(4):2863-2895.

doi: 10.1021/acs.est.5¢10338

LiY, Wang Y, Liang X, Xu M, Leong DT, Ke PC. Nanoplastics
and Neurodegeneration: A Roadmap From Mechanism to
Causation. Adv Sci. 2026;13(27).

doi: 10.1002/advs.75151

Kibria G, Nugegoda D, Haroon AKY. Microplastic Pollution
and Contamination of Seafood (Including Fish, Sharks,
Mussels, Opysters, Shrimps and Seaweeds): A Global
Overview. In: Emerging Contaminants and Associated
Treatment Technologies. Cham: Springer International
Publishing; 2022:277-322.

doi: 10.1007/978-3-030-89220-3_14

Schwabl P, Koppel S, Konigshofer P, et al. Detection of
Various Microplastics in Human Stool. Ann Intern Med.
2019;171(7):453-457.

doi: 10.7326/m19-0618

Yang B, Han Y, Hu S, Xie X, Zhu X, Yuan L. Polystyrene
microplastics induce depression-like behavior in zebrafish
via neuroinflammation and circadian rhythm disruption.
Sci Total Environ. 2025;959:178085.

doi: 10.1016/j.scitotenv.2024.178085

Gaylarde CC, da Fonseca EM. Microplastics in Museums:
Pollution and Paleoecology. TEIEE. 2025:1-11.

doi: 10.62622/teiee.025.3.2.01-11

Wei Y, Yu Y, Cao X, et al. Remote Mountainous Area
Inevitably Becomes Temporal Sink for Microplastics Driven
by Atmospheric Transport. Environ Sci Technol. 2024.

doi: 10.1021/acs.est.4c00296

Corami F, Iannilli V, Hallanger IG. Editorial: Microplastics
and nanoplastics in polar areas: Arctic, Antarctica, and the
world’s glaciers. Front Mar Sci. 2025;12.

doi: 10.3389/fmars.2025.1587557

Tanaka S, Yukioka S, Li W, et al. Towards a North Pacific
Ocean Long-term Monitoring Program for Plastic Pollution:
a Review of Global Occurrence of Microplastics in the Sea
and Deep-sea Sediments. ] Wat Envir Tech. 2024;22(5):205-
219.

doi: 10.2965/jwet.23-137

Evangeliou N, Grythe H, Klimont Z, et al. Atmospheric
transport is a major pathway of microplastics to remote

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

regions. Nat Commun. 2020;11(1).
doi: 10.1038/s41467-020-17201-9

Gaylarde CC, Baptista Neto JA, da Fonseca EM. Microplastics
in the cryosphere - a potential time bomb? Water Emerg
Contam Nanoplastics. 2023;2(4).

doi: 10.20517/wecn.2023.27

Bocherikova I, Gorbachev A, Chubarenko I. Vertical
re-distribution of microplastics particles in sea ice due to
cooling/warming cycles: A laboratory experiment. Mar
Pollut Bull. 2026;224:119136.

doi: 10.1016/j.marpolbul.2025.119136

Flores-Ocampo IZ, Armstrong-Altrin JS, Pérez-Alvarado
BY. Characteristics, distribution, and source of microfibers
in deep-sea sediments from the Gulf of Mexico, Mexico.
Phys Chem Earth Parts A/B/C. 2026;143:104358.

doi: 10.1016/j.pce.2026.104358

Gholizadeh M, Bagheri T. Assessment of microplastic
contamination in rainbow trout (Oncorhynchus mykiss)
and surface water of a high-altitude aquaculture system
in the Chehel Chai River, Iran. Environ Sci Pollut Res.
2026;33(10):4503-4515.

doi: 10.1007/s11356-026-37542-0

Dris R, Gasperi ], Rocher V, Saad M, Renault N, Tassin B.
Microplastic contamination in an urban area: a case study in
Greater Paris. Environ Chem. 2015;12(5):592-599.

doi: 10.1071/en14167

Gasperi J, Dris R, Mirande-Bret C, Mandin C, Langlois
V, Tassin B. First overview of microplastics in indoor
and outdoor air. In: Proceedings of the 15th EuCheMS
International Conference on Chemistry and the
Environment. Leipzig, Germany; 2015.

