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Abstract: The rapid production and disposal of synthetic textiles, driven by fast fashion
and overconsumption, contribute significantly to environmental pollution and human
health risks. Functional finishes often contain toxic substances that leach into aquatic
systems. Laundering and abrasion release microplastic fibers (MPFs), commonly called
microplastics, and anthropogenic microfibers (MFs) which degrade into nanoplastics (NPs)
through mechanical stress, heat, and UV radiation. These particles bypass wastewater
treatment and accumulate in human organs, including the liver, lungs, and brain. This
review highlights the limitations of current waste management systems, the role of tex-
tile design in particle release, and the need for further research on airborne emissions
and environmental interactions. Mitigating textile-derived plastic pollution will require
biodegradable finishes, pre-consumer filtration systems, and circular consumption models
supported by interdisciplinary collaboration.

Keywords: fashion; textiles; pollution; plastics; microplastics; nanoplastics; waste; laundering;
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1. Introduction

Textile scientists broadly classify fibers used in apparel as either natural (plant-
based /animal/protein) or manufactured (man-made/synthetic). Within the manufactured
classification are fibers created from regenerated materials: cellulose, proteins, and syn-
thetic fibers created from virgin feedstock (petrochemicals or biomass). In regenerated
cellulosic textiles, wood pulp, taken from mature forests, soaks in a chemical solution and
is treated to form a viscose, which is then treated with other chemicals to form the fiber,
rayon, for use in textile spinning [1,2], whereas synthetics, nylon and polyester, undergo
many processes of combining petrochemical-based monomers to form a solution, which
is then heated to form a polymer. Chemical baths and other additives extrude the solu-
tion into a usable fiber. Based on the chemical processes, regenerated manufactured and
synthetic fibers are made of similar chemical solutions and polymers to consumer-grade
plastics. The end-use textiles of both types of manufactured fibers, no matter the feedstock,
can produce microplastics (MPs) and, through various means, further degrade to form
nanoplastics (NPs) [3,4]. To ensure clarity and consistency, this review adopts the definition
of microplastics established by the European Chemicals Agency (ECHA). According to
ECHA, microplastics are defined as

“ A material consisting of a solid polymer containing particles, to which additives or
other substances may have been added, and where a weight fraction of >1% particles meet
one of the following criteria:
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(@) Allsizes ranging from 100 nm to 5 mm;
(b) For fibers, a length of 300 nm to 15 mm with a length-to-diameter ratio greater than 3.

Polymers that occur in nature and have not been chemically modified (except by
hydrolysis), as well as those that are (bio)degradable, are excluded [5]”.

This definition is particularly relevant for the textiles sector, where synthetic polymer-
based fibers—such as polyester, nylon, and acrylic—are a major source of microplastic and
microplastic fiber (MPF) pollution throughout the product lifecycle. Additionally, anthro-
pogenic microfibers (MFs) can contain microplastics as well as other fibers including cotton,
rayon, or other man-made bio-cellulosic fibers [6,7]. Additionally, the International Stan-
dards Organization (ISO) defines MP as any solid plastic particle insoluble in water with
dimensions between 1 um and 1000 pm (=1 mm). MPs also meet the following conditions:

(a) “Primary microplastics object represents a particle intentionally added to end-user
products for example cosmetic means, coatings, paints etc.

(b) Secondary microplastics object can also result as a fragment of the respective item.
Microplastics have regular and irregular shapes.

(¢) The defined dimension is related to the longest length of the particle. [8]”

More importantly, a concern raised by environmentalists is the difficulty in clearly
determining the amount of clothing produced each year using manufactured fibers, namely
synthetic polyester, the most common fiber in modern clothing [9]. Manufactured fiber
mills use an estimated 342 million barrels of oil to generate the virgin feedstock to produce
synthetic fibers every year. More concerningly, estimations suggest that 35-40% of ocean
MP and NP pollution is attributed to synthetic fibers from clothing and textiles. Despite
the capacity and ability, consumers recycle or reuse less than 20% of clothing and textiles
produced from synthetic fibers [10]. Beyond the fibers, industry professionals estimate
that upwards of 100 billion garments are made annually, and about 30% of those are never
worn and immediately sent to landfills, where they will take decades, even up to a century,
to biodegrade [10]. These discarded never-worn garments are not directly contributing to
the MP or NP problems found in wastewater and aquatic environments; however, due to
the slow biodegradation and leeching, their impacts on the environment are not yet fully
understood, nor has sufficient research been completed.

Once the clothing and/or textiles reach the disposal stage within the fashion cycle,
those not sent to landfills are sent to be incinerated, releasing greenhouse gases that con-
tribute to global warming [11,12]. While greenhouse gases occur naturally, human activity
and artificial production, including the breakdown of MPs and NPs into atmospheric
particles and the subsequent release of chemicals, contribute to further environmental
concerns [11]. The increased MP and NP presence can significantly raise nitrous oxide,
carbon dioxide, and methane emissions—all byproducts harmful to both the atmosphere
and human health. Polyethylene terephthalate (PET), the most widely used virgin feedstock
in the textile industry, has significantly contributed to environmental and human health
concerns through common textile disposal practices [11].

Manufactured fiber producers often claim that natural fibers, throughout their produc-
tion process, use approximately 713 gallons of water compared to the 157 gallons of water
for a single synthetic t-shirt [1,12]. With these claims, synthetics might be seen as a more
sustainable option for the fashion industry, but compared to the lack of degradability, MP
and NP effluence, and chemicals used in finishing to reduce unwanted fabrication issues,
the environmental aftereffects offset the water consumption saving comparisons [9]. A
reduction in the production of all fibers and fabrics combined with recycling /repurposing
of existing fibers and fabrics is a foreseeable bandage for the overconsumption and tex-
tile pollution pandemic—and more importantly the rising crisis of MP and NP effects on
environmental and human health [13]. Therefore, the purpose of this content review is to
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examine emerging research on the human health impacts of microplastics (MPs), microplas-
tic fibers (MPFs), and nanoplastics (NPs) specifically linked to the lifecycle of textiles—from
manufacturing and wear to laundering and disposal. By bridging environmental pollution
with health science, this review highlights how synthetic fibers contribute to plastic particle
exposure and identifies critical gaps in understanding their biological interactions and
long-term health effects in both animals and humans. This interdisciplinary synthesis
underscores the urgent need for sustainable textile production and care practices across the
supply chain informed by health-focused research. The role of the textile supply chain in
the release and environmental integration of synthetic particles—along with their potential
downstream health impacts—is illustrated in Figure 1 [14].
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Figure 1. Textile supply chain, release of microfibers, and their impacts on ecological and human
health. The dotted lines represent indirect or minor pathways of entry into the environment [14].

With the review of existing literature concerning the impacts of MPFs, MPs, NPs, and
fabric finishing chemicals, the scope of the pollution crisis is vast. Touching physiological
disruption, neurological dysregulation, and disruptions between key axes in the body,
synthetic clothing and subsequent emissions reach far wider than the natural environment
and land/marine species. The sources reviewed spanned far greater than the direct subject
of this content review and provided a deeper understanding of the intimate relationship of
plastics and the natural world. The breakdown of the relevant sources and the selection
process of the articles to the content of this review are seen in Figure 2.

The current research into the particulate plastic pollution is singularly focused, mean-
ing that often factors like fashion are not considered as they are not the main polluter of
this specific pollutant. Although many see the industry as vapid and shallow in terms of
beauty, the industry is not held accountable for the role it plays in the global pollution
pandemic. With that, the aim of this content review is to shed light on the role the industry
plays and the importance of ethical and sustainable fashion on the environment and its
inhabitants both in the short and long term.
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Figure 2. Process of source selection and review.

2. Textiles and the Age of Plastics

Due to the prevalence of plastic pollution of all sizes, environmental scientists within
multiple fields have stated that we are no longer in the Anthropocene but have entered
a new epoch categorized by the assimilation of plastic into the environment called The
Plasticene or The Age of Plastics [15,16]. The Plasticene is defined by the plastic fragments
that scientists now use as stratigraphic markers from archeological field studies. With the
main methods of uptake for MPs, MPFs, and NPs being identified as inhalation, ingestion,
and dermal contact, it is important to state that multiple studies and sources have found
that plastic fibers are one of the most abundant types of MPs, at 70.6%, ingested by fish [15].

Plastic fragments are found in remote areas such as Antarctic snowpacks and as
close as the human placenta [17]. Through ingestion, inhalation, and dermal contact, MPs
and NPs, including those from synthetic fibers, have been found throughout the human
body. From breast milk and blood to the placenta, lungs, and brain, MPs and NPs not
only bioaccumulate but bio magnify in susceptible areas of the human body. The plastic
degradation cycle, seen in Figure 3, is used to understand the process of how existing
plastic in the environment undergoes degradation, leading to eventual uptake into the
human body and marine/land species, supporting the need for research into the pollutant
and its effects [18,19].
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Figure 3. Degradation of MPs to NPs in the environment [18,19].

With global changes and increased solar ultraviolet (UV) radiation, plastics in the
environment undergo more intense photo-oxidation, which leads to fragmentation [19-21].
As some biodegrade with continual fracturing, many also mineralize, transforming from
MPs to NPs, and uptake and biological impact are inevitable [20,21]. The increasing UV
radiation is not the only concern, as increased and unpredictable natural events cause
mechanical stress to the plastics and MPs already present in the environment, furthering
their degradation into NPs [3,20-22]. A study into the enhancement of the internalization
of MPs due to environmental exposure tested the internalization of MPs from fresh and
salt water. Results showed that MPs exposed to fresh water for two to four weeks attached
and became internalized by cells around ten times more often than control particles [23].
This increase in internalization was due to an eco-corona, making this an important factor
in the cellular internalization of MPs [23]. With the findings and the understanding that
heat influences the uptake of MPs and NPs into the body, the impacts of the climate crisis
only grow more concerning with the large amount of plastic waste. When MPs are present
in the environment, they can develop a layered structure of biomolecules on the surface:
eco-corona. After interacting with organic matter in the environment, this eco-corona
enhances the internalization capability of MPs [23].

The main entry point of MPs and other particulates is the gastrointestinal tract, but MPs
can translocate into the circulatory systems and tissues, inducing inflammatory responses
and necrosis (the death of most or all cells in tissue due to disease, injury, or failure of
blood supply) [15,23]. A study aimed to quantify plastic particle pollution in human
blood to further understand the global implications of the plastic crisis on humanity’s
health [24]. Of the 22 participants involved, 17, or 77%, were found to have a quantifiable
mass of plastic particles in their blood, PET being the most present [24]. PS, PE, and
PMMA were the most present modes [24]. The uptake routes of plastic particles detected
in the human bloodstream will likely be via mucosal contact, either through ingestion or
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inhalation [18,24]. With these findings, questions concerning a predisposition to diseases
with an immunological base arise and warrant investigation [24].

Anxiety, a disorder that approximately over 15% of Americans will suffer from, has
differing categorizations as they differ in terms of the real or imagined stimuli that produce
anxiety; however, these disorders have the pathological expression of fear in common [25].
A study conducted concerning PS-MPs and the induction of anxiety and accumulation in
mice is one of this first of its kind [26]. Through methods of Golgi staining of the dendritic
spines and neurons, data showed that there was a significant lowering of dendritic spine
density in mice exposed to PS-MPs compared to controls [26]. The significant inflammation
seen in the study contributed to the connection between humans and MP consumption and
inflammatory responses in the central nervous system (CNS) [22,26,27].

There have been two notable studies of the neurotoxic effects of MPs and NPs in
rodents, the first of which found that exposure to PS-MPs resulted in presence in the gut,
liver, and kidneys, and particle concentration in the tissues increased rapidly during the first
week of exposure [22]. Acetylcholine (ACh) activity, a neurotransmitter (NT), was found
to increase; however, metabolic changes suggest potential changes in neurotransmitter
(NT) levels [9]. This study did not examine brain tissue; however, an in vitro rodent
study showed that NPs can affect mitochondrial activity [22,28,29]. The in vitro study
found that aged NPs stored for more than 6 months had increased toxicity while also
revealing that microglia were able to internalize PS-NPs, suggesting the possibility for
neuroinflammation [22].

The aforementioned analysis found across species the presence of alterations in gene
expression, inflammation of the gut, gills, liver, kidney, and/or muscle, and particle accu-
mulation in tissues of the gills, intestines, liver, kidneys, gallbladder and/or gonads, as
seen in Figure 4 [30]. Findings also added evidence of oxidative damage in the body and
organs, disturbed metabolism, alterations in cell motion capabilities (motility) and behavior,
and alterations in intestinal barrier function and gut microbiome [22,31]. Strikingly, in
all species covered in the analysis, it was found that an overall reduction in fitness and
increased mortality was present, which warrants immediate and thorough investigation
into the impacts of MP and NP pollutants in regard to the human population as plastic is
increasingly incorporated into every aspect of the modern human experience [22]. With
systematic uptake of MPs and NPs eventually leading to passage into the brain, this causes
ACh inhibition, altered NT levels, and oxidative stress [31-33]. ACh inhibition has been
identified to be responsible for behavioral changes [9,32]. ACh is an NT that mediates
fast synaptic transmission at neuromuscular junctions involved in neuroplasticity, motor
functions, attention, memory, and arousal [22,30,34].

Investigating bioaccumulation of MPs in the human brain and organs is extremely
limited. A recent study compared concentrations of MPs by isolating and quantifying them
using gas chromatography-mass spectrometry [35]. Results found that the brains exhibited
higher concentrations than both liver and kidney samples; however, all organs had signif-
icantly increased concentrations from 2016 to 2024 [35]. PE-MPs were the predominant
polymer found in organs and had the highest levels in brain samples. Results demonstrate
that MPs are selectively accumulating in the human brain and concentrations are rising
over time without filtering. More concerningly, MP concentrations in samples ranged from
7 to 30 times the concentration seen in the liver or kidneys [35].
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Figure 4. The accumulation of PS-MPs in young and old mouse tissue samples. Images include the
liver, heart, kidney, spleen, GI tract, and lung from 4-month-old and 21-month-old mice [30]. Arrow
indicates PS-MPS.

3. Health Impacts of the Production of Synthetic Fibers

It is important to note that although cellulosic and other natural fibers release mi-
crofibers, these are not classified as MPs [36]. This distinction is important when under-
standing and correctly assessing the scope of pollution and its impacts on human health.
In fabric production, the finishing of the textile is crucial to give it desired qualities such as
water repellency or anti-static functioning. Polymeric NPs are plastic debris emitted from
the finishes (coatings), and are within the nanometric scale [36]. The most common finishes
include water repellents, antimicrobials, flame retardants, softeners, crease recovery, and
UV protectants [36]. These polymeric finish coatings involve polymers such as Polyamide
(PA), Polypropylene (PP), Polystyrene (PS), Polyethylene (PE), Polyvinyl chloride (PVC),
and PET, but MPs and NPs can also come from less commonly used plastics such as
Polycarbonate (PC) [2,36].

Finishes protect against various mechanical, physical, and chemical stresses, and while
important, they produce micro and nano debris along with fiber fragments produced by
wear and laundering. Table 1 shows different functional finishes, their performed function,
and the specific polymer(s) used in the production [36]. Other finishing categories are
aesthetic or mechanical and chemical finishes [2]. Functional finishes improve performance
characteristics, mechanical/aesthetic finishes improve the look and feel, and chemical
finishes can modify fabric qualities [2]. During the finishing stages, applied residues,
including plasticizers, dyes, antioxidants, flame retardants, and UV stabilizers, increase
health concerns through dermal contact prior to laundering [20,21,37]. Synthetic dyes,
phthalates, flame retardants, and UV stabilizers are commonly used in clothing, from
children’s sleepwear to fast fashion, in a variety of product assortments [36,38,39]. Many
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of these ultra-consumeristic, fashion-focused, and low-price-driven companies not only
commit environmental and ethical violations but have also been identified as using haz-
ardous chemicals in their products like phthalates, formaldehyde, heavy metals, and many
others [39-41]. PET, PA, and Polyurethane (PU) are commonly used in coating textiles, and
all have the potential to release MPs, which is of concern as they can act in a wide variety
of functional finishes, as seen in Table 1, including durability, breathability, wind proofing,
elasticity, and stretch recovery [36,42].

Table 1. Finishes, functions, and polymers used in the production and application of coating
textiles [2,35].

Finish Name

Polymer(s)

Function Involved

Water repellency

Hydrophobic barrier repelling water on

textile’s surface Polytetrafluoroethylene (PTFE)

Flame retardancy

Reduce flammability and increase ability to

self-extinguish Phosphorus-containing polymers

Anti-static

Reduce the build of static electricity on the

surface of the textile Conductive polymers

Antimicrobial

Inhibit the growth of bacteria, fungi, and rot,

and excite ador control Polypyrrole, polythiophene, polyaniline

Abrasion resistance

Improve textile surface to resist abrasion

and extend lifespan Polyurethane (PU), epoxy

Improvement of tear strength, abrasion and Silicone polymers, PE emulsions,

Softening wrinkle resistance, and stretch recovery, and o
. ) . cationic polymers
avoidance of shrinkage reduction
Antipilling Reduce the friction between fibers, in turn ~ Acrylic polymers, quaternary

minimizing pilling ammonium compounds

Wrinkle resistance

Aids in the retention of fiber shape,

reducing the need for ironing Polydimethylsiloxane, polyvinyl acetate

Moisture management

Wicking is seen in athletic and outdoor

clothing PE glycol

UV protectant

Absorption or reflection of harmful UV
radiation aiding in the prevention of skin
damage and sunburning

Acrylics, PEs, epoxies

Formaldehyde, a known human carcinogen, was investigated to determine the pres-
ence of the chemical in eco-friendly clothing in addition to washed and unwashed con-
ditions [40,41]. Surprisingly, the study found higher concentrations of the chemical in
eco-friendly clothing than in non-eco-friendly options made up of synthetic or synthetic
blend fibers, but this was only the case for undergarments. This brings greenwashing into
the picture, a deceptive practice within, but not limited to, the fashion industry whereby
brands frame their identities to be sustainable, hiding non-sustainable practices in company
supply chains. A study explored dermal exposure to three vulnerable groups, pregnant
women, babies, and toddlers, among which they found babies to be exposed to the highest
amount of formaldehyde. The study makes it a point to note that clothing containing other
chemicals increases health risks, but no detectable amounts of formaldehyde were found in
washed clothing, which is an excellent practice for consumers to protect their dermis from
exposure in their clothing [40].

Chemicals involved in the finishing of garments include antimony (Sb), aluminum (Al),
zinc (Zn), cadmium (Cd), tin (Sn), arsenic (As), lead (Pb), titanium (Ti), and other chemicals
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that can all have adverse bodily reactions [38,43]. In terms of use in flame retardancy, Sb,
Al, and Zn are used and later mentioned to have harmful effects [38]. As for UV stabilizers,
Cd, Sn, Pb, and Ti are involved [38,43,44]. Specifically discussing Pb, a study investigated
the blood lead levels concerning major depressive disorder, panic disorder, and generalized
anxiety disorder [44]. The results showed that in young adults, higher blood lead levels
were associated with increased odds of major depression and panic disorders, and the
study made it a point to note that exposure to lead levels generally considered safe could
result in adverse mental health outcomes [25,44]. Within the sustainability conversation,
working rights and ethical regulations for employees are often glazed over. The results of a
multitude of studies beg further investigation on the impacts these chemicals are having
on finishing and garment laborers [25,38,44].

Hydrophobic surfaces are highly valued when producing fabrics for end-use: outdoor
gear, protective gear, sportswear, stain-resistant garments, and rain gear [2]. PE is the
most common polymer used for hydrophobic finishing surfaces, but this polymer and
the release of NPs generated can have potential health impacts on nutrient digestion
and absorption [36]. With studies mentioned in [36], the consensus moving forward
with the results is to first make alterations to the design and production components of
fabrics by using natural fibers, finding alternative manufacturing processes, and utilizing a
pre-washing procedure at the textile manufacturing center. In addition to the suggested
design and production changes, it is also stated that replacing polymeric finishes with
biodegradable finishes could be highly beneficial to the environment and human health.
The manufacturing and production suggestions also involve the disposal processing of
textiles and clothing as it is necessary to have better textile management, wastewater
treatment, wastewater treatment sludge, and removal of MPs from the environment [36].

Another key factor is the chemicals used in the finishing and dyeing of both cellulosic
and synthetic fibers. As previously noted, finishes can range from crease recovery and
water repellency to flame retardancy and antimicrobial, all of which significantly reduce
the biodegradability of textile fibers and can further contaminate the environment [19,45].
Most dyes, pigments, chemicals, and other components of finishes and dyes for textiles
and garments have mutagenic potential, which can damage DNA [46,47]. MPs have been
shown to possess a Trojan Horse ability whereby they carry pollutants such as endocrine-
disrupting chemicals (EDCs), heavy metals, and neurologically impacting chemicals into
the body [4,48].

The methods of reducing MPs and NPs in the environment and human bodily systems
are important moving forward for the fashion industry and its consumers, as NPs have
been identified as posing several risks to humans and ecology [22,36,46]. Although the
toxicity of NPs has not even begun to be fully explored, they are widely detected in the food
chain and environment, suggesting the hazardous nature of this pollutant. Findings show
that cell internalization and impacts on intracellular systems are both hazardous qualities
NPs have shown to possess [22]. There are many challenges to studying the impacts of
NPs, such as difficulty in detecting NPs, elimination of pollutants, recycling procedures,
and aged NPs and their subsequent effects.

4. Production of Microplastics and Nanoplastics by Consumers

Domestic laundering releases around half a million tons of MPs and NPs into wastew-
ater systems yearly, equivalent to almost three billion polyester shirts [37]. The primary
source of MPs in aquatic environments is directly connected to microfibers in the wastewa-
ter released after a domestic washing cycle [49]. These synthetic MPs in sizes and dimen-
sions ranging from 1 pm to 5 mm easily pass through the sophisticated filtration systems of
urban WWTPs and are distributed into natural water systems in treated effluents [7,12].
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These MP fibers then seep into aquatic environments and affect ecosystems along coastlines
as well as inland regions. It has been estimated that upwards of 70% of plastic-based
marine pollutants are predicted to originate from inland sources, such as migrating through
rivers [12,38,50,51]. Sources have also found that MPs ingested by zooplankton could cause
increased mortality rates of the species. As ecosystems function in tandem, this increased
mortality could lead to unknown effects as zooplankton are vital, providing a link between
phytoplankton and larger predators such as fish, marine mammals, and seabirds [7,33].

During each washing cycle, finishes degrade, releasing MPs and NPs into the en-
vironment, potentially impacting human health [36,51]. During washing, two types of
effluents are produced, the first being MPs and NPs released from the coatings and the
second being the MPs and NPs from fragments of synthetic fibers which can bond with the
coatings [36,49]. Primary MPs are directly released into the environment as small plastic
particles less than 5 mm in size. This includes the fragments released during the home
laundering process. Other sources of primary MPs include cosmetics and many industrial
applications such as tires, marine coatings, and road markings. Secondary MPs are the
byproducts of plastics and/or primary MPs already present in the environment, which
can arise from numerous weathering sources [38,47]. It is important to note that cellulosic
fibers are also present in global water sources; however, they biodegrade.

Saravanja et al. (2022) reported that synthetic clothing contributes approximately
35% of the MPs to the world’s oceans, which is expected as synthetic fibers make up
upwards of 60% of global fiber consumption. Researchers investigated MP release by
comparing polyester, recycled polyester, and polyester blended garments using household
laundering practices [52]. Results confirm, despite the differences in fiber blends, that
domestic washing of textiles and garments is a widespread source of the emission of MP
fibers (MPFs) into the environment [52]. Across multiple studies, when looking into the
volume of MPs released during home laundering practices, release volume was dependent
on and influenced by factors such as type of washed garment, fiber content, type of yarns,
yarn twists, and pore size of microfibers [6,12,52]. Other factors that have been noted as
contributors to increased releases of MPs are the temperature of the wash and dry cycles,
the detergent used, and the physical characteristics, such as shear and tensile strength,
bending, and compression [6,53].

Ref. [6] quantified the release of MPs across polyester, nylon, and acrylic garments
and assessed them on three physical properties: fuzziness and pilling, tensile strength,
and elongation [6]. The physical characteristic of fuzziness and pilling was artificially
generated using friction on the fabric’s surface with a grading scale of 1 to 5 [6,54]. The
tensile strength was measured with swatches from the weft and warp directions. Wastew-
ater was also collected and analyzed to determine the quantity of MPs present after the
laundering procedure [48,55]. Results were consistent with similar studies in that the
washing procedures were repeated and progressed as seen in Figures 5 and 6 [6,54,55].
The specimens showed a decrease in the overall MPF release; however, continual washing
procedures increased the shedding of MPFs [11,12]. The total amount of MPs released
during the experiment was highest for acrylic, followed by polyester and nylon. The release
was higher for polyester and nylon during washing, while acrylic released more during
drying, as seen in Figure 5 [6,54,55]. An investigation into the possible relationship between
dryer sheets and MP fiber release is needed to better understand the scope of MPFs and
MPs released during drying. Findings indicated that fabrics with a higher yarn-breaking
strength, abrasion resistance, and flexural stiffness showed a lower tendency to pill and
produce fuzz, thus releasing fewer MPs during the mechanical process of washing and
drying [53].
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Figure 5. The mass of MPs generated during washing and drying procedures (P, N, and A represent
polyester, nylon, and acrylic; L refers to the laundering process; R-1, R-2, and R-3 correspond with
the rinsing processes; D refers to the drying process) [6,54,55].
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Figure 6. The total mass of MPs released during washing and drying [6,54,55].

Related studies investigated MPFs released from polyester and polyester blends dur-
ing domestic laundering [51,56]. In addition to the impact of MPs on the environment,
MPFs from domestic laundering wastewater can be ingested by environmental organisms
and act as contaminant transporters [56]. Many apparel manufacturers will blend polyester
with cotton to increase the value of the garment as the qualities of polyester, durability
and affordability, are enhanced by the qualities of cotton, softness and breathability [2].
When comparing MPF release from polyester—cotton, 100% polyester, and 100% acrylic
samples from domestic laundering, findings indicated that the polyester—cotton fabric
consistently shed fewer MP fibers when compared to the 100% polyester and 100% acrylic
samples [54,55,57]. Researchers estimate that over 700,000 fibers could be released from
an average wash load of 100% polyester or 100% acyclic clothing, compared to signifi-
cantly less amounts with cellulosic/synthetic blends limiting serious threats to the aquatic
environment and overall human health [57].
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MPFs released into the wastewater systems are not the only concern to researchers.
During the domestic laundering process, MPFs are also released into the air as part of the
mechanical drying process. To quantify airborne emissions of MPs from domestic laundry
dryers, researchers repeatedly washed and dried a blue polyester fleece blanket using the
normal dry program on the dryer, which operated for twenty minutes per session [42,54,58].
Findings indicated that mechanical drying is a source of MPF emission, specifically that
polyester drying emits MPs into the surrounding indoor air [59]. As inhalation is a form
of MP and NP entry into the body, airborne MP fibers from dryers should be further
investigated to explore impacts on human health as well as procedures to reduce MPF
release from domestic drying of synthetic fibers.

Beyond the physical characteristics of synthetic textiles, powder detergents contain
an inorganic component called zeolite, which increases the friction between the clothing
in the machine and increases the emission of MPs due to abrasion [47,58]. Interestingly,
using detergent acted as a catalyst for an increase in the release of MPs in the laundering
process [47]. Studies have shown that the garment-to-washing liquid ratio factors in when
looking into the volume of MPs generated. Findings explain that a higher water volume
increases the mechanical stress on garments during the washing process, contributing to
higher amounts of MPFs released [47].

Shedding involves the release of fibers from textiles due to wear, washing, and drying.
All fabrics shed, but polyester produces the most significant volume of MPFs [60]. Findings
showed that loosely knitted textiles shed more, especially when worn, and that highly
twisted yarns are more effective in reducing shed [60]. The degree of shedding and
the potential harm of the MPFs released must be acknowledged, particularly regarding
synthetics and their finishes, which often contain harmful chemicals [61].

Although laundering has traditionally been considered a primary source of MP emis-
sion from textiles, textile-to-textile abrasion during wear has been shown to release over
10 times more MPs and fibrils than washing alone. Fibrils are produced when MP fibers
fragment, forming small thread-like plastic particles. A study that examined synthetic
textiles, specifically 12 polyester textiles, found that one gram of textile released between
4900 and 640,000 MPFs and 0 to 350,000 fibrils [62]. The average ratio of fibrils to MPs was
0.8. The formation of pilling on the textile’s surface was identified as a key indicator of
MP and fibril release [62,63]. Pilling is commonly observed in cotton, polyester, nylon, and
acrylic fabrics, as well as their blends.

Typically, microplastics (MPs) range from 5 millimeters (mm) to 1 micrometer (um),
but nanoparticles (NPs) are even smaller—less than 1 micrometer (um) [3]. Nanoparticles—
whether engineered for specific functions or naturally occurring in the environment—
can impart desirable properties to products due to their unique surface characteristics,
often in a cost-effective way [64]. In textiles, NPs are used to enhance performance. For
instance, because synthetic fibers such as polyamide and polyester are highly flammable,
nanoparticles are often applied as fabric finishes to mitigate this trait [64,65]. However,
the emergence of NPs in the environment raises new concerns about their toxicity and
long-term impact.

Fabric finishes are an essential component of synthetic textiles and can range from
antimicrobial to UV stabilizers, but these often contain harmful chemicals like phthalates
and polyfluoroalkyl substances (PFASs) [61,66]. PFASs are a large class of manufactured
chemicals known for their heat, grease, and water resistance, making them ideal for
finishing textiles with specific functions [67]. When textiles experience mechanical stress
from wash or wear, fibers rub against each other, causing friction that leads to the breaking
and release of tiny particles less than 500 um in length [66].
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To limit MP release, researchers have explored filtration improvements in washing
machines to prevent MPF entry into sewage systems. However, these solutions often
overlook fiber release due to wear and friction. One promising development involves
applying a low-friction coating to polyester and nylon fabrics. Tests showed that coated
fabrics, after five one-hour wash cycles at 104 °F, released 84-96% fewer MPs [61,60].
Despite this success, environmental experts caution that the use of PFASs in these coatings
still poses ecological threats [33,66].

5. Discussion

Despite increasing evidence of global environmental degradation, climate- and fashion-
related waste research remains underfunded and underprioritized. While public discourse
may be divided on climate change, the proliferation of waste—especially from the fashion
industry—is a visible and measurable crisis. Landfills are overwhelmed, natural fibers
fail to biodegrade due to compaction, and synthetic fabrics add to toxic buildup through
chemical leaching and greenhouse gas emissions during decomposition or incineration [68].
These issues demand innovative interventions in textile waste management, including the
potential development of wastewater treatment systems for synthetic textiles to capture
and process MPFs before they enter aquatic ecosystems.

Laundering and textile abrasion are leading sources of MPF pollution, with estimates
suggesting that over 500,000 tons of MPFs are released into aquatic environments annu-
ally [63]. Although wastewater treatment plants (WWTPs) can filter out some MPs, they
are not designed to handle this scale or type of pollutant. Additionally, abrasion during
wear can release more than ten times the MP volume of laundering alone, especially in
synthetic fabrics prone to pilling [63].

Textile characteristics such as fiber type, knit structure, and yarn twist influence the
degree of shedding, with polyester shedding the most during washing and acrylic during
drying [6,60]. The problem is compounded by the use of powder detergents containing
zeolite, which increases mechanical friction and MPF release [47]. Airborne emissions from
dryers, though understudied, are an emerging concern, particularly due to the potential
for MP inhalation [42]. These airborne pathways need further investigation, especially for
commonly used synthetic fabrics such as nylon, acrylic, and polyester.

Fabric finishes designed to improve functionality—such as antimicrobial coatings, UV
resistance, or flame retardancy—often contain substances like PFASs and phthalates. These
chemicals contribute to environmental toxicity and present risks to human health through
dermal exposure or particulate release during laundering and wear. While low-friction
textile coatings have shown promise in reducing MPF shedding, the trade-off of introducing
other harmful compounds must be carefully evaluated [66].

Broader environmental factors, such as rising global temperatures and increased UV
radiation, accelerate the degradation of plastics into NPs, increasing their bioavailability
and toxicity [3,38,58]. Ocean salinity changes due to warming and evaporation further
complicate the potential uptake of MPs and NPs by marine species. These interactions
represent critical gaps in current research and could have cascading impacts on biodiversity
and human health.

Ultimately, addressing this systemic problem requires a fundamental shift in how the
fashion industry engages with sustainability. From investing in regenerative materials
and localizing waste treatment to rethinking overproduction, fashion must take responsi-
bility for its environmental impact. Similarly, consumers must be supported in adopting
circular practices such as buying second-hand, upcycling, reducing consumption, and
exchanging goods between each other. The relationship between overproduction, overcon-
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sumption, and environmental harm is not just a matter of industry ethics—it is a global
health imperative.

6. Conclusions and Research Outlook

This review consolidates current research on the environmental and human health im-
pacts of microplastic fibers (MPFs), microplastics (MPs), and nanoplastics (NPs) originating
from the production, use, and disposal of synthetic textiles. It is evident that the fashion
industry, particularly through the widespread use of polyester, nylon, acrylic, and blended
synthetic fabrics, is a significant contributor to particulate plastic pollution. Laundering,
textile-to-textile abrasion, and chemical finishing treatments further exacerbate the release
and fragmentation of these particles, which are increasingly found in both environmental
systems and human biological tissues.

Key findings emphasize the inadequacy of current waste management and water
treatment systems to mitigate the release and accumulation of MPs, MPFs, and NPs.
Additionally, the chemical complexity of textile coatings—many of which include harmful
substances such as PFASs, phthalates, and heavy metals—introduces further ecological and
physiological risks. With documented evidence of MPs in blood, placenta, and vital organs,
and a growing understanding of their potential to bioaccumulate and disrupt immune and
endocrine function, the urgency for reform is clear.

Looking forward, several areas require immediate attention. These include the devel-
opment of pre-consumer interventions such as pre-washing systems and fiber-engineering
solutions to reduce shedding, as well as the replacement of polymeric finishes with
biodegradable alternatives. Research must also address the knowledge gap surround-
ing airborne MPF emissions from domestic drying and their implications for indoor air
quality. The interaction between MPs and environmental variables such as temperature
and salinity also presents a critical avenue for future study, particularly in the context of
climate change and marine biodiversity.

To mitigate the multifaceted consequences of particulate plastic pollution, the fashion
industry must adopt systemic reforms grounded in sustainability, material innovation, and
transparency. Equally, consumers must be prepared to shift toward circular consumption
models. Continued interdisciplinary collaboration across fashion, environmental science,
public health, and engineering will be essential in advancing the understanding and
resolution of this global issue.

As the discovery of MPFs, MPs, and NPs is relatively nascent, along with corre-
sponding research, this offers the opportunity for a dedicated field of study examining the
relationship between textile and fashion consumerism, environmental impacts, and bodily
harm. Preliminary studies have investigated the possibility of a number of solutions aimed
at mitigating future pollution: firstly, regenerative agriculture, which involves utilizing
cotton fibers and fabric waste to develop agricultural applications for crop maintenance
and production [65]. Secondly is the gasification of MPs, MPFs, and NPs gathered from
WWTPs, but there are only two current investigations into this possibility [69]. This so-
lution, however, would involve a specific collection system for the separation of plastic
pollutants from water, requiring large investigations to produce logistical solutions.

Other avenues to explore would be to work with other forms of waste disposal such
as the meat packing industry to use leathers and skins that are designated for disposal,
creating a feedback loop for the leather and skins sector of the fashion industry. Appli-
cations in mushrooms, seaweed, and algae could provide interesting advancements in
both fabrication and finishing of textiles. Additionally, the continual evolution of recycling
polyester and other synthetic fibers, if more efficient and widespread, could also create a
fashion feedback loop whereby production coincides with reprocessing into another textile.
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Lastly, the industry itself, along with consumers, must acknowledge and accept that not
only is the supply chain timeline far too fast, resulting in overproduction, but that this haste
has compromised the quality of the textiles and garments, massively decreasing the textile’s
lifecycle. If the focal point of the fashion industry, across price and product classifications,
was on quality and sustainability, likely, overproduction, overconsumption, and pollution
would all decrease.

From reviewing sources pertaining to the subject of this review, beyond the concern of
the impacts of the particulate pollutants produced from synthetic textiles, is the opportunity
to innovate for the fashion industry. It is vital to move forward with an interdisciplinary
approach to fully eradicate the plastic pollutant crisis. Creativity and ingenuity are some of
humanity’s redeeming qualities, and with the ever expanding scientific, technological, and
design-focused advancements, the future of fashion, if it adopts bio-technology, could lead
to new applications and discoveries outside of the main vein of the industry. The current
research compiled for this review highlights that a cascade of innovations throughout the
supply chain are necessary for the fashion industry to repair the harm it has set in motion
and to ensure that the future industry is transparent, sustainable, and ethical above all else.
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Abbreviations

The following abbreviations are used in this manuscript:

MPs Microplastics
MPFs Microplastic fibers
NPs Nanoplastics

PA Polyamide
PC Polycarbonate
PE Polyethylene

PET Polyethylene terephthalate
PFAS Polymethyl methacrylate

PP Polypropylene

PS Polystyrene

PU Polyurethane
PVC Polyvinyl chloride
uv Ultraviolet

WWTP  Wastewater treatment plant
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