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Microfibres from textiles — a key source of microplastics to

the environment

Fate, effects, and mitigation strategies

Introduction

Microplastics are small pieces of plastic (longest
dimension = 5 mm). They are widely distributed
in the environment, with evidence of harm at
multiple levels of biological organisation®2.
Microplastics originate from multiple sources;
subdivided as primary microplastics, which are
manufactured to be < 5 mm, including:
preproduction pellets® and particles that are
intentionally added to products such as paints?,
household and industrial cleaning products, and
cosmetics. Secondary microplastics are
generated by the wear of larger items including
tyres®, textiles® and plastic debris. It is estimated
that 12.7 million tonnes of microplastics enter the
environment annually’. They are persistent and
cannot effectively be removed, hence,
interventions to minimise releases are key.

This document focuses on microfibres from
textiles, which are estimated to account for an
annual release of 1.02 million tonnes of
microplastic to the environment’.

Figure 1. Microfibres visualised under a microscope.

Microfibres are fibres with a diameter of = 5 mm.
Fibres are released from textiles (natural, semi-
synthetic and synthetic) during their entire life
cycle (from production, to use and disposal).

Traditionally, textile fibres were produced from
natural plant materials (e.g., cotton, linen) and
animal materials (e.g., wool, silk). Other materials
are semi-synthetic such as regenerated cellulo-
se (e.g. viscose), or artificial fibres (e.g. polyes-
ter). Today the vast majority of textile fibres are
synthetic or semi-synthetic, and the market is
dominated by polyester (polyethylene terephtha-
late, PET), followed by nylon (polyamide, PA) and
acrylic (polyacrylonitrile, PAN) which are often
present as copolymers, amongst others®. In
other words, the majority of textile fibres are pla-
stics. Synthetic fibres have dominated the fibre
market since the mid-1990s. At around 91.0 milli-
on tonnes, this fibre category comprised appro-
ximately 69% of global fibre production in 2024°.
Further, thousands of chemicals are used in pro-
duction of textile fibres (natural, semi-synthetic
and synthetic)™.

Sources and pathways

Microfibres from textiles are a key source of micro-
plastics (MPs) in air, soil, food, and water"2, Due
to their low density, they are easily transported
across large distances by air or water™™, Micro-
fibre shedding (Figure 1) occurs throughout the
whole life cycle of textile products, from manu-
facturing to use, recycling and disposal.

Substantial shedding occurs during laundering, a
typical load of washing has been estimated to
release over 9 million microfibres™. Mechanical
dryers may release even more per load, particu-
larly those that vent externally'™. The quantities
of microfibres released while wearing a garment
are similar to those released during machine-wa-
shing”. Many of the world's population do not
have access to washing machines and microfi-
bres are also readily released during handwa-
shing, often in rivers and streams™. In addition,
it has been estimated that annually
63,000-430,000 tonnes of microplastic are added
to farmlands in Europe through the application of
biosolids from WWTPs™. Upstream interventions
will be essential to address these multiple
pathways to the environment.
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Impacts

The majority of wastewater treatment plants are
unable to remove microfibres completely from
treated effluent. Some microfibres are
discharged to the aquatic environment in waste-
water, but the majority are retained in sludge,
which in many countries is applied as a fertiliser
in agricultural settings, turning a water pollutant
into a soil pollutant?°. It is also important to
acknowledge that on average, while high income
countries treat approximately 70% of municipal
and industrial wastewater generated, this figure
falls to around 38% in middle and lower middle-
income countries, with only 8%
treated in low-income nations?'.

Microfibres can affect soil health by impacting the
soil microbiome, water dynamics, and ecosystem
engineers such as earthworms,??22 and they have
deleterious effects on invertebrates such as
causing reduced growth or oxidative stress?4.
Evidence suggests that compared to other
shapes, microfibres can more easily move from
an animal’s gut to other tissues and may be more
difficult to excrete?. Under environmentally
relevant exposure scenarios, aquatic organisms
ingesting microfibres suffered deleterious effects
on survival, reproduction, and embryo develop-
ment?¢ and microfibres may also have greater
toxicity than other microplastics?722,

Chemical treatments, dyes and finishes added to
all fibres may reduce their biodegradability?®, and
microfibers can also contain toxic chemicals, such
as bisphenols®°. Further, despite being made
from cellulosic material, semi-synthetic microfi-
bres are found in high quantities in the environ-
ment and also have ecotoxicological effects32:33,
Moreover, the production of these fibres requires
land use, substantial energy, water consumption,
and generates CO2 emissions3“.

Potential interventions

The complexity of microfibre sources and
pathways to the environment calls for a focus on
upstream interventions®. These include reducing
production and changing the way textiles are
designed. Annual textile production is predicted
to reach 169 million tonnes by 20309, in addition
the global fashion industry accounts for 8-10%
of global CO2 emissions and generates over 92
million tonnes of waste?®4. Thus, reducing textile
production would result in multiple environmental
benefits, beyond decreasing microfibre release

alone. Considering that similar quantities of micro-
fibres are released both during wearing and
washing™, upstream measures are key to reduce
microfibre emissions and prioritising textile
features (e.g. compact structures), and manufac-
turing processes could substantially reduce
microfibre shedding throughout life in service'®2°.

Downstream solutions include using shorter and
colder washing cycles®s, installing washing
machine filters®, improving wastewater treatment
plants (WWTPs)3® and supporting infrastructure
subsidies and global programmes to improve and
increase WWTP coverage and capability, parti-
cularly in low and middle-income countries®. It
is important to note that tests indicate that some
washing machine filters are ineffective®. Hence
better design of textiles and innovation to reduce
the microfibre content in sewage sludge are
needed.

Key messages

e The global consumption of synthetic fibres
increased from a few thousand tonnes in 1940
to a predicted 169 million tonnes by 2030.

« Fibres are shed throughout the entire textile
lifecycle, from manufacturing to use (launde-
ring, drying, and wearing) and disposal. They
readily disperse via water and air due to their
lightweight nature and are transported across
large distances.

» Microfibres from textiles are a key source of
anthropogenic particles to air, soil, food, and
water.

» Microfibres can translocate from an organism'’s
gut to other tissues and may be more difficult
to excrete. Studies suggest that microfibres
may cause higher toxicity in comparison to other
microplastics.

» Substantial quantities of microfibres enter the
environment through the application of sewage-
biosolid, leading to the potential for localised
accumulation in soil and effects on terrestrial
organisms.

e Prioritising upstream interventions (yarn and
textile design and production), will be most
effective in achieving an overall reduction of
microfibre emissions.

- - ]

Scientists’ 5.
Plastics
Treaty

June 2026 2



Key sources of microplastics to the environment: Microfibres from textiles

Please cite this as: Scientists’ Coalition for an
Effective Plastics Treaty, (2026), Microfibres
from textiles - a key source of microplastics to
the environment: fate, effects, and mitigation
strategies. DOI: https://doi.org/10.5281/
zenodo.20544594

Authors: Susanne Brander, Francesca De Falco,
Winnie Courtene-Jones, Max Kelly, Judith S.
Weis, Bethanie Carney Almroth, Juan Baztan,
Conrad Sparks, and Richard C. Thompson

Reviewers: Andres H. Arias, Valentin Dettling,
Marie-France Dignac, Trisia Farrell, Natalia Grilli,
Florin-Constantin Mihai, Sabine Rech, Martin
Wagner

References

1. Thompson R. C., et al. (2024), Twenty years
of microplastic pollution research—what have
we learned? Science, 386, eadl2746, DOI:
https://doi.org/10.1126/science.adl2746

2. Scientists’ Coalition for an Effective Plastics
Treaty (2024), Policy Brief: Addressing
Microplastic Pollution via the Global Plastic
Treaty. DOI: https://doi.org/10.5281/
zenodo.13332873

3. Scientists’ Coalition for an Effective Plastics
Treaty (2024), Plastic Pellets, Powders and
flakes - a key source of microplastics to the
environment: Fate, effects, and mitigation
strategies, DOI: https://doi.org/10.5281/
zenodo.20544611

4. Scientists’ Coalition for an Effective Plastics
Treaty, (2024), Paint - A key source of
microplastics to the environment: Fate, effects
and mitigation strategies. DOI: https://doi.org/
10.5281/zen0do0.20544299

5. Scientists' Coalition for an Effective Plastics
Treaty (2024), Intentionally added plastics in
personal care products - a key source of
microplastics to the environment: Fate, effects
and mitigation strategies. DOI: https://doi.org/
10.5281/zeno0do0.20544650

6. Scientists’' Coalition for an Effective Plastics
Treaty, (2024), Vehicle tyres — A key source of
microplastics to the environment: Fate, effects,
and mitigation strategies. DOI: https://doi.org/
10.5281/zeno0do.20544502

7. Earth Action, (2023), Leakage of
microplastics into oceans and land. https://
www.e-a.earth/wp-content/uploads/
2024/03/EA_2023_Update_Primary_
Microplastics_2024_03_11-1.pdf

8. Granek, E.F., et al., (2022), Clothes
Encounters of the Microfibre Kind. In: Polluting
Textiles. Routledge, 63-99, DOI: https://doi.
org/10.4324/9781003165385

9. Textile Exchange. (2025), Materials Market
Report. Retrieved from https://textileexchange.
org/app/uploads/2025/09/Materials-Market-
Report-2025.pdf

10. Wagner, M., et al., (2024), State of the
science on plastic chemicals - Identifying and
addressing chemicals and polymers of concern,
DOI: https://zenodo.org/records/10701706

11. Burns, E., Boxall, A. (2018), Microplastics in
the aquatic environment: Evidence for or
against adverse impacts and major knowledge
gaps. Environ. Toxicol. Chem 37, 2776-2796,
DOI: https://doi.org/10.1002/etc.4268

12. Stone, C., et al. (2020), Natural or synthetic-
how global trends in textile usage threaten
freshwater environments. Sci. Total Environ.
718, 134689, DOI: https://doi.org/10.1016/].
scitotenv.2019.134689

13. Jamieson, A.J., et al. (2019), Microplastics
and synthetic particles ingested by deep-sea
amphipods in six of the deepest ecosystems on
earth. R. Soc. Open Sci. 6, 180667, DOI: https://
doi.org/10.1098/rs0s.180667

14. Ross, P.S., et al. (2021), Pervasive
distribution of polyester fibres in the Arctic
Ocean is driven by Atlantic inputs. Nat.
Commun. 12, 106, DOI: https://doi.org/10.1038/
s41467-020-20347-1

15. Napper, |.E. and Thompson R. C. (2016),
Release of synthetic microplastic plastic fibers
from domestic washing machines: Effects of
fabric type and washing conditions. Mar. Poll.
Bull 112, 39-45, DOI: https://doi.org/10.1016/j.
marpolbul.2016.09.025

16. Kapp, K. and Miller, R. (2020), Electric
clothes dryers: An underestimated source of
microfiber pollution. PLoS ONE 15, e0239165.
DOI: https://doi.org/10.1371/journal.
pone.0239165

- - LI

Scientists’ 5.
Plastics
Treaty

June 2026 3


https://doi.org/10.5281/zenodo.20544594
https://doi.org/10.5281/zenodo.20544594
https://doi.org/10.1126/science.adl2746
https://doi.org/10.5281/zenodo.13332873
https://doi.org/10.5281/zenodo.13332873
https://doi.org/10.5281/zenodo.20544611
https://doi.org/10.5281/zenodo.20544611
https://doi.org/10.5281/zenodo.20544299
https://doi.org/10.5281/zenodo.20544299
https://doi.org/10.5281/zenodo.20544502
https://doi.org/10.5281/zenodo.20544650
https://doi.org/10.5281/zenodo.20544650
https://doi.org/10.5281/zenodo.20544502
https://doi.org/10.5281/zenodo.20544502
https://www.e-a.earth/wp-content/uploads/2024/03/EA_2023_Update_Primary_Microplastics_2024_03_11-1.pdf
https://www.e-a.earth/wp-content/uploads/2024/03/EA_2023_Update_Primary_Microplastics_2024_03_11-1.pdf
https://www.e-a.earth/wp-content/uploads/2024/03/EA_2023_Update_Primary_Microplastics_2024_03_11-1.pdf
https://www.e-a.earth/wp-content/uploads/2024/03/EA_2023_Update_Primary_Microplastics_2024_03_11-1.pdf
https://doi.org/10.4324/9781003165385
https://doi.org/10.4324/9781003165385
https://textileexchange.org/app/uploads/2025/09/Materials-Market-Report-2025.pdf
https://textileexchange.org/app/uploads/2025/09/Materials-Market-Report-2025.pdf
https://textileexchange.org/app/uploads/2025/09/Materials-Market-Report-2025.pdf
https://zenodo.org/records/10701706
https://doi.org/10.1002/etc.4268
https://doi.org/10.1016/j.scitotenv.2019.134689
https://doi.org/10.1016/j.scitotenv.2019.134689
https://doi.org/10.1098/rsos.180667
https://doi.org/10.1098/rsos.180667
https://doi.org/10.1038/s41467-020-20347-1
https://doi.org/10.1038/s41467-020-20347-1
https://doi.org/10.1016/j.marpolbul.2016.09.025
https://doi.org/10.1016/j.marpolbul.2016.09.025
https://doi.org/10.1371/journal.pone.0239165
https://doi.org/10.1371/journal.pone.0239165
https://doi.org/10.5281/zenodo.20544611
https://doi.org/10.5281/zenodo.20544502
https://www.e-a.earth/wp-content/uploads/2024/03/EA_2023_Update_Primary_Microplastics_2024_03_11-1.pdf
https://doi.org/10.4324/9781003165385
https://textileexchange.org/app/uploads/2025/09/Materials-Market-Report-2025.pdf
https://zenodo.org/records/10701706
https://doi.org/10.1002/etc.4268
https://doi.org/10.1016/j.scitotenv.2019.134689
https://doi.org/10.1098/rsos.180667
https://doi.org/10.1038/s41467-020-20347-1
https://doi.org/10.1016/j.marpolbul.2016.09.025

Key sources of microplastics to the environment: Microfibres from textiles

17. De Falco, F., et al. (2020), Microfiber release
to water, via laundering, and to air, via everyday
use: a comparison between polyester clothing
with differing textile parameters. Environ. Sci.
Technol. 54, 3288-3296, DOI: https://doi.org/
10.1021/acs.est.9b06892

18. Wang, C., et al. (2023), Microplastic Fiber
Release by Laundry: A Comparative Study of
Hand-Washing and Machine-Washing. ES&T
Water. 3, 147-155, DOI: https://doi.org/10.1021/
acsestwater.2c00462

19. Nizzetto, L., Futter, M., Langaas, S., (2016)
Are agricultural soils dumps for microplastics of
urban origin? ES&T, 50, 10777-10779, https://
doi.org/10.1021/acs.est.6b04140

20. Geyer, R., et al. (2022), Quantity and fate of
synthetic microfiber emissions from apparel
washing in California and strategies for their
reduction. Env. Poll. 298, 118835, DOI: https://
doi.org/10.1016/j.envpol.2022.118835

21. UNESCO (2017), The United Nations World
Water Development Report 2017, Wastewater:
The Untapped Resource. Paris, https://www.
unesco.org/en/wwap/wwdr/2017

22. Boots, B., et al. (2019), Effects of
microplastics in soil ecosystems: above and
below ground. Environ. Sci. Technol. 53,
11496-11506, DOI: https://doi.org/10.1021/acs.
est.9b03304

23. Lozano, Y., et al., (2021), Microplastic
shape, polymer Type, and concentration affect
soil properties and plant biomass. Front. Plant
Sci. 12, 616646, DOI: https://doi.org/10.3389/
fpls.2021.616645