Niari MH, Ghobadi H, Amani M, et al. Characteristics
and assessment of exposure to microplastics through
inhalation in indoor air of hospitals. Air Qual Atmos Health.
2024;18(1):253-262.

doi: 10.1007/s11869-024-01640-0

Yakovenko N, Pérez-Serrano L, Segur T, et al. Human
exposure to PM10 microplastics in indoor air. PLoS ONE.
2025;20(7):e0328011.

doi: 10.1371/journal.pone.0328011

Ageel HK, Harrad S, Abdallah MAE. Occurrence,
human exposure, and risk of microplastics in the indoor
environment. Environ Sci Processes Impacts. 2022;24(1):17-
31.

doi: 10.1039/d1em00301a

Eberhard T, Casillas G, Zarus GM, Barr DB. Systematic
review of microplastics and nanoplastics in indoor and
outdoor air: identifying a framework and data needs for
quantifying human inhalation exposures. ] Expo Sci Environ

Volume X Issue X (2026)

doi: 10.36922/EER026320036


https://doi.org/10.36922/EER026320036
https://doi.org/10.1038/s41586-025-09218-1
https://doi.org/10.1038/s41586-025-09218-1
https://doi.org/10.1021/acs.est.5c10338
https://doi.org/10.1021/acs.est.5c10338
https://doi.org/10.1002/advs.75151
https://doi.org/10.1002/advs.75151
https://doi.org/10.1007/978-3-030-89220-3_14
https://doi.org/10.1007/978-3-030-89220-3_14
https://doi.org/10.7326/m19-0618
https://doi.org/10.7326/m19-0618
https://doi.org/10.1016/j.scitotenv.2024.178085
https://doi.org/10.1016/j.scitotenv.2024.178085
https://doi.org/10.62622/teiee.025.3.2.01-11
https://doi.org/10.62622/teiee.025.3.2.01-11
https://doi.org/10.1021/acs.est.4c00296
https://doi.org/10.1021/acs.est.4c00296
https://doi.org/10.3389/fmars.2025.1587557
https://doi.org/10.3389/fmars.2025.1587557
https://doi.org/10.2965/jwet.23-137
https://doi.org/10.2965/jwet.23-137
https://doi.org/10.1038/s41467-020-17201-9
https://doi.org/10.1038/s41467-020-17201-9
https://doi.org/10.20517/wecn.2023.27
https://doi.org/10.20517/wecn.2023.27
https://doi.org/10.1016/j.marpolbul.2025.119136
https://doi.org/10.1016/j.marpolbul.2025.119136
https://doi.org/10.1016/j.pce.2026.104358
https://doi.org/10.1016/j.pce.2026.104358
https://doi.org/10.1007/s11356-026-37542-0
https://doi.org/10.1007/s11356-026-37542-0
https://doi.org/10.1071/en14167
https://doi.org/10.1071/en14167
https://doi.org/10.1007/s11869-024-01640-0
https://doi.org/10.1007/s11869-024-01640-0
https://doi.org/10.1371/journal.pone.0328011
https://doi.org/10.1371/journal.pone.0328011
https://doi.org/10.1039/d1em00301a
https://doi.org/10.1039/d1em00301a

Explora: Environment
and Resource

Microplastic trajectories and particle state at exposure

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Epidemiol. 2024;34(2):185-196.
doi: 10.1038/s41370-023-00634-x

Jahanzaib M, Sharma S, Park D. Microplastics comparison
of indoor and outdoor air and ventilation rate effect in
outskirts of the Seoul metropolitan city. Emerg Contam.
2025;11(1):100408.

doi: 10.1016/j.emcon.2024.100408

Gaylarde CC, Baptista Neto JA, da Fonseca EM. Indoor
Airborne Microplastics: Human Health Importance and
Effects of Air Filtration and Turbulence. Microplastics.
2024;3(4):653-670.

doi: 10.3390/microplastics3040040

Gaylarde CC, Baptista Neto JA, da Fonseca EM. Atmospheric
Microplastics: Inputs and Outputs. Micro. 2025;5(2):27.

doi: 10.3390/micro5020027

Allen S, Allen D, Baladima E et al. Evidence of free
tropospheric and long-range transport of microplastic at Pic
du Midi Observatory. Nat Commun. 2021;12(1).

doi: 10.1038/s41467-021-27454-7

Bucci S, Richon C, Bakels L. Exploring the Transport Path
of Oceanic Microplastics in the Atmosphere. Environ Sci
Technol. 2024;58(32):14338-14347.

doi: 10.1021/acs.est.4c03216

Liu X, Li H, Fu Y, et al. Evidence of beryllium isotope
signatures in stratospheric air reveals long distance transport
of micro/nano-plastics in the Southern Tibetan Plateau. J
Hazard Mater. 2026;515:142992.

doi: 10.1016/j.jhazmat.2026.142992

Li H, Zhu L, Ma M, Wu H, An L, Yang Z. Occurrence of
microplastics in commercially sold bottled water. Sci Total
Environ. 2023;867:161553.

doi: 10.1016/j.scitotenv.2023.161553

Arabeyyat Z, Alsoqi F Breider E et al. Microplastic
Composition and Distribution Across the Pelagic and
Benthic Zones of the Jordanian Gulf of Aqaba, Red Sea.
Water. 2026;18(3):370.

doi: 10.3390/w18030370

Tan S, Tang W. Characteristics of Microplastic Pollution in
the Water and Sediments of the Suzhou River, Shanghai,
China. Water. 2026;18(4):467.

doi: 10.3390/w18040467

Venkatramanan S, Radhakrishnan K, Muthuramalingam R,
et al. Assessment of microplastics contamination in riverine
environments: Urban stretch of Cauvery and Kollidam
rivers of southern India. Phys Chem Earth Parts A/B/C.
2026;144:104493.

doi: 10.1016/j.pce.2026.104493

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Solayman HM, Robby MDA, Satriaji FV, et al. Mapping
global microplastic pollution: Integrating advanced
detection and monitoring in aquatic ecosystems. Mar Pollut
Bull. 2026;222:118685.

doi: 10.1016/j.marpolbul.2025.118685

First Sentier MUFG. Microfibers: The Invisible Pollution
from Textiles. Accessed July 21, 2026. https://www.
firstsentier-mufg-sustainability.com/insight/sources-of-
microplastics-and-their-distribution-in-the-environment.
html

Galgani E Rangel-Buitrago N. White tides: The plastic
nurdles problem. ] Hazard Mater. 2024;470:134250.

doi: 10.1016/j.jhazmat.2024.134250

Perera ULHP, Ratnayake AS. X-Press Pearl disaster. In:
Coastal and Marine Pollution: Source to Sink, Mitigation and
Management. Amsterdam, Netherlands: Elsevier; 2023:389-
402.

doi: 10.1016/B978-0-323-95095-4.00019-2

Rochman CM, Bucci K, Langenfeld D, et al. Informing the
Exposure Landscape: The Fate of Microplastics in a Large
Pelagic In-Lake Mesocosm Experiment. Environ Sci Technol.
2024;58(18):7998-8008.

doi: 10.1021/acs.est.3c08990

Zhang Y, An X, An L, et al. Marine sediments serving as
a primary sink for microplastics? ] Hazard Mater Adv.
2026;23:101241.

doi: 10.1016/j.hazadv.2026.101241

Liu C, Yang X, Fan B, Zhang L, Jiang H, Shi K. Long-term
aging-driven evolution of microplastic ecological risks: New
insights from rooftop-deposited microplastics on urban
buildings of varying ages. ] Hazard Mater. 2025;499:140048.

doi: 10.1016/j.jhazmat.2025.140048

Huang Y, Hu T, Lin B, Ke Y, Li J, Ma J. Microplastics-
biofilm interactions in biofilm-based wastewater treatment
processes: A review. Environ Pollut. 2024;361:124836.

doi: 10.1016/j.envpol.2024.124836

Doussiemo DRB, Dupont A, Jafari M, Mauries S, Frenette
M, Perreault F. Different Weathering Strategies Result in
Different Surface Properties and Adsorption Behavior in
Aged Microplastics. Environ Sci Technol. 2026;60(21):15218-
15230.

doi: 10.1021/acs.est.5¢13752

Chiranji G, Mushtaq ST, Kunal K, et al. Characterization
of weathered microplastics in freshwater and fish from the
Central Himalayas. Environ Monit Assess. 2026;198(6).

doi: 10.1007/s10661-026-15479-8

Ran M, Wang Z, Fan Y, et al. Microplastic and nanoplastic
accumulation in fish from Luzhou range of the upper

Volume X Issue X (2026)

13

doi: 10.36922/EER026320036


https://doi.org/10.36922/EER026320036
https://doi.org/10.1038/s41370-023-00634-x
https://doi.org/10.1038/s41370-023-00634-x
https://doi.org/10.1016/j.emcon.2024.100408
https://doi.org/10.1016/j.emcon.2024.100408
https://doi.org/10.3390/microplastics3040040
https://doi.org/10.3390/microplastics3040040
https://doi.org/10.3390/micro5020027
https://doi.org/10.3390/micro5020027
https://doi.org/10.1038/s41467-021-27454-7
https://doi.org/10.1038/s41467-021-27454-7
https://doi.org/10.1021/acs.est.4c03216
https://doi.org/10.1021/acs.est.4c03216
https://doi.org/10.1016/j.jhazmat.2026.142992
https://doi.org/10.1016/j.jhazmat.2026.142992
https://doi.org/10.1016/j.scitotenv.2023.161553
https://doi.org/10.1016/j.scitotenv.2023.161553
https://doi.org/10.3390/w18030370
https://doi.org/10.3390/w18030370
https://doi.org/10.3390/w18040467
https://doi.org/10.3390/w18040467
https://doi.org/10.1016/j.pce.2026.104493
https://doi.org/10.1016/j.pce.2026.104493
https://doi.org/10.1016/j.marpolbul.2025.118685
https://doi.org/10.1016/j.marpolbul.2025.118685
https://www.firstsentier-mufg-sustainability.com/insight/sources-of-microplastics-and-their-distribution-in-the-environment.html
https://www.firstsentier-mufg-sustainability.com/insight/sources-of-microplastics-and-their-distribution-in-the-environment.html
https://www.firstsentier-mufg-sustainability.com/insight/sources-of-microplastics-and-their-distribution-in-the-environment.html
https://www.firstsentier-mufg-sustainability.com/insight/sources-of-microplastics-and-their-distribution-in-the-environment.html
https://doi.org/10.1016/j.jhazmat.2024.134250
https://doi.org/10.1016/j.jhazmat.2024.134250
https://doi.org/10.1016/B978-0-323-95095-4.00019-2
https://doi.org/10.1016/B978-0-323-95095-4.00019-2
https://doi.org/10.1021/acs.est.3c08990
https://doi.org/10.1021/acs.est.3c08990
https://doi.org/10.1016/j.hazadv.2026.101241
https://doi.org/10.1016/j.hazadv.2026.101241
https://doi.org/10.1016/j.jhazmat.2025.140048
https://doi.org/10.1016/j.jhazmat.2025.140048
https://doi.org/10.1016/j.envpol.2024.124836
https://doi.org/10.1016/j.envpol.2024.124836
https://doi.org/10.1021/acs.est.5c13752
https://doi.org/10.1021/acs.est.5c13752
https://doi.org/10.1007/s10661-026-15479-8
https://doi.org/10.1007/s10661-026-15479-8

Explora: Environment
and Resource

Microplastic trajectories and particle state at exposure

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Yangtze River: Trophic level and living water layer as key
drivers. | Hazard Mater. 2026;504:141409.

doi: 10.1016/j.jhazmat.2026.141409

Setdld O, Fleming-Lehtinen V, Lehtiniemi M. Ingestion and
transfer of microplastics in the planktonic food web. Environ
Pollut. 2014;185:77-83.

doi: 10.1016/j.envpol.2013.10.013

Ma Y fei, You X yi. Microplastics in freshwater ecosystems:
A significant force of disrupting health and altering trophic
transfer patterns by reduced assimilation efficiency of
aquatic organisms. Aquaculture. 2025;594:741463.

doi: 10.1016/j.aquaculture.2024.741463

Nikhil VG, Abisha C, Raghavan R, PH AA, K R, Varghese
GK. Bioaccumulation and trophic transfer of microplastics
in oceanic food webs. Mar Pollut Bull. 2026;224:119113.

doi: 10.1016/j.marpolbul.2025.119113

Caceres-Farias L, Espinoza-Vera MM, Orés ], Garcia-
Bereguiain MA, Alfaro-Nufez A. Macro and microplastic
intake in seafood variates by the marine organism’s feeding
behaviour: Is it a concern to human health? Heliyon.
2023;9(5):e16452.

doi: 10.1016/j.heliyon.2023.e16452

Ghosh T. Microplastics bioaccumulation in fish: Its
potential toxic effects on hematology, immune response,
neurotoxicity, oxidative stress, growth, and reproductive
dysfunction. Toxicol Rep. 2025;14:101854.

doi: 10.1016/j.toxrep.2024.101854

Fu L, Xi M, Nicholaus R, et al. Behaviors and biochemical
responses of macroinvertebrate Corbicula fluminea
to polystyrene microplastics. Sci  Total Environ.
2022;813:152617.

doi: 10.1016/j.scitotenv.2021.152617

Yao FC, Jin CX, Liang H, et al. Microplastics weaken the
digestion and absorption functions in the golden pompano
(Trachinotus blochii) by affecting the intestinal structure,
bacteria and metabolites. Chemosphere. 2024;362:142415.

doi: 10.1016/j.chemosphere.2024.142415

Uguen M, Nicastro KR, Zardi GI, et al. Microplastic leachates
disrupt the chemotactic and chemokinetic behaviours of
an ecosystem engineer (Mytilus edulis). Chemosphere.
2022;306:135425.

doi: 10.1016/j.chemosphere.2022.135425

Aktar SA, Firdous SM, Roy SL. Microplastic-induced
neurotoxicity in Zebrafish: Current evidence and underlying
mechanisms. Mol Biol Rep. 2026;53(1).

doi: 10.1007/s11033-026-12361-1

Saleh SMM, Abdel-Zaher S, Mohamed MS, Sayed AEH.
Microplastics induced ileum damage: Morphological

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

and immunohistochemical study. Microsc Res Tech.

2024;88(1):251-269.
doi: 10.1002/jemt.24696

Prata JC, Dias-Pereira P. Microplastics in Terrestrial
Domestic Animals and Human Health: Implications for
Food Security and Food Safety and Their Role as Sentinels.
Animals. 2023;13(4):661.

doi: 10.3390/ani13040661

Wu T, Shu X, Wang C, et al. Microplastic pollution of
threatened terrestrial wildlife in nature reserves of Qinling
Mts., China. Glob Ecol Conserv. 2024;51:€02865.

doi: 10.1016/j.gecco.2024.e02865

Wayman C, Gonzalez-Pleiter M, Ferndndez-Pifias F, et
al. Accumulation of microplastics in predatory birds
near a densely populated urban area. Sci Total Environ.
2024;917:170604.

doi: 10.1016/j.scitotenv.2024.170604

Sarkar S, Diab H, Thompson J. Microplastic Pollution:
Chemical Characterization and Impact on Wildlife.
IJERPH. 2023;20(3):1745.

doi: 10.3390/ijerph20031745

Alvarez-Velazquez MFE, Rendén-von Osten ], Borges-
Ramirez MM, et al. Presence and hazard assessment of
microplastics in mexican howler monkeys (Alouatta palliata
ssp. mexicana) of the Los Tuxtlas Biosphere reserve, Mexico.
] Hazard Mater Adv. 2026;22:101236.

doi: 10.1016/j.hazadv.2026.101236

Saha S, Saha R, Gupta M, et al. A Narrative Review of
Microplastics in Terrestrial Ecosystems: Impacts on
Wild Herbivores and Emerging Conservation Priorities,
Supported by Evidence from Livestock and Experimental
Mammals. Microplastics. 2026;5(2):79.

doi: 10.3390/microplastics5020079

Kovacs K, Bodis J, Vass RA. Microplastics, Endocrine
Disruptors, and Oxidative Stress: Mechanisms and Health
Implications. IJMS. 2025;27(1):399.

doi: 10.3390/ijms27010399

Fan ], Ha Y. Micro- and Nanoplastics and the Immune
System: Mechanistic Insights and Future Directions.
Immuno. 2025;5(4):52.

doi: 10.3390/immuno5040052

Gaspar L, Bartman S, Coppotelli G, Ross JM. Acute
Exposure to Microplastics Induced Changes in Behavior
and Inflammation in Young and Old Mice. IJMS.
2023;24(15):12308.

doi: 10.3390/ijms241512308

Bornstein SR, Guan K, Wuestefeld T, et al. Implications of
microplastics as emerging endocrine disruptors. Lancet

Volume X Issue X (2026)

doi: 10.36922/EER026320036


https://doi.org/10.36922/EER026320036
https://doi.org/10.1016/j.jhazmat.2026.141409
https://doi.org/10.1016/j.jhazmat.2026.141409
https://doi.org/10.1016/j.envpol.2013.10.013
https://doi.org/10.1016/j.envpol.2013.10.013
https://doi.org/10.1016/j.aquaculture.2024.741463
https://doi.org/10.1016/j.aquaculture.2024.741463
https://doi.org/10.1016/j.marpolbul.2025.119113
https://doi.org/10.1016/j.marpolbul.2025.119113
https://doi.org/10.1016/j.heliyon.2023.e16452
https://doi.org/10.1016/j.heliyon.2023.e16452
https://doi.org/10.1016/j.toxrep.2024.101854
https://doi.org/10.1016/j.toxrep.2024.101854
https://doi.org/10.1016/j.scitotenv.2021.152617
https://doi.org/10.1016/j.scitotenv.2021.152617
https://doi.org/10.1016/j.chemosphere.2024.142415
https://doi.org/10.1016/j.chemosphere.2024.142415
https://doi.org/10.1016/j.chemosphere.2022.135425
https://doi.org/10.1016/j.chemosphere.2022.135425
https://doi.org/10.1007/s11033-026-12361-1
https://doi.org/10.1007/s11033-026-12361-1
https://doi.org/10.1002/jemt.24696
https://doi.org/10.1002/jemt.24696
https://doi.org/10.3390/ani13040661
https://doi.org/10.3390/ani13040661
https://doi.org/10.1016/j.gecco.2024.e02865
https://doi.org/10.1016/j.gecco.2024.e02865
https://doi.org/10.1016/j.scitotenv.2024.170604
https://doi.org/10.1016/j.scitotenv.2024.170604
https://doi.org/10.3390/ijerph20031745
https://doi.org/10.3390/ijerph20031745
https://doi.org/10.1016/j.hazadv.2026.101236
https://doi.org/10.1016/j.hazadv.2026.101236
https://doi.org/10.3390/microplastics5020079
https://doi.org/10.3390/microplastics5020079
https://doi.org/10.3390/ijms27010399
https://doi.org/10.3390/ijms27010399
https://doi.org/10.3390/immuno5040052
https://doi.org/10.3390/immuno5040052
https://doi.org/10.3390/ijms241512308
https://doi.org/10.3390/ijms241512308

Explora: Environment
and Resource

Microplastic trajectories and particle state at exposure

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Diabetes Endocrinol. 2026;14(6):449.
doi: 10.1016/s2213-8587(26)00074-4

Hu J qian, Wang C chang, Ma R xue, et al. Co-exposure
to polyethylene microplastics and house dust mites
aggravates airway epithelial barrier dysfunction and airway
inflammation via CXCL1 signaling pathway in a mouse
model. Int Immunopharmacol. 2025;146:113921.

doi: 10.1016/j.intimp.2024.113921

Zhang X, Liu K, Zhang Z, et al. Bridging environmental
pollution and immune dysregulation: How microplastics
disrupt gut homeostasis to promote allergic diseases.
Virulence. 2026;17(1).

doi: 10.1080/21505594.2026.2690759

Siddique MdAUZ, Sheikh MdS, Shahjahan M, Al-Emran
M. Microplastics Induced Dysfunctions in Physiology
and Behavior of Fish: A Comprehensive Review. ] Toxicol.
2026;2026(1).

doi: 10.1155/jt/4669316

Barrick A, Champeau O, Chatel A, Manier N, Northcott G,
Tremblay LA. Plastic additives: challenges in ecotox hazard
assessment. Peer]. 2021;9:e11300.

doi: 10.7717/peer;j.11300

Mato Y, Isobe T, Takada H, Kanehiro H, Ohtake C,
Kaminuma T. Plastic Resin Pellets as a Transport Medium
for Toxic Chemicals in the Marine Environment. Environ Sci
Technol. 2000;35(2):318-324.

doi: 10.1021/es0010498

Costigan E, Collins A, Hatinoglu MD, et al. Adsorption of
organic pollutants by microplastics: Overview of a dissonant
literature. ] Hazard Mater Adv. 2022;6:100091.

doi: 10.1016/j.hazadv.2022.100091

Bao ZZ, Lu SQ, Wang G, Cai Z, Chen ZE Adsorption of
2-hydroxynaphthalene, naphthalene, phenanthrene, and
pyrene by polyvinyl chloride microplastics in water and
their bioaccessibility under in vitro human gastrointestinal
system. Sci Total Environ. 2023;871:162157.

doi: 10.1016/j.scitotenv.2023.162157

Avazzadeh Samani F Meunier L. Interactions of
microplastics with contaminants in freshwater systems: a
review of characteristics, bioaccessibility, and environmental
factors affecting sorption. J Environ Sci Health Part A.
2023;58(3):222-235.

doi: 10.1080/10934529.2023.2177458

Gouin T, Whelan MJ. Evaluating microplastic particles as
vectors of exposure for plastic additive chemicals using a
food web model. Micropl Nanopl. 2024;4(1).

doi: 10.1186/543591-024-00099-1
Yang L, Kang S, Luo X, Wang Z. Microplastics in drinking

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

water: A review on methods, occurrence, sources, and
potential risks assessment. Environ Pollut. 2024;348:123857.

doi: 10.1016/j.envpol.2024.123857

Yang L, Kang S, Luo X, Wang Z. Microplastics in drinking
water: A review on methods, occurrence, sources, and
potential risks assessment. Environ Pollut. 2024;348:123857.

doi: 10.1016/j.envpol.2024.123857

Baeza-Martinez C, Olmos S, Gonzalez-Pleiter M, et al. First
evidence of microplastics isolated in European citizens
lower airway. ] Hazard Mater. 2022;438:129439.

doi: 10.1016/j.jhazmat.2022.129439

Qiu L, Lu W, Tu C, et al. Evidence of Microplastics in
Bronchoalveolar Lavage Fluid among Never-Smokers:
A Prospective Case Series. Environ Sci Technol.
2023;57(6):2435-2444.

doi: 10.1021/acs.est.2c06880

Bondi B, Nicola S, Di Marco F, et al. Silent invaders: the role
of MPs on epithelium inflammation and damage in airway
diseases. Front Allergy. 2026;7.

doi: 10.3389/falgy.2026.1758940

Widjaja J, Hanisia R. Breathing plastics: Influence of airborne
microplastics on the respiratory microbiome and health of
human lungs (Review). World Acad Sci J. 2026;8(2):1-10.

doi: 10.3892/was;j.2026.435

Li Y, Bao S, Huang P, et al. Colonic Barrier Dysfunction
and Inflammation Induced by Nano-/Micro-Plastics Fibers
in Mice via the FAK/NF-kB/iNOS and TLR4/NF-«kB/iNOS
Pathways. ] Appl Toxicol. 2026.

doi: 10.1002/jat.70196

Bridgeman L, Cimbalo A, Lépez-Rodriguez D, Pamies
D, Frangiamone M. Exploring toxicological pathways of
microplastics and nanoplastics: Insights from animal and
cellular models. ] Hazard Mater. 2025;490:137795.

doi: 10.1016/j.jhazmat.2025.137795

Ma J, Ladd DM, Kaval N, Wang HS. Toxicity of long
term exposure to low dose polystyrene microplastics and
nanoplastics in human iPSC-derived cardiomyocytes. Food
Chem Toxicol. 2025;202:115489.

doi: 10.1016/j.fct.2025.115489

Wang Z, Pilechi A, Ariya PA. Waterborne nanoplastics and
microplastics: analytical advances, modelling, and future
directions. Environ Sci Nano. 2026;13(4):1776-1802.

doi: 10.1039/d5en01084e

Candussi M, Neuper C, Gonzalez de Vega R, et al
Complementary analysis of pristine, UV-aged and extracted
microplastics using single particle ICP-MS and OF2i-Raman
spectroscopy. Talanta. 2026;302:129339.

doi: 10.1016/j.talanta.2025.129339

Volume X Issue X (2026)

doi: 10.36922/EER026320036


https://doi.org/10.36922/EER026320036
https://doi.org/10.1016/s2213-8587(26)00074-4
https://doi.org/10.1016/s2213-8587(26)00074-4
https://doi.org/10.1016/j.intimp.2024.113921
https://doi.org/10.1016/j.intimp.2024.113921
https://doi.org/10.1080/21505594.2026.2690759
https://doi.org/10.1080/21505594.2026.2690759
https://doi.org/10.1155/jt/4669316
https://doi.org/10.1155/jt/4669316
https://doi.org/10.7717/peerj.11300
https://doi.org/10.7717/peerj.11300
https://doi.org/10.1021/es0010498
https://doi.org/10.1021/es0010498
https://doi.org/10.1016/j.hazadv.2022.100091
https://doi.org/10.1016/j.hazadv.2022.100091
https://doi.org/10.1016/j.scitotenv.2023.162157
https://doi.org/10.1016/j.scitotenv.2023.162157
https://doi.org/10.1080/10934529.2023.2177458
https://doi.org/10.1080/10934529.2023.2177458
https://doi.org/10.1186/s43591-024-00099-1
https://doi.org/10.1186/s43591-024-00099-1
https://doi.org/10.1016/j.envpol.2024.123857
https://doi.org/10.1016/j.envpol.2024.123857
https://doi.org/10.1016/j.envpol.2024.123857
https://doi.org/10.1016/j.envpol.2024.123857
https://doi.org/10.1016/j.jhazmat.2022.129439
https://doi.org/10.1016/j.jhazmat.2022.129439
https://doi.org/10.1021/acs.est.2c06880
https://doi.org/10.1021/acs.est.2c06880
https://doi.org/10.3389/falgy.2026.1758940
https://doi.org/10.3389/falgy.2026.1758940
https://doi.org/10.3892/wasj.2026.435
https://doi.org/10.3892/wasj.2026.435
https://doi.org/10.1002/jat.70196
https://doi.org/10.1002/jat.70196
https://doi.org/10.1016/j.jhazmat.2025.137795
https://doi.org/10.1016/j.jhazmat.2025.137795
https://doi.org/10.1016/j.fct.2025.115489
https://doi.org/10.1016/j.fct.2025.115489
https://doi.org/10.1039/d5en01084e
https://doi.org/10.1039/d5en01084e
https://doi.org/10.1016/j.talanta.2025.129339
https://doi.org/10.1016/j.talanta.2025.129339

Explora: Environment
and Resource

Microplastic trajectories and particle state at exposure

137.

138.

139.

140.

141.

142.

Shafea L, Carlos AYR, Goebel MO, et al. Microplastics
recovery from soil by density separation: application
at pristine and UV-aged particles differing in surface
properties. Micropl Nanopl. 2026;6(1).

doi: 10.1186/543591-026-00194-5

European Parliament and Council of the European Union.
Directive (EU) 2024/2881 of the European Parliament and
of the Council of 23 October 2024 on ambient air quality
and cleaner air for Europe (recast). Off ] Eur Union. 2024.
Accessed September 8, 2026. https://eur-lex.europa.eu/eli/
dir/2024/2881/0j/eng

Deeney M, Yates ], Kadiyala S, et al. Human health evidence
in the global treaty to end plastic pollution: a survey of
policy perspectives. Camb prisms Plast. 2025;3.

doi: 10.1017/plc.2025.5

Sorensen RM, Kanwar RS, Jovanovi B. Past, present, and
possible future policies on plastic use in the United States,
particularly microplastics and nanoplastics: A review. Integr
Environ Assess Manag. 2022;19(2):474-488.

doi: 10.1002/ieam.4678

European Commission. Single-Use Plastics. Accessed July
21, 2026. https://environment.ec.europa.eu/topics/plastics/
single-use-plastics_en

European Commission. Commission Regulation (EU)
2023/2055 amending Annex XVII to Regulation (EC) No

143.

144.

145.

146.

1907/2006 as regards synthetic polymer microparticles.
Off ] Eur Union. 2023. Accessed September 8, 2026.
https://eur-lex.europa.eu/eli/reg/2023/2055/0j/eng

European Parliament and Council of the European Union.
Regulation (EU) 2025/2365 on preventing plastic pellet
losses to reduce microplastic pollution. Off J Eur Union.
2025. Accessed September 8, 2026. https://eur-lex.europa.
eu/eli/reg/2025/2365/0j/eng

AlNeyadi SS, Almarar HA, Dhaheri AS, Marar FA, AlTeneiji
AB, Almahri NE. Magnetic COF-based PVDF membranes
for structure-dependent microplastic removal via integrated
adsorption and photocatalysis. | Hazard Mater Adv.
2026;22:101253.

doi: 10.1016/j.hazadv.2026.101253

Wang P, Wang C, Mao D, et al. Efficiently synchronous
removal of micro/nanoplastics and coexisting organic
compounds  using  interconnected
microporous pristine biochar: easily accessible binding sites
and competitive adsorption mitigation. Sep Purif Technol.
2026;412:139612.

macro-meso-

doi: 10.1016/j.seppur.2026.139612

Das TK, Basak S, Ganguly S. 2D nanomaterial for
microplastic Removal: A critical review. Chem Eng ].
2024;492:152451.

doi: 10.1016/j.cej.2024.152451

Volume X Issue X (2026)

16

doi: 10.36922/EER026320036


https://doi.org/10.36922/EER026320036
https://doi.org/10.1186/s43591-026-00194-5
https://doi.org/10.1186/s43591-026-00194-5
https://eur-lex.europa.eu/eli/dir/2024/2881/oj/eng
https://eur-lex.europa.eu/eli/dir/2024/2881/oj/eng
https://doi.org/10.1017/plc.2025.5
https://doi.org/10.1017/plc.2025.5
https://doi.org/10.1002/ieam.4678
https://doi.org/10.1002/ieam.4678
https://environment.ec.europa.eu/topics/plastics/single-use-plastics_en
https://environment.ec.europa.eu/topics/plastics/single-use-plastics_en
https://eur-lex.europa.eu/eli/reg/2023/2055/oj/eng
https://eur-lex.europa.eu/eli/reg/2025/2365/oj/eng
https://eur-lex.europa.eu/eli/reg/2025/2365/oj/eng
https://doi.org/10.1016/j.hazadv.2026.101253
https://doi.org/10.1016/j.hazadv.2026.101253
https://doi.org/10.1016/j.seppur.2026.139612
https://doi.org/10.1016/j.seppur.2026.139612
https://doi.org/10.1016/j.cej.2024.152451
https://doi.org/10.1016/j.cej.2024.152451

