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Preface

The widespread presence of microplastics in the environment, including in remote and pristine areas such
as mountains and the Arctic, is a source of concern for ecosystems and human health. Due to their small
size, microplastics can be easily ingested or inhaled by organisms, potentially leading to adverse health
impacts on wildlife and humans. The potential for long-term and irreversible risks to ecosystems and
human health calls for mitigation measures to halt the accumulation of plastics and microplastics in the
environment.

Plastics pollution captures the attention of scientists, the public, governments and businesses around the
world. Although plastic materials bring several benefits to society, growing plastics production, use and
disposal are creating ever-greater environmental pressures, among which the accumulation of plastics in
natural habitats is arguably the most evident. At current trends in plastics production and waste generation,
the problem of plastic pollution will continue to exacerbate. Once plastics enter the environment, they do
not easily biodegrade and may continue to pollute natural habitats for centuries. Furthermore, plastics in
the environment may fragment into microplastics, smaller plastic particles that may enter the food chain.

OECD countries substantially contribute to microplastics leakage into the environment and have an
important role to play in mitigating this type of pollution. Indeed, many governments are now actively
working to reduce risks associated with plastics and microplastics pollution, for instance via the regulation
of single-use plastics, bans on microbeads intentionally added to products, and improvements in solid
waste collection and management.

Microplastics emitted unintentionally during the use phase of products remain largely outside of the scope
of policy frameworks existing in OECD countries. This report ambitions to bridge that gap, by focusing on
the complex challenges posed by microplastics released from tyres and garments. The report brings
together the most recent science and knowledge on the pervasiveness of such particles, their route into
the environment, and the potential consequences on environmental and human health. It identifies best
practices and technologies that could help mitigate the environmental pressures, and potential policy
interventions to mandate or encourage their larger uptake. In line with previous work on contaminants of
emerging concern in water, the report highlights opportunities for future policy intervention that builds on
new knowledge and new technical capacities, and that cuts across sectors and policy areas.

Policies to reduce microplastics pollution in water: Focus on textiles and tyres has been developed jointly
by the Environmental Policy Committee’s Working Party on Biodiversity, Water and Ecosystems and the
Working Party on Resource Productivity and Waste. This timely report brings together expertise on waste,
resource efficiency and water quality to support government efforts to reduce risks associated with
microplastics pollution, and protect the environment and human health.

o

Rodolfo Lacy,
OECD Environment Director
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Executive summary

Microplastics pollution is one of the most pervasive emerging environmental issues. Tiny plastic fragments,
particles and fibres now widely contaminate oceans, freshwaters, soils and air. Once in the environment,
microplastics may continue to fragment into smaller particles and persist for a long time. Aquatic species,
from plankton to large mammals, as well as humans are commonly exposed to microplastics via ingestion
or inhalation.

A myriad of emission sources contribute to microplastics pollution. Examples are accidental industrial
spillages, the discharge of microplastics intentionally added to products (e.g. rinse-off cosmetics and
detergents) and the wear and tear of synthetic products (e.g. synthetic textiles, vehicle tyres) occurring
during their use. Up to 3 Mt of microplastics enter the environment every year. Additionally, the degradation
of plastic waste discarded into the environment further contributes to microplastics pollution.

Microplastics pollution is a reason of concern for water quality, potentially affecting ecosystems and human
health. Laboratory experiments have shown that microplastics ingestion can induce adverse health effects
in aquatic biota, although large uncertainties persist with regards to the thresholds at which risks may
occur. Concerns are mainly driven by the presence in plastics of toxic chemicals and known or suspected
endocrine disrupting additives, as well as by the potential for microplastics to sorb persisting organic
pollutants from the environment. Although data gaps hinder reliable risk assessments, the persistence of
plastics and the projected fast and continued increases in pollution levels call for policy measures to
mitigate current and future risks to ecosystems and human health.

In recent years, microplastics pollution prevention has gained increasing policy attention in OECD
countries. Attaining resource productivity, managing plastics in a sustainable way, preventing leakage to
the environment and preserving water quality are key elements of environmental policy objectives in OECD
countries, as also reflected in Sustainable Development Goal targets 6, 12 and 14.1. The OECD Council
Recommendation on Water calls for Adherents to prevent, reduce and manage water pollution from all
sources, while paying attention to pollutants of emerging concern, such as microplastics.