24. Selonen, S., et al., (2020), Exploring the
impacts of plastics in soil — The effects of
polyester textile fibers on soil invertebrates. Sci
Total Environ. 700, 134451, DOI: https://doi.org/
10.1016/j.scitotenv.2019.134451

25. Mcllwraith, H.K., et al., (2021), Evidence of
Microplastic Translocation in Wild-Caught Fish
and Implications for Microplastic Accumulation
Dynamics in Food Webs. Environ. Sci. Technol.
55,12372-12382, DOI: https://doi.org/10.1021/
acs.est.1c02922

26. Horn, D.A., et al., (2020), Effects of
environmentally relevant concentrations of
microplastic fibers on Pacific mole crab
(Emerita analoga) mortality and reproduction.
Limnol. Oceanogr. Lett., 5, 74-83, DOI: https://
doi.org/10.1002/1012.10137

27. Qiao, R., et al., (2019), Accumulation of
different shapes of microplastics initiates
intestinal injury and gut microbiota dysbiosis in
the gut of zebrafish. Chemosphere 236,
124334, DOI: https://doi.org/10.1016/j.
chemosphere.2019.07.065

28. Stienbarger, C.D., et al., (2021), Direct
ingestion, trophic transfer, and physiological
effects of microplastics in the early life stages
of Centropristis striata, a commercially and
recreationally valuable fishery species. Env.
Poll. 285, 117653, DOI: https://doi.org/10.1016/].
envpol.2021.117653

29. Weis, J.S. and De Falco, F. (2022),
Microfibers: Environmental problems and textile
solutions. Microplastics 1, 626-639, DOI: https:/
/doi.org/10.3390/microplastics1040043

30. Freire, C., et al., (2019) Concentrations of
bisphenol A and parabens in socks for infants
and young children in Spain and their hormone-
like activities. Environ. Int. 127, 592-600, DOI:
https://doi.org/10.1016/j.envint.2019.04.013

31. Stanton, T., et al., (2023), Shedding off-the-
grid: The role of garment manufacturing and
textile care in global microfibre pollution. J.
Clean. Prod. 428, 139391, DOI: https://doi.org/
10.1016/j.jclepro.2023.139391

32. Kim, D., H. Kim, and Y.-J. An, (2021), Effects
of synthetic and natural microfibers on Daphnia
magna-Are they dependent on microfiber type?
Aquat. Toxicol. 240, 105968, DOI: https://doi.
org/10.1016/j.aquatox.2021.105968

33. Courtene-Jones, W., et al., (2024) Are
biobased microfibres less harmful than
conventional plastic microfibres: Evidence from
earthworms, ES&T. 58, 46, p. 20366-20377,
DOI: https://doi.org/10.1021/acs.est.4c05856

34. Niinimaki, K., et al., (2020), The
environmental price of fast fashion. Nat. Rev.
Earth Environ. 1, 189-200, DOI: https://doi.org/
10.1038/s43017-020-0039-9

35. OECD, (2021), Policies to Reduce
Microplastics Pollution in Water: Focus on
Textiles and Tyres, OECD Publishing, Paris, DOI:
https://doi.org/10.1787/7ec7e5ef-en

36. Kelly, M.R., et al., Importance of Water-
Volume on the Release of Microplastic Fibers
from Laundry. Environ. Sci. Technol. 53,
173511744 (2019). DOI: https://doi.org/10.1021/
acs.est.9b03022

- - LI

Scientists’ 5.
Plastics
Treaty

June 2026 4


https://doi.org/10.1021/acs.est.9b06892
https://doi.org/10.1021/acs.est.9b06892
https://doi.org/10.1021/acsestwater.2c00462
https://doi.org/10.1021/acsestwater.2c00462
https://doi.org/10.1021/acs.est.6b04140
https://doi.org/10.1021/acs.est.6b04140
https://doi.org/10.1016/j.envpol.2022.118835
https://doi.org/10.1016/j.envpol.2022.118835
https://www.unesco.org/en/wwap/wwdr/2017
https://www.unesco.org/en/wwap/wwdr/2017
https://doi.org/10.1021/acs.est.9b03304
https://doi.org/10.1021/acs.est.9b03304
https://doi.org/10.3389/fpls.2021.616645
https://doi.org/10.3389/fpls.2021.616645
https://doi.org/10.1016/j.scitotenv.2019.134451
https://doi.org/10.1016/j.scitotenv.2019.134451
https://doi.org/10.1021/acs.est.1c02922
https://doi.org/10.1021/acs.est.1c02922
https://doi.org/10.1002/lol2.10137
https://doi.org/10.1002/lol2.10137
https://doi.org/10.1016/j.chemosphere.2019.07.065
https://doi.org/10.1016/j.chemosphere.2019.07.065
https://doi.org/10.1016/j.envpol.2021.117653
https://doi.org/10.1016/j.envpol.2021.117653
https://doi.org/10.3390/microplastics1040043
https://doi.org/10.3390/microplastics1040043
https://doi.org/10.1016/j.envint.2019.04.013
https://doi.org/10.1016/j.jclepro.2023.139391
https://doi.org/10.1016/j.jclepro.2023.139391
https://doi.org/10.1016/j.aquatox.2021.105968
https://doi.org/10.1016/j.aquatox.2021.105968
https://doi.org/10.1021/acs.est.4c05856
https://doi.org/10.1038/s43017-020-0039-9
https://doi.org/10.1038/s43017-020-0039-9
https://doi.org/10.1787/7ec7e5ef-en
https://doi.org/10.1021/acs.est.9b03022
https://doi.org/10.1021/acs.est.9b03022
https://doi.org/10.1021/acs.est.9b06892
https://doi.org/10.1021/acsestwater.2c00462
https://doi.org/10.1021/acs.est.6b04140
https://doi.org/10.1016/j.envpol.2022.118835
https://www.unesco.org/en/wwap/wwdr/2017
https://doi.org/10.1021/acs.est.9b03304
https://doi.org/10.3389/fpls.2021.616645
https://doi.org/10.1016/j.scitotenv.2019.134451
https://doi.org/10.1021/acs.est.1c02922
https://doi.org/10.1002/lol2.10137
https://doi.org/10.1016/j.chemosphere.2019.07.065
https://doi.org/10.1016/j.envpol.2021.117653
https://doi.org/10.3390/microplastics1040043
https://doi.org/10.1016/j.envint.2019.04.013
https://doi.org/10.1016/j.jclepro.2023.139391
https://doi.org/10.1016/j.aquatox.2021.105968
https://doi.org/10.1021/acs.est.4c05856
https://doi.org/10.1038/s43017-020-0039-9

Key sources of microplastics to the environment: Microfibres from textiles

37. Erdle, L.M., et al., (2021), Washing machine 39. Napper, I.E., A.C. Barrett, and R.C.

filters reduce microfiber emissions: evidence Thompson, (2020), The efficiency of devices
from a community-scale pilot in Parry Sound, intended to reduce microfibre release during
Ontario. Front. Mar. Sci. 8, 777865, DOI: https:/ clothes washing. Sci. Total Environ. 738,
/doi.org/10.3389/fmars.2021.777865 140412, DOI: https://doi.org/10.1016/].

scitotenv.2020.140412
38. Murphy, F., et al., (2016), Wastewater
treatment works (WwTW) as a source of
microplastics in the aquatic environment.
Environ. Sci. Technol. 50, 5800-8, DOI: https://
doi.org/10.1021/acs.est.5b05416

Scientists’ ==, June 2026

Plastics
Treaty

5


https://doi.org/10.3389/fmars.2021.777865
https://doi.org/10.3389/fmars.2021.777865
https://doi.org/10.1021/acs.est.5b05416
https://doi.org/10.1021/acs.est.5b05416
https://doi.org/10.1016/j.scitotenv.2020.140412
https://doi.org/10.1016/j.scitotenv.2020.140412
https://doi.org/10.1021/acs.est.5b05416
https://doi.org/10.1016/j.scitotenv.2020.140412

	Fig 1

