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ABOUT US

FASngN Fashion for Good unites the entire fashion ecosystem, from brands, retailers, suppliers,
innovators, and funders to collaborate and drive change towards a regenerative industry. At
D the core, Fashion for Good enables disruptive innovators on their journey to scale, providing

hands-on support, connection to capital, and access to a robust ecosystem of experts.
This work brings the most powerful innovations to market faster to create decisive system
change. Through its coalition of partners, Fashion for Good designs and executes catalytic
interventions and new ways of value creation that drive towards the right side of history as
the new economy emerges.

This transformative work is made possible by the support of Laudes Foundation, co-
founder William McDonough and corporate partners, adidas, Arvind Limited, BESTSELLER,
Birla Cellulose, C&A, CHANEL, Inditex, Kering, Levi Strauss & Co., Norrgna, ON, Otto Group,
Paradise Textiles, Patagonia, PDS Limited, PVH Corp., Reformation, Shahi Exports, Target,
Teijin Frontier, and Zalando.

The Microfibre Consortium (TMC) is a non-profit, science-led, organisation with a

vision to work towards zero impact from fibre fragmentation from textiles to the natural
environment. TMC works to connect and translate deep academic research with the reality
of commercial supply chain production. TMC’s goal is to offer solutions to brands, retailers
and manufacturers to transform textile production for the greater good of our ecosystems.
Driven by research, with industry change at its core, TMC addresses the issue of fibre
fragmentation, convening the global textiles sector to limit fibre fragmentation and fibre
fragment pollution. Through interventions in design and development and in manufacturing
TMC takes a holistic approach creating change for the whole product lifecycle.

THE SCOPE OF THIS REPORT

In early 2024, Fashion for Good and The Microfibre Consortium joined forces to address the issue of fibre
fragmentation. Building on a solid foundation of existing knowledge, this collaboration aims to investigate the key
drivers of fibre fragmentation, provide an overview of the critical gaps and identify the action required to advance
industry-wide interventions and solutions. Although fibre fragmentation is an issue that spans multiple industries,
this initiative focuses on the textile and fashion value chains, aligning with the mission of Fashion for Good and

its partners. This report provides a comprehensive overview of fibre fragmentation within the fashion and textile
industry, highlighting recent developments, critical insights, and the emerging opportunities for meaningful action.

Beyond this report, FFG and TMC have launched a homonymous project ‘Behind the Break: Exploring Fibre
Fragmentation’, a landmark study investigating the key drivers of fibre fragmentation. The project brings
together major fashion brands and manufacturers including adidas, Bestseller, C&A, Inditex, Kering, Levi
Strauss & Co., Norrona, ON, Paradise Textiles, and Positive Materials, with Under Armour joining as a project
partner. Testing will be conducted across three laboratories - Paradise Textiles, Under Armour, and IMPACT +
Network from Northumbria University—to analyse fibre fragmentation in cotton knit, cotton woven, and
polyester knit fabrics. The research aims to challenge root causes and assumptions, address data gaps, and
validate test methods. Tackling the issue at the source, this project will advance the industry knowledge
needed to mitigate fibre fragment pollution.

About Us
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ABBREVIATIONS

AATCC American Association of Textile Chemists and Colorists
ASTM American Society for Testing and Materials
C2CPII Cradle to Cradle Products Innovation Institute
CEN European Committee for Standardization

CH, Methane

CO, Carbon Dioxide

CSRD Corporate Sustainability Reporting Directive
DIA Dynamic Image Analysis

ECCC Environment and Climate Change Canada
EPR Extended Producer Responsibility

ESPR Ecodesign for Sustainable Products Regulation
ESRS European Sustainability Reporting Standards
ETP Effluent Treatment Plant

EU European Union

FFG Fashion for Good

FT-IR Fourier Transform Infrared

GCD Green Claims Directive

ISO International Organization for Standardization
LCA Life Cycle Assessment

MMCF Man-Made Cellulosic Fibre

MMF Man-Made Fibre

NFRD Non-Financial Reporting Directive

PAH Polycyclic Aromatic Hydrocarbon

PBS Poly(butylene succinate)

PCB Polychlorinated Biphenyls

PCL Polycaprolactone

PEF Product Environmental Footprint

PFAS Polyfluorinated Alkyl Compounds

PLM Polarising Light Microscopy

QCL-IR Quantum Cascade Laser Infrared

REACH Regulation on the Registration, Evaluation, Authorisation and Restriction of Chemicals
R&D Research & Development

SEM Scanning Electron Microscopy

TMC The Microfibre Consortium

TSS Total Suspended Solids

us United States

WFD Waste Framework Directive

ZDHC Zero Discharge of Hazardous Chemicals
HMm Micrometre
mm Millimetre
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KE2Y WORDS

Aerobic degradation: The breakdown of organic pollutants by microorganisms when oxygen is present.
Anthropogenic: Resulting from the influence of human beings on nature.

Bioaccumulation: The accumulation over time of a substance and especially a contaminant (such as a pesticide
or heavy metal) in a living organism.

Bioavailable: The degree and rate at which a substance is absorbed into a living system or is made available at
the site of physiological activity.

Biobased: A product wholly or partly derived from biomass, such as plants, trees or animals.
Biodegradation: Biodegradation is the breakdown of organic materials by microorganisms into simpler
substances like CO,, CH,, water, biomass, and mineral salts under under oxygen-rich or oxygen-deprived
conditions, defined by specific timeframes and environmental conditions.

Biomass: The biodegradable fraction of products, waste and residues from agriculture (including vegetal and
animal substances), forestry and related industries, as well as the biodegradable fraction of industrial and
municipal waste.

Biota: All the organisms living in a particular environment, including plants, animals, and microorganisms.

Brightfield Microscopy: Uses light to illuminate a sample placed on a glass slide and creates an image. The light
passes through the sample, and an objective magnifies the image and projects it onto an eyepiece or a camera.

Cellulose I: The primary component of natural plant fibres, the cellulose found in nature.

Cellulose II: Called regenerated cellulose, describes the cellulose prepared by precipitating the dissolved cellulose
into an aqueous medium. It is prepared using the mercerisation process, treating native cellulose in caustic soda.

Effluent Treatment Plants: A treatment facility/plant that reduces, alters, or eliminates pollutants in wastewater
discharge prior to release of the water into the environment via a combination of various treatment processes
(e.g. physical, chemical and biological). Wastewater treatment plants may be privately owned and operated by the

enterprise creating the wastewater, or they may be owned and operated by a private or public third-party.

End-of-Use: The stage where products are no longer usable or wanted, so are either discarded, recycled, or
repurposed.

Environmental Compartment: The different parts of the environments where fibre fragments can move
through, accumulate, and interact with ecosystems. These include air, water, terrestrial, and biota.

Emission: The production and discharge of something, especially gas.

Fibre: A material which is transformed into yarn (and typically into fabric and then finished products).

Key Words
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Fibre Characterisation: Microscopic and analytical techniques used to identify and evaluate the physical and
chemical properties of a fibre(s) within a sample, including composition, structure, and morphology in order to
determine its type.

Fibre Fragment: Any processed fibrous material broken from a textile structure during production, use, end-of-
use, as well as through its subsequent breakage in the natural environment.

Fibre Fragmentation: The process of fibre loss from a textile product during its life cycle and / or through its
subsequent breakage in the natural environment. This is also referred to as fibre shedding.

Fibre Loss: Quantity of fibres that unintentionally leaves a managed product or waste management system
during manufacture, consumer use/wear and end-of-use.

Fibre Release: Fractions of fibre loss that are ultimately released into different environmental compartments:
water, air, terrestrial environments.

Food Dilution: The process where ingested particles occupy space in the gut, reducing the available space for
essential digestive processes and potentially hindering proper food intake or nutrient acquisition.

Gravimetric Analysis: A class of lab techniques used to determine the mass or percentage mass of a substance
by measuring a change in mass.

GyroWash: James Heal's equipment for conducting the colour fastness test.
Hydrophobic: Water repelling

Life Cycle: Consecutive and interlinked stages of a product system, from raw material acquisition or generation
from natural resources to final disposal.

Man-Made Fibre: A material whose chemical composition, structure, and properties are significantly modified
during the manufacturing process. They can derive from synthetic or natural polymers.

Membrane Filtration: Filtration process that uses a selective barrier, called a membrane, to separate particles
based on their size, allowing smaller molecules to pass through while retaining larger ones.

Mechanism of Toxicity: Describe how the exposure of the chemical and physical properties of a toxicant leads
to adverse effects in an organism.

Microscope: An instrument that makes an enlarged image of a small object, thus revealing details too small to
be seen by the unaided eye.

Morphology: In biology, the study of the size, shape, and structure of animals, plants, and microorganisms and
of the relationships of their constituent parts.

Nanoparticle: Ultrafine nano-object with all external dimensions in the nanoscale (nm; 1 nm = 10-9 metre)
where the lengths of the longest and the shortest axes of the nano-object do not differ significantly.

Natural Fibre: A material that is produced by geological processes, or from the bodies of plants or animals.
Examples include cotton, wool, silk, and flax.

Key Words
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|
Oxidative Stress: A condition that may occur when there are too many unstable molecules called free radicals
in the body and not enough antioxidants to get rid of them. This can lead to cell and tissue damage.

Pathway: A route by which fibres are released to the environment following loss from a textile product.
Different types of transfer pathways lead from loss to release. For example, wastewater, air or soil.

Polarising Light Microscopy: A technique which employs the use of polarising filters to obtain substantial
optical property information about the material which is being observed.

Processed Fibre: Any fibre which undergoes some form of chemical or mechanical processing to be used for
the fashion and textile industry. This includes natural fibres which are mechanically or chemically processed
from their raw unprocessed within the environment, as well as Man-Made fibres derived from synthetic or

natural polymers.

Raw Fibre: Textile fibres, as cotton or wool, or textile filaments, as silk or nylon, that have received no
manipulation or treatment.

Root Cause: Determination of the variables that cause unintentional fibre loss and could be addressed through
process improvement of material design and development to prevent it occurring during manufacture, use or
end-of-use.

Secondary Clarifiers: Filtration process in which microorganisms and solids from treated wastewater settle at
the bottom, forming activated sludge. The clarified water is then returned to the aeration tank with the cycle
repeating until the effluent is clean before sent for filtration and/or disinfection. Waste sludge is removed and
thickened prior to the digestion process.

Shedding: The process by which textile fibres are unintentionally lost from a textile. Also referred to as (fibre) loss.
Softener: A finishing agent that when applied to textile material improves its handle giving a pleasing touch.

Source: The origin of fibre fragments, including manufacturing, consumer use and end-of-use stages.

Synthetic Fibre: A Man-Made Fibre derived from fossil-fuels. Examples include polyester, polyethylene, acrylic,
and elastane.

Terrestrial Environment: Covers the soil and soil/air interface and the associated biological communities.
Total Suspended Solids: A measure of the suspended solids in wastewater, effluent, or water bodies.

Translocation: The process where organisms ingest particles, which then move from the gut into other organs,
potentially causing biological issues.

Ultrafiltration: One of membrane filtration techniques in which external hydrostatic pressure pushes a liquid
through a semipermeable membrane that is capable of removing target compounds from the bulk solution.

1dtex: The dtex number indicates how many grams a sewing thread of 10,000 m length weighs. Example 1 gram
for 10,000 meters of fibre.

Key Words
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SXECUTTVE SUMMARY

Fibre fragments are released into the environment at various stages of a textile’s lifecycle, including manufac-
turing, processing, use, and end-of-use. These fibre fragments are recognised as pollutants with proven impact
on the environment and human health. Within the fashion and textile industry, a highly effective and critical
approach to addressing fibre fragmentation is at its source by developing textiles with a lower propensity to
shed. This involves understanding the root causes of fibre shedding and using this knowledge to inform chang-
es in textile design and manufacturing. However, given the complexity of the problem, which spans the entire
lifecycle of a textile, this approach cannot address the issue in isolation. A portfolio approach is required, im-
plementing various interventions across the entire value chain, including industrial-level filtration systems and
consumer-level interventions.

While significant progress has been made to understand fibre fragment pollution, critical knowledge gaps
remain, hindering progress within the industry. Table 1 provides an overview of these gaps, which will be
expanded upon throughout the report.

Table 1: Knowledge gaps on Fibre Fragmentation

TOPICS KNOWLEDGE GAPS

Sources « Impact of drying, wearing, and environmental (UV) exposure during the use stage on
fibre loss
« Impact of diverse practices within the use stage (hand washing, dry cleaning, line
drying)

« Impact of the manufacturing and use stage on airborne fibre pollution
« Impact of end-of-use practices on fibre pollution to air, water and biota

Pathways « Airborne fibre fragments and their interaction with terrestrial environments and biota
« Connection between wastewater pathways and fibre pollution in terrestrial
environments
» Connection between indoor contamination and other subsequent environmental
compartments

Root Causes « Impact of textile design and manufacturing factors, such as yarn type, spinning
method, staple length and the various processing steps (pretreatment, dyeing,
finishing)

Biodegradation « Impact of environmental conditions within compartments where fibre fragments are
most likely to accumulate

« Impact of environmental conditions and material properties in water-based testing
(especially in marine environments)

« Impact of various mechanical and chemical processing methods on the ability of fibre
fragments to biodegrade

Toxicity « Relationship between fibre size and toxicological effects

« Impact of the by-products and nanoparticles which form during the biodegradation
process

« Understanding the mechanisms and processes that drive the toxicity of fibre
fragments, including the roles of their physical characteristics (e.g., size, shape) and
chemical properties (e.g., additives or adsorbed contaminants)

» Toxicological effects in terrestrial environments (e.g., agricultural fields) and
atmospheric exposure pathways (e.g., inhalation).

EXECUTIVE SUMMARY
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Researchers, industry stakeholders, and policymakers are actively working to address knowledge gaps,
alongside exploring solutions to mitigate fibre fragment pollution. During the research conducted in the lead-up
to this report, it became clear that across geographies and areas of expertise, it is essential to align on common
goals and directions to advance progress in all areas. This alignment is specifically critical to tackle four priority
topics, which can subsequently contribute to informing policy and the development of targeted solutions and
innovations in the space:

Test Methods: Testing driven by a clear purpose that supports the needs of those conducting the test,
ensuring the data collected is comparable and reliable across stakeholders and organisations. This approach
will lead to actionable mitigation strategies and the development of best practices.

Sources & pathways: Identifying the most significant hotspots for fibre release into different environmental
compartments, especially focusing on understudied pathways such as air and terrestrial environments. This will
enable prioritisation of research and intervention efforts.

Root Causes: Conducting targeted research to address key knowledge gaps and advance the overall
understanding of fibre fragmentation, with a focus on designing fabrics with a lower propensity to shed.

Impact: Bridging the gap between the industry and scientific community to conduct research that evaluates
the true impact of fibre fragment pollution on human health and the environment.

DEFINITION

The lack of a standardised definition in the fashion and textile industry creates ambiguity, hindering efforts
to address fibre fragmentation. The common term ‘microfibre’ clashes with existing industry terminology, which
refers to a fine synthetic yarn with a count of 1dtex or less, emphasising diameter rather than length or size.
Similarly, the term ‘microplastic’ is also widely used, but it is reductive, as it typically only applies to synthetic
particles. For this reason, this report uses the term ‘fibre fragment’ as it captures fibres which shed from all
fibre types, the fibrous structure of particles released from textiles, and reflects the action by which a fibre is
released from the main textile construction. However, the discourse extends beyond naming conventions to the
inclusion of specifications in the definition, such as size limits and the classification of sources, to distinguish
between raw, unprocessed natural fibres found in the environment, and those that undergo mechanical or
chemical processing. Many advocate for adding terms like ‘processed’ or ‘modified’ within the definition.

A clear working definition, with any relevant specifications, is essential to guide research, ensure comparability
and inform policy discussions.

EXECUTIVE SUMMARY 10
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2 How WE AIM TO CONTRIBUTE
By proposing the following working definition for the scope of the collaboration between Fashion
for Good and The Microfibre Consortium:

Fibre fragments: Any processed* fibrous material broken from a textile structure during

production, use, end-of-use, as well as through its subsequent breakage in the natural environment.
* Processed is intended to encompass fibres that have undergone any form of mechanical or chemical processing. This
includes natural fibres that are no longer in their raw, unprocessed state as found in the environment, as well as Man-

Made fibres derived from synthetic and natural polymers. See Section 1 on Definition.

£$ PROPOSED INDUSTRY ACTION
To adopt a clear overarching definition which captures all fibre types that have undergone any form
of mechanical or chemical processing within the fashion and textile value chain. To supplement
the overarching definition, it is important to include further specifications—such as size limits and
diameter thresholds—if relevant, based on the scope and purpose of the study to ensure clarity
and context. Clearly stating these are crucial to ensuring findings are communicated, understood,
and actionable.

®_0 SOURCES AND PATHWAYS

The sources and pathways of fibre fragment pollution are complex and interconnected. Despite significant
progress, there are still gaps in understanding the contributions from each source and how the fragments
travel across different environmental compartments, including water, air, and terrestrial environments.
These gaps hinder the ability to accurately assess exposure and risk, and subsequently develop effective
interventions. To address this, a lifecycle approach is essential, enabling a comprehensive evaluation of the
various pathways and timeframes involved in fibre fragmentation—from the direct release to their redistribution
into other key environmental compartments (water, air, terrestrial) and living organisms (biota):

Water: Existing research has predominantly focused on fibre fragmentation during washing, particularly
machine washing common in the Global North. Alternative washing methods, such as handwashing prevalent in
the Global South remain underexplored. Further research that includes diverse washing practices is necessary
to build a more global and comprehensive understanding of the sources and pathways of fibre fragments.

Air: Airborne fibre fragments have received comparatively less attention, despite their significant role in
pollution as they travel through environmental compartments. Addressing this knowledge gap is vital for
understanding the full extent of fibre fragment pollution.

Terrestrial: The terrestrial environment, and its connection to air, water, and biota remains largely unexplored.

Investigating how fibre fragments interact with terrestrial ecosystems at various environmental touchpoints is
essential for understanding their broader impact.

EXECUTIVE SUMMARY
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2 How WE AIM TO CONTRIBUTE
TMC is assessing the feasibility of developing a standardised test method to measure fibre
fragment pollution to air during a garment’s use stage. This work is being conducted in
collaboration with IMPACT + research team and Northumbria University and will contribute to
assessing the risks associated with airborne fibre fragments.

£$ PROPOSED INDUSTRY ACTION
Stakeholders within the fashion and textile industry, including brands and manufacturers, should
design garments that promote better practices by incorporating current knowledge on fibre
fragmentation alongside other impact metrics.

% ROOT CAUSES

Fibre fragmentation occurs across the entire textile’s lifecycle, with the textile itself serving as the ultimate
source of fibre fragments. Understanding why certain fabrics shed more than others is crucial for enabling
the development of effective interventions within textile design and manufacturing. Despite ongoing
research efforts, significant knowledge gaps persist, hindering progress. Bridging these gaps is critical, yet
several barriers exist:

Testing Methods: Existing methods are designed to assess fibre loss under simulated washing conditions using
fabric swatches to enable root cause understanding. However, these do not provide sufficient data for product-
level analysis as well as understand the shedding behaviour via atmospheric pathways.

Standardisation: The variety of methodologies and design of experiments used across the industry
complicates the generation of comparable data across studies.

Interdependence of Factors: Fabrics behave differently, and the interdependence of factors along the supply
chain (e.g., fabric construction, dyeing, finishing) makes it difficult to generalise results across fabrics. While
identifying trends to prioritise key influencing variables is essential, strategies should be informed by both
broad data and the unique characteristics of each fabric.

Balancing Commercial Needs: Research must align with industry needs, ensuring solutions do not compromise
the fabric’s overall quality, durability, or market appeal.

2 How WE AIM TO CONTRIBUTE
Behind the Break: Exploring Fibre Fragmentation, is a landmark study investigating the key drivers
of fibre fragmentation. It will test the influence of individual manufacturing factors on a fabric’s
propensity to shed, within real supply chain conditions, to cover data gaps as well as challenge
current assumptions derived from existing databases and research findings.

TMC is developing a research strategy based on the results of their root-cause analysis conducted
in 2024, to further validate findings in commercial supply chain conditions.

EXECUTIVE SUMMARY
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£+ PROPOSED INDUSTRY ACTION
Support collaborative effort to consolidate findings across key ecosystem players to identify
potential correlations between the different data sources, assess if findings are complementary,
and address any discrepancies.

Raise awareness across the industry to promote further research into the knowledge gaps within
key manufacturing stages (both mechanical and chemical), enabling the development of best
practices for textile design and manufacturing.

0
62° TEST METHODS

A range of standardised test methods are used to assess fibre fragmentation in textiles, but there is ongoing
discourse on their best-use cases and their inherent limitations. Key concerns include the depth of analysis,
data consistency, accessibility, and inability to address all sources of fibre fragments.

A fundamental consideration when employing test methods is understanding the purpose of the data
collected and how it will be utilised. Existing methods have been designed to understand root causes by
enabling fabric-to-fabric comparisons of their propensity to shed fibres, which helps identify key influencing
factors. Therefore, from an environmental and human health perspective, this data alone does not provide
information on the environmental consequences of fibre fragments within the environment. From a policy
perspective, the data is not applicable to a finished product as significant assumptions are required to
extrapolate fibre loss from a fabric swatch to an entire product. Furthermore, current test methods do not
account for fibre release into the air. From an industry perspective, the primary objective is to produce textiles
with a lower propensity to shed. While the data generated can inform this goal , there is ongoing debate
about the level of analysis required. Gravimetric analysis measures the fibre loss by weight, offering clear

and straightforward insights into shedding behaviour of fabrics. However, fabric characterisation techniques
could offer additional understanding of fibre composition, morphology, and the presence of other polymers
and additives. These contaminants, which have no relation to the true shedding behaviour of the fabric,
may skew results by contributing to the total weight of fibre discharge. Currently, the extent of this error
remains uncertain, adding a significant ‘noise’ factor to the data. To address these concerns, several steps
could be taken:

Evaluation of limitations: Assess the limitations of available test methods to clarify the best use case. Compare
data collected using different test methods to assess how the test methods can be improved or complement
each other.

Account for other key sources: Create standardised test methods that account for other key pathways, such
as air, to gain a more realistic understanding of the extent of fibre fragments released into the environment, and
subsequently develop effective mitigation interventions at key hotspots.

Standardised Testing Protocols: Establish clear testing protocols including a robust and appropriate definition
for the scope of the work. Adding, if relevant, supplementary specifications to enable consistency and

comparability of the collected data.

Accessibility: Make test methods scalable and accessible for widespread adoption across the supply chain,
driving manufacturers and brands to introduce testing protocols within their regular operations.

EXECUTIVE SUMMARY
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2 How WE AIM TO CONTRIBUTE
This Report contributes to this topic by casting light on the differences and best use cases for each
existing test method. See Chapter 4: Test Methods.

The collaborative project Behind the Break: Exploring Fibre Fragmentation will generate data
stemming from the testing of various fabric archetypes, leveraging multiple test methods, including
existing quantification methods and fibre characterisation techniques. This approach will not

only identify the best use cases and limitations of each method but will also explore whether test
methods can complement one another to address those limitations. Additionally, the project will
investigate the ‘noise factor’ introduced by contaminants—such as other polymers or additives—
within a sample, providing greater clarity on the extent to which these elements skew results and
how this error can be mitigated.

TMC and ZDHC have collaborated to tackle the issue of fibre fragments within wastewater.

They have identified a correlation between Total Suspended Solids (TSS) and fibre fragment
concentrations, offering a promising approach for simplifying monitoring processes in wastewater
treatments. Building on this work, they are now planning to conduct further studies to validate the
correlation and build confidence in the use of TSS as an indicator for fibre fragments in wastewater.

£$ PROPOSED INDUSTRY ACTION
The industry is encouraged to come together through a panel of experts or working groups to evaluate
the scalability, cost-effectiveness, accessibility and deployment of current test methods. This should
lead to establishing testing protocols which are required for different studies and work scopes.

It is crucial for the industry to align on standardised testing protocols, determining which methods
should be implemented (individually or in combination) as part of routine quality control for brands,
retailers, and manufacturers. Such alignment will enable better monitoring on the production of
textiles with a lower propensity to shed.

SOLUTIONS PORTFOLIO

The key strategy to address fibre fragmentation at its source is the understanding of root causes to inform
more responsible textile design and manufacturing. However, given that fabrics will continue to shed even if
at a lower rate, interventions across the value chain are needed, from industrial-level filtration systems and
consumer-level interventions. Thinking systemically and following a ‘solutions portfolio’ approach is key to
significantly mitigate the issue of fibre fragmentation.

Root Causes: Textile design and manufacturing factors significantly influence fibre fragmentation.
Understanding the extent of the influence of each given factor is crucial for reducing fibre loss throughout

the lifecycle of a textile. For example, pretreatments that reduce protruding fibres like biopolishing, alternative
dyeing that maintain the integrity of the fabric, and abrasion-resistant finishes show promise, but more research
is required to identify best practices.

Industrial-Level Filtration: Air and water filtration systems help reduce the amount of fibre fragments released
into the environment, though high costs and the required expertise limit their accessibility and effectiveness
across facilities, especially in smaller operations. Monitoring TSS levels have shown to serve as a reliable proxy,
offering a cost-effective way to track effluent quality.

EXECUTIVE SUMMARY
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Consumer-Level Interventions: Domestic filtration technologies (e.g., washing machine filters) and consumer
behaviour changes (e.g., gentler wash cycles) provide a straightforward approach for individuals to contribute
to mitigating fibre fragment pollution. Public awareness campaigns are needed to educate consumers on the
environmental benefits of adopting these simple actions.

Innovation: Innovations designed to reduce a textile’s propensity to shed are still in their early stages. Further
validation is required to assess their efficacy, costs, commercial viability, and wider environmental impact
implications such as increased CO, emissions. Fibre fragment pollution is not yet recognised in Life Cycle
Assessments (LCA), which are commonly used by the industry as a tool to assess the environmental impact of
new innovations and strengthen the case for their adoption.

2 How WE AIM TO CONTRIBUTE
The project Behind the Break: Exploring Fibre Fragmentation Project will test the influence
of individual design or manufacturing factors (one at the time) in a matrix-based approach to
reveal the drivers of fibre shedding. These insights will become key levers to support brands and
manufacturers in understanding the interventions that can be made at a design level. Additionally,
this knowledge base could inform the development of new solutions that target specific root
causes to reduce fibre fragmentation.

TMC and ZDHC are collaborating to empower the manufacturing community with robust
approaches to tracking and mitigating fibre fragmentation in manufacturing effluent with the intent
to set maximum allowable limits for fibre fragments in discharged effluent.

£$ PROPOSED INDUSTRY ACTION
Develop a framework to validate potential solutions against conventional benchmarks across
laboratory, pilot, and industrial scale to assess the benefits of the technology across impact,
performance & cost with the aim to build a solution’s portfolio for the wider industry.

Engage with experts within the space to assess facility hotspots and develop bespoke strategies and
interventions to address fibre fragmentation in the supply chain with existing validated solutions.

@ BIODEGRADATION AND TOXICITY

Significant knowledge gaps remain regarding the environmental impact of fibre fragments, both in terms of
biodegradability and toxicity. A clear distinction is needed between these two aspects to consider the by-
products and nanoparticles that persist in the environment and may pose risks.

BIODEGRADATION

Enhancing the biodegradability of textiles is considered a potential solution to fibre fragment pollution,

as biodegradable fibre fragments are less likely to persist and accumulate in the environment. However,
biodegradation is influenced by various factors, including environmental conditions, material properties, and
the mechanical and chemical processes employed during manufacturing. This complexity leads to variability in
biodegradation rates, complicating accurate assessments.

EXECUTIVE SUMMARY
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Laboratory testing limitations: Current laboratory tests often fail to replicate real-world conditions and take
into account the transient nature of fibre fragments as they move through the environment. There is a need for
more comprehensive experiments that better reflect harsh or diverse environments and include representative
organisms from specific ecosystems. Without this, there is a gap between lab results and actual biodegradation
in nature, hindering the reliability and applicability of results.

Standardisation Gaps: The absence of standardised methodologies and testing criteria for biodegradability
continues to create uncertainty in biodegradability claims. Existing metrics, such as molecular weight reduction,
only measure partial breakdown and do not assess the full transformation of materials into harmless by-
products. There is a need to establish clear, standardised testing criteria and thresholds for biodegradability,
ensuring transparent and accurate claims.

TOXICITY

The toxicity of fibre fragments varies depending on factors such as material composition, chemical treatments,
and environmental interactions. However, their toxicity remains underexplored, with the mechanisms behind
their effects—which may be physical or chemical—still not fully understood. This hinders the ability to address
the potential risks they pose.

Lack of Standardisation: Fibre fragments are distinct from microplastics and are highly heterogeneous in
physical properties and chemical profiles, making it difficult to establish consistent baselines and controls.
Harmonising testing materials, such as standardised reference fibres, would improve comparability and
reliability across studies. Collaboration between academia and the fashion and textile industry is needed to
ensure transparency around material specifications and the chemicals and processes used.

Environmental Relevance: Many studies use high concentrations of fibre fragments that do not reflect
conditions in the natural environment, and existing research has largely focused on aquatic environments,
overlooking terrestrial and atmospheric pathways. Experimental test designs should better reflect diverse
environments where fibre fragments accumulate, as their behaviour and impacts vary significantly across
different contexts.

2 How WE AIM TO CONTRIBUTE
Bridge the gap between industry and science by convening industry-relevant academic research,
ensuring an open communication channel is created in which key information can be exchanged.
This information can support the better design of experiments.

£$ PROPOSED INDUSTRY ACTION

Researchers should collaborate more closely with the industry to improve and support the quality

of studies by providing insights into materials, chemicals, and processes used within the fashion

and textile industry. This collaboration could lead to:

« Creating a pool of standardised test materials and reference fibre fragments characterised
by their physical and chemical properties. These materials could serve as benchmarks to
evaluate biodegradability and toxicity under various conditions, enhancing the consistency and
comparability across studies.

« Ensure transparency into the chemicals and processes used throughout textile manufacturing
to better reflect textiles in their processed state and better understand the drivers of toxicity
and biodegradability.

EXECUTIVE SUMMARY
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<&, REGULATION

As awareness on the impact of fibre fragments grows, policymakers are under increasing pressure to act.
However, progress on tangible interventions is still in its early stages due to the focus on plastic pollution
and significant knowledge gaps. Most efforts related to fibre fragments from the fashion and textile industry
are exploratory and concentrated in the Global North. Europe is leading the way with discussions on policies
aimed at addressing fibre fragments across multiple stages, including manufacturing and product design.
While progress is slightly slower in North America with efforts primarily focused on implementing washing
machine filters.

Knowledge Gaps: There are significant knowledge gaps regarding the causes of fibre fragmentation and its
impact on the environment and human health. Closing these gaps requires further research across the entire
lifecycle of textiles. Collaboration between industry, government, and researchers is essential to inform future
policies and regulations, ensuring that the latest scientific evidence is incorporated and the industry’s readiness
to meet regulatory requirements is assessed.

Test Methods: Existing methods assess fibre fragmentation under simulated laundering conditions using
fabric swatches. While these methods provide valuable insights into the root causes, they hold limitations in
regulating finished products as they require significant assumptions to extrapolate the data to reflect fibre loss
at a product level and they fail to account for the fibre loss from other sources, such as air.

Impact: Existing methods focus on understanding the drivers of fibre fragmentation, but they fail to assess the
environmental impact of fibre fragments. Biodegradability, chemical load, and toxicity must be considered in
addition, and separately, to quantity.

2 How WE AIM TO CONTRIBUTE
TMC Policy Committee is leveraging scientific expertise to provide policymakers with
comprehensive insights into the broader impacts of fibre fragmentation to ensure that policy
decisions are rooted in a full understanding of the available science. This includes the status of
science, test methods and potential solutions.

{3 PROPOSED INDUSTRY ACTION
Drive momentum and awareness necessary to address the challenges posed by fibre fragments
by ensuring that all fibre types are included in policy discussions, supporting the adoption of a
unified definition, along with supplementary specifications to help create a consistent framework,
and encouraging further research to close existing knowledge gaps. These combined efforts will
drive meaningful progress in generating actionable insights needed to develop effective mitigation
strategies.

Governments should incentivise the adoption of filtration systems in both residential and industrial
facilities, where their potential to reduce fibre fragments entering the environment is better
understood. Incentives could include subsidies, tax credits, or grants, particularly in regions where
cost remains a barrier. Furthermore, Extended Producer Responsibility (EPR) frameworks could
require appliance manufacturers to integrate and maintain fibre fragment filtration systems in their
products, ensuring that consumer-level solutions are not only effective but also widely accessible.

EXECUTIVE SUMMARY 17
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INTRORDUCTIONRN]

The fashion industry is a global force, producing over 100 billion garments per year. Therefore, its widespread
impact on the environment has long been a key topic of conversation. A growing concern gaining increased
attention is the issue of environmental pollutants known as fibre fragments. In this report, we have deliberately
chosen the term “fibre fragment’ over ‘microfibre’, defining it as “any processed fibrous material broken from a
textile structure during production, use, end-of-use, as well as through its subsequent breakage in the natural
environment’. The distinction of these terms and the rationale behind this definition will be explored in Chapter
1: Definition. While the definition of fibre fragments varies across industries and fields of research, the premise
for the fashion and textile value chain is that fibre fragmentation is the process of fibre loss from a textile
during its life cycle and their subsequent release into the environment. Fibre fragments have been found in
almost every environment on earth, and numerous studies have not only demonstrated their highly persistent
nature, but also their potential negative effect on the environment, organisms and human health.?® This
underscores the urgency of comprehensively addressing the issue.

The field of fibre fragmentation is complex and multifaceted, which has led to a diverse range of players across
different geographies, each focusing on distinct areas within research, policy, and R&D. While these efforts

are invaluable, there remains a lack of clarity around the roles and responsibilities of various stakeholders,
established knowledge, and the remaining knowledge gaps. This lack of clarity has led to a limited strategic
direction within the fashion and textile industry. The collaboration between Fashion for Good (FFG) and The
Microfibre Consortium (TMC) led to a series of workshops which brought together experts in this space. The
workshops dove into seven key topics related to fibre fragmentation, providing a framework for understanding
this multifaceted issue, and forming the backbone of this report which highlights recent developments, critical
insights, and the emerging opportunities for meaningful action. See Appendix for more information regarding
the structure of the workshops. The topic is explored through the following chapters:

Chapter 1: DEFINITION

Chapter 2: SOURCES AND PATHWAYS

Chapter 3: ROOT CAUSES

Chapter 4: TEST METHODS

Chapter 5: SOLUTION PORTFOLIO

Chapter 6: BIODEGRADATION AND TOXICITY

Chapter 7: REGULATION

Introduction
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The emerging concern regarding the presence of fibre fragments (also commonly referred to as microfibres)

in the environment is relatively recent, primarily brought to light by the pioneering work of Thompson, who
reported their widespread presence in coastal sediments and waters in the UK.* Since then, their anthropogenic
presence has been well-documented. They have been found in almost every environment on earth; marine and
freshwater environments, wastewater, stormwater, terrestrial environments and air.® They are easily carried and
dispersed, accumulating in diverse natural environments, demonstrated by their presence in remote regions

far from urban areas, such as the Arctic and Mount Everest.®” However, there remains a misunderstanding
when it comes to the types of fibre fragments that dominate and persist in the environment, as well as the raw
materials from which they originate.

Largely driven by the visible prevalence of plastic pollution, many environmental studies have previously
focused on the detection of ‘microplastic’ matter or synthetic fibre fragments.® Consequently, non-synthetic
fibres, such as natural fibres or Man-Made fibres derived from natural polymers (plants and animals) (see
Figure 1), are often overlooked or undocumented; either because they fall outside the scope of such studies or
due to a lack of appropriate knowledge, skills or instrumentation for their characterisation. This oversight has
resulted in a general underestimation of fibre fragment concentrations across different fibre types, giving the
misconception that fibre fragments are predominantly microplastics (synthetic).

These findings and the manner in which they are often reported in the media, creates a misleading narrative
that synthetic clothing is the sole cause of fibre fragment pollution. Additionally, this narrative overlooks the
findings of numerous forensic studies that provide unequivocal evidence to the contrary. Forensic studies have
found that approximately 70% or more of all fibres are non-synthetic, with the vast majority originating from
natural sources 20m21

Thankfully, a more holistic understanding of fibre fragment pollution is emerging. Recent environmental studies
increasingly emphasise the importance of the full characterisation and identification of all fibre fragments
encountered, contributing to a more accurate representation of the issue.** The findings of such studies

align with on-land forensic studies, collectively supporting the growing body of evidence that fibre fragment
pollution is not isolated to synthetic fibres.

DEFINITION UNPACKED

MICROPLASTICS

Microplastics are small pieces of plastic debris measuring 5mm or less, found in the environment from the
disposal or breakdown of consumer products and industrial waste.® These particles can take various shapes,
including spheres, pellets, foam, and irregular fragments. Therefore, also include synthetic fibre fragments.
While the term microplastic was not yet used, microplastics were first observed in 1972 with numerous studies
raising concerns about their potential environmental impact.* The term microplastic was eventually coined in
2004, and today are known to either originate as primary microplastics—tiny particles intentionally produced
at small sizes—or secondary microplastics, which result from the degradation of larger plastic items such as
textiles, bottles, or fishing nets®

MICROFIBRES

Fibres are one of the most frequent particle shapes of microplastics detected in environmental samples,
with textiles identified as a major source of release.® Studies show that approximately 35% of the primary
microplastics in the ocean originate from textiles.” Therefore, the term ‘microfibre’ emerged to describe
the thread-like, fibrous structures that shed from textiles, distinguishing them from microplastics which
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typically take on various other shapes. Additionally, research has shown that microfibres which persist in the
environment are not limited to synthetics, making ‘microplastic’ too narrow a term to capture all fibre types.
Thus, ‘microfibre’ became a commonly accepted term for these textile-derived pollutants.

Within the fashion and textile industry, the term ‘microfibre’ clashes with the industry terminology for a very
fine synthetic yarn defined as having a count of 1dtex or less, specifically referring to the small diameter rather
than the small length or size.® To avoid confusion, the term ‘fibre fragment’ is considered more appropriate as it
also captures the notion that fibres shed from all fibre types, their fibrous structure, and reflects the action by
which a fibre is released from the main textile construction.

Discourse over the terminology extends beyond naming conventions to the specifications that should be
included within the definition. There is ongoing discussion around the size limits and the classification of
sources in the definition, particularly regarding non-synthetic fibre fragments.

An ongoing debate revolves around the size limits included within the definition. Experts have voiced the need
for flexibility in the size limits (minimum and maximum size limits) used within definitions to accommodate
evolving research, while others advocate for stricter limitations to enhance consistency in testing and risk

assessments. Current size limits used within definitions are either not specified, or present a range of different

size parameters such as, ‘a diameter less than 50 pm, length ranging from 1 pm to 5 mm, and length to diameter
ratio greater than 100’, or ‘less than 5 mm in all dimensions’*%

Evolving research has demonstrated that fibre fragments shed from all fibre types, and that non-synthetic
fragments can persist in the environment similarly to synthetic fibre fragments.??' This has stressed the need
to consider fibre fragments from all fibre types. For example, one study quantifying the fibre population of 223
samples of river water and atmospheric deposition, demonstrated that over 70% of recovered fibres were non-
synthetic.?2 Furthermore, research has also highlighted the potential ecological risks posed by non-synthetic
fibre fragments. For example, a study demonstrated that cotton fibre fragments negatively affected the
behaviour of silverside fish and reduced the growth of mysids.?® Despite this, research on non-synthetic fibre
fragments remains relatively limited, due to the historical focus on plastic pollution.

The persistence of non-synthetic fibre fragments in the environment has prompted a reassessment on the
terminology used to classify the fibre types within the definition. Some experts advise incorporating terms,

such as ‘processed’ or ‘modified’ to encompass all chemically or mechanically processed fibres within the
fashion and textile value chain. This debate centres on the need to distinguish between natural fibres in their raw
unprocessed state as found in the environment (directly derived from biomass such as plants, trees or animals)
and those that undergo any form of mechanical and/or chemical processing during manufacturing.>* This is
because the different processing methods and treatments that fibres undergo throughout textile manufacturing
have shown to increase fibre stability and resistance to biodegradation, subsequently increasing their persistence
in the environment.???® See Chapter 6: Biodegradation.

The term ‘processed’ more broadly refers to; Man-Made Fibres (MMFs) derived from synthetic polymers

and natural polymers such as cellulosic and protein fibres which undergo significant chemical or mechanical
modifications during their manufacturing processes.?® Additionally, it includes natural fibres derived from
cellulosic and protein fibres that undergo any form of processing—such as pretreatment, dyeing, and finishing.

Chapter 1: Definition
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Figure 1illustrates the classification of textiles within the fashion and textile industry.

Figure 1: Textile Classification in the Fashion and Textile Industry

Note: This classification is not exhaustive of all fibre types.

TEXTILE CLASSIFICATION

NATURAL FIBRE

A material that is produced
by geological processes, or
from the bodies of plants
or animals.

A material whose chemical composition,
structure, and properties are
significantly modified during the
manufacturing process.

Natural Polymer

Biobased* Synthetic Polymer
Cotton Alpaca Acetate Casein-, Chitin-based Bio PET Glass fibre Chitin-based
- - - Keratin-, materials - - materials
Flax Camel Lyocell Collagen- - Bio PPT Ceramic fibre Rubber
- - - based Rubber - - Alginate
Kapoc Cashmere Modal materials - Bio PA Carbon fibre
- - - - Alginate -
Hemp Mohair Rayon Spider silk PHA
Jute Silk Viscose Bio PU
Nettle Wool Algae-based PLA
- o materials -
Banana Vicuna PBS
Pineapple PEF

*Another important term commonly used within the fashion and textile industry is ‘biobased. This refers to materials that are
wholly or partially derived from biomass, such as plants, trees, or animals.*® Biobased materials may include:

* Natural Fibres

e MMFs derived from natural polymers

o MMFs partly derived from synthetic polymers, such as a polyester-cotton blends that meet a specified minimum
percentage of biocontent

Figure adapted from “Understanding ‘Bio’ Material Innovations: A Primer for the Fashion Industry, Biofabricate and Fashion for
Good”

WORKSHOP OUTCOMES

During the workshop session, the group discussed the consequences of the lack of a standardised definition
within the industry, leading to ambiguity and complicating collective efforts to understand, research, and
mitigate the issue of fibre fragmentation. Workshop participants emphasised the importance of aligning on a
broader, overarching definition to guide research and policy discussions within the fashion and textile industry.

Chapter 1: Definition 22


https://reports.fashionforgood.com/wp-content/uploads/2020/12/Understanding-Bio-Material-Innovations-Report.pdf
https://reports.fashionforgood.com/wp-content/uploads/2020/12/Understanding-Bio-Material-Innovations-Report.pdf

BEHIND THE BREAK

The session aimed to establish a definition for the scope of the collaboration between TMC and FFG. The most
significant points of divergence revolved around size limits, however, it is important to note that the opinions
were largely dependent on the context of the work and research goals of the experts. A key question was
raised: ‘Should we be more concerned with what can be caught [by a filter] or what can cause harm [to
humans and the environment]?’

This revealed that from the perspective of environmental and health research, size limits play a critical role in
understanding when fibre fragments become toxic to marine life or humans. For example, fibre fragments can
lead to food dilution, where ingested particles take up space in the gut, reducing the space for the organism to
carry out essential digestive processes and hindering proper food intake or nutrient acquisition.® Additionally,
size can influence the risk of translocation, in which the ingested fragment can move into other organs and
create other issues.” There is also evidence that the deposition and transfer of microplastics (including
synthetic fibre fragments) and nanoplastics in the human respiratory system depend on particle size.*?
Therefore, specifying size limits is arguably important for identifying the thresholds at which fibre fragments
cause harm and accumulate. Nonetheless, existing literature does not yet provide sufficient evidence on the
relationship between fibre size and toxicological effects. Therefore, it is important not to set specific size
limits, as there may be fibre fragments that are above or below the size limit that are also potentially
harmful. Further research is needed to develop well-defined criteria for both upper and lower size limits.

From a testing perspective, establishing size limits is closely tied to the inherent capabilities of the filters
used in relevant test methods. These size thresholds determine what can be captured and measured, thereby
ensuring consistency in results across different studies.

From an industry perspective, it is important to recognise that fibre fragments continue to break down within
the environment, with studies showing that they can reach nanoscale sizes.® Ultimately, the goal within the
fashion and textile industry should be the development of fabrics with a lower propensity to shed, regardless
of size thresholds. Therefore, fragments outside the proposed size limits should not be excluded from
consideration.

The group concluded that specifications, such as size limits and diameter, should supplement the definition
(if relevant) based on the scope and purpose of the study to ensure clarity and context. The definition, along
with any supplementary specifications, should always be clearly stated so that findings can be communicated,
compared with other research, and used to inform decision-making or guide further action. This is especially
important given the need to carry out further research to fully understand the complexities around fibre
fragmentation.

Taking these factors into account, the definition for the report is as follows:

Fibre fragments: Any processed* fibrous material broken from a textile structure during production, use,
end-of-use, as well as through its subsequent breakage in the natural environment.

*The term ‘processed’ is intended to encompass all fibre types that have undergone any form of mechanical or chemical
processing. This includes natural fibres that are no longer in their raw, unprocessed state as found in the environment, as well as
Man-Made fibres derived from both synthetic and natural polymers. See Figure 1 for textile classification.

In line with this work, The Microfibre Consortium has also adopted this definition to ensure consistency across
its workstreams. However, it is important to note that this working definition has not been officially adopted for
industry-wide use at this stage and is intended to ensure clarity and consistency throughout this report.

Chapter 1: Definition
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Initially, research on fibre fragment pollution predominantly focused on the release of fibres during laundering
(washing), as they entered the marine environment via wastewater. However, it has become evident that the
sources and pathways of fibre fragment pollution are far more complex, with fibre fragments being detected
across diverse environments and in hundreds of species.

SOURCES OF FIBRE FRAGMENTS

The sources of fibre fragmentation are where the particles originate, such as from manufacturing, consumer
use, or end-of-use stages. Pathways, on the other hand, describes the mediums through which fibre fragments
travel through the environment, via air, terrestrial or water bodies. A comprehensive understanding of these
diverse sources and their pathways into the environment is essential for developing effective strategies to
reduce fibre fragment pollution.

MANUFACTURING

Textile manufacturing is recognised as a major source of environmental pollution to wastewater and air!
Throughout textile manufacturing, materials undergo a variety of processes, including spinning, weaving,
knitting, and processing (pretreatment, dyeing, and finishing). These processes subject fabrics to both
mechanical and chemical stresses, which can increase fibre loss from the main textile construction, making
them a significant source of fibre fragments. It has been shown that the dyeing stage can account for up to
95% of the total fibre emissions, and textile industry wastewater can contain fibre fragment concentrations up
to a thousand times higher than those found in municipal wastewater.®**® While many textile manufacturing
facilities have on-site effluent treatment plants (ETPs) designed to capture pollutants before they enter

the environment, the effectiveness of these plants can vary. For example, a study showed ETPs can remove
between 50% and 99% of fibre fragments from effluent, depending on the technology and operation of

the plant.®* However, even highly efficient ETPs can still allow significant quantities of pollutants to pass
through due to the large volume of incoming wastewater. The complexities of ETP operations and their role in
addressing fibre fragment pollution will be discussed further in Chapter 5: Solutions Portfolio.

CONSUMER USE

Washing: Early on, domestic washing was identified as a major source of fibre fragment pollution.® As

the most documented source, washing has captured the attention of researchers and policymakers. The
mechanical action of wash cycles generates fibre fragments, which are then released into wastewater. The
annual global emission of synthetic fibre fragments from laundry alone has been estimated to be 5.69 million
tons.*” Consumer habits play a significant role in fibre fragmentation from textiles during washing. For example,
detergent is believed to increase fibre fragmentation, with powder detergents potentially causing more damage
than liquid detergents due to increased friction, although research findings vary.*®® In contrast, softeners have
been found to reduce fibre fragmentation, potentially by reducing the friction between fibres.* Hotter and
longer wash cycles result in more fibre fragmentation compared to cooler and shorter cycles, and filling the
laundry drum to its full capacity can reduce fibre fragmentation per kilogram of clothing, as it decreases the
water-to-fabric ratio.**#

The type of washing machine used is also important, as top-loader washing machines are known to release
greater numbers of fibre fragments than front-loading machines.*?> Additionally, factors such as abrasion and
UV during consumer wear may also influence fibre fragmentation during subsequent washing over time. It
has been shown that garments shed the highest number of fibre fragments during the first wash cycles,
making it crucial to understand the factors influencing fibre loss during washing.*® However, studies have
failed to take the effect of drying, wearing and environmental (UV) exposure into account. Typically, a
garment will be worn (indoors and outdoors), washed, dried and repeated. Research that has incorporated this
approach indicates that whilst there is greater loss during the first wash, the level of fibre fragmentation then

Chapter 2: Sources and Pathways
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levels off and remains consistent.*? To address fibre pollution from washing, technologies that can capture fibre
fragments during washing are available, preventing them from entering wastewater systems, but efficiencies
can vary.®* See Chapter 5: Solutions Portfolio. Most of the existing research is focused on washing practices
and the use of electric washing machines. However, this research is of limited relevance in the Global South
where accessibility of machine washing is less common and a significant proportion of the population uses
locally-specific practices, such as hand-washing. A study found that fibre fragmentation from hand-washing

is comparable to that from machine-washing, yet fibre fragments released during hand-washing cannot be
mitigated by laundry filtrations systems or wastewater treatment.?’ Additionally, studies are yet to investigate
fibre loss from dry cleaning. This highlights critical gaps in understanding the respective contributions from
different sources of fibre fragment pollution and, consequently developing appropriate interventions.

Drying: Electric machine drying is another important source of fibre fragment emissions into the air.*3443
Research indicates that even a brief 15-minute tumble-drying cycle can release over 500,000 fibre fragments
directly to air, often due to there being minimal filtration through exhaust vents.** Most of the research in this
area is focused on machine drying, while the contribution from other drying methods such as line-drying on
fibre fragmentation is unknown.

Wearing: Fibre fragmentation occurs during the wear of garments through the loss of loose surface fragments,
abrasion caused by movement, and contact with other surfaces and/or weathering.*®4"483® Through these
mechanisms, fibre fragments are released directly to the air. Although most of the more recent research

on fibre fragments has focused on emission during washing, research indicates that fibre loss during

wear could be the dominant source of fibre fragments present in the environment.* Fibre fragmentation
into the air is likely to be influenced by environmental conditions such as UV exposure, wind, humidity and
temperature, as well as variations in human activity. While some research has shown that UV exposure can
cause fragmentation of fibres, these effects are still poorly understood.®

END-OF-USE

During the end-of-use stage, textile disposed of in landfills, sent to industrial composting facilities or littered,
can degrade, providing another source of fibre fragments to the terrestrial environment.*® When released

to terrestrial environments, fibre fragments can impact terrestrial organisms, soil properties, microbial
communities and plants.® As these fibres break down they can be released into the surrounding soil as small
fragments and make their way into groundwater.®? Rain or flooding may also cause fibre fragments emitted

to land to be transferred to water bodies through run-off and soil erosion processes. While incineration

should hardly ever be used as a disposal method due to its environmental implications, textiles can also be
incinerated, which can release fibre fragments into the air that can then settle on land or water bodies, further
spreading fibre fragment pollution. The unburned material that remains after incineration may also contain fibre
fragments.>® Moreover, a study on the recycling of plastic bottles demonstrates that the mechanical shredding
during the size reduction stage generates significant microplastics.®* This suggests that similar effects could
occur during the mechanical recycling of textiles, where shredding processes might also lead to the release of
fibre fragments. Nonetheless, the end-of-use stage remains underexplored in comparison to other sources.

PATHWAYS OF FIBRE FRAGMENTS

The key pathways through which fibre fragments enter the environment include air, water, terrestrial, and biota.
Figure 2 illustrates the journey of a fibre fragment along the fashion and textile supply chain, and indicates the
direct environmental pathways in which the majority of fibre fragments are released throughout each stage of a
textile’s lifecycle. In each of these primary environmental compartments, the fragments may ultimately interfere
with the biota present.

Chapter 2: Sources and Pathways 26



BEHIND THE BREAK
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Figure 2: Journey of the Fibre Fragment Ihelneration
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Water is a key pathway through which fibre fragments travel, facilitating movement across different environments.
During washing and textile manufacturing, fibres are released into wastewater, where they enter sewage systems.
These fibres can then be discharged from ETPs into natural water bodies, including rivers, lakes, and oceans.
Additionally, runoff from land, during rainfall or flooding, can also carry fibre fragments into different water
bodies.’ ETPs can capture over 90% of fibre fragments, yet even highly efficient facilities can still emit high
numbers of fibre fragments to the environment. Moreover, during very high flow conditions, sewage overflows
are designed to release untreated sewage into rivers to reduce pressure.® A study of municipal ETPs in Budapest
predicted an emission of between 0.44 — 1.53 billion fibre fragments per month from a single plant.’” Additionally,
only around 20% of global wastewater undergoes treatment at ETPs.%®

AIR

During the manufacturing and use stages, a significant number of fibre fragments are released into the
atmosphere within both indoor and outdoor environments.*® Within indoor environments, they can settle on
the floor and surfaces, contaminate food or be inhaled by humans. Studies on atmospheric fibre fragment
concentrations have found that concentrations are much greater in indoor air than outdoor air, which
increases the potential of human exposure.®® Whereas in outdoor environments, fibre fragments are

likely subjected to longer distances as they are carried by the wind to settle on land and water surfaces.®
Nonetheless, limited attention has been given to air, despite fibre fragment pollution being found in remote,
non-urban locations. The presence of fibre fragments in such locations is scientific demonstration of their
ability to naturally move through the air in the absence of external agitation forces, which allows them to be
transported from the air to terrestrial and aquatic envi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>