Recent policy action — notably restrictions on single-use plastics and microbeads in rinse-off cosmetics,
and improved waste management practices — may contribute to reducing some plastic uses and mitigating
leakage to the environment. However, the emission of microplastics from the wear and tear of products is
a complex issue that remains largely untargeted by current policy frameworks, despite accounting for a
substantial share of releases. Furthermore, while the leakage of plastic waste mainly occurs in emerging
economies, OECD countries contribute substantially to the emission of microplastics. North America,
Western Europe and Japan alone account for almost a third of direct microplastics releases, of which the
abrasion of tyres and synthetic clothing account for 62%. In this context, several OECD countries are
increasingly looking for solutions to better control these emissions.

This report develops policy insights on how to minimise microplastics emitted unintentionally from products
and their potential impacts on human health and ecosystems. It assesses the feasibility and relevance of
available mitigation measures for microplastics pollution of marine and freshwater environments, with a
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focus on textile products and vehicle tyres, which contribute to between one-half and two-thirds of
microplastics releases into the environment (excluding the degradation of leaked plastics).

Microplastics emissions occur and are influenced by several stages of the lifecycle of textiles and tyres.
As such, a broad range of entry points exist for the implementation of mitigation measures, including via:

e Source-directed approaches, such as the sustainable design and manufacturing of textiles, tyres,
and complementary products (i.e. washing machines, laundry detergents, road surfaces and
vehicles), to minimise the tendency of products to contribute to microplastics generation;

e Use-oriented approaches, such as the uptake of best use practices (e.g. laundering parameters,
eco-driving) and mitigation technologies (e.g. microfibre filters), to reduce preventable releases;

e End-of-life approaches, such as improved waste management practices, to prevent waste leaking
into the environment and potentially contributing to microplastics generation;

e End-of-pipe approaches, such as improved wastewater, stormwater, and road runoff management
and treatment, to retain the emitted microplastics before these reach water bodies.

Policy insights: a lifecycle, holistic approach to close knowledge gaps and
exploit synergies across different policy areas

Given the degree of persisting uncertainty and the potential for widespread ecosystem and human health
impacts of microplastics, effective mitigation action is recommended. Mitigation action should be
proportional, consistent with existing policy frameworks, based on adequate cost-benefit analysis
considerations, and sufficiently flexible to encourage scientific research and innovation in mitigation
solutions. Where microplastics pollution mitigation brings additional costs, attention will need to be paid to
their fair allocation and to ensuring that responsibility for the implementation of mitigation measures is
shared among stakeholders along the textile/apparel and tyre value chains.

The most cost-effective way to tackle the issue is likely the implementation of a mix of policy tools targeting
several mitigation entry points along the lifecycle of products. Measures aimed at minimising the emission
of microplastics at source are likely to have the largest mitigation potential. Especially for diffuse sources
of pollution (e.g. tyre wear particles, airborne textile microfibres), prevention is often more cost-effective
than treatment/restoration options downstream. At the same time, given the variety of entry pathways,
measures upstream cannot entirely alleviate the risk of microplastics pollution of the water cycle. Thus,
upstream intervention will need to be supplemented by effective end-of-pipe solutions.

The control and management of microplastics released from products is likely to require a strategic
prioritisation among possible interventions as well as a consideration of their full impacts. Research has
identified several mitigation practices and technologies implementable at different stages of the lifecycle
of textiles and tyres, yet often further research and data is required to assess their cost-effectiveness,
implementation feasibility, and potential for unintended consequences or trade-offs with other policy
objectives. Policy options targeted to consumers (e.g. reduction in textile consumption, changes in driver
behaviour) would benefit from further investigation of the likelihood of behaviour change occurring.

Although microplastics pollution alone is unlikely to drive costly investment decisions or to justify trade-offs
with other relevant policy objectives, there are important gains to be made by exploiting or adapting existing
measures in other policy areas. For instance, reductions in passenger vehicle use and shifts towards more
sustainable transport modes, generally driven by a need to reduce GHG emissions and air pollution, can
also contribute to mitigating microplastics emissions from road transport. Similarly, certain end-of-pipe
mitigation options, such as improved wastewater treatment technologies or nature-based solutions,
primarily designed to manage other risks (e.g. other pollutants, flooding), can generate significant co-
benefits for microplastic mitigation.

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021
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Taking into consideration the points above, the following guidance emerges for policy action to manage
textile- and tyre-based microplastics pollution:

Further research is required in order to reduce data gaps as regards the toxicity of microplastics to
wildlife and humans, perform more robust risk assessments for microplastics in different
environmental media, and inform cost-benefit analyses for mitigation interventions. International
and interdisciplinary cooperation and information sharing will be key to the advancement of
research and to the standardisation and harmonisation of test methods (providing for variability of
locations and research sites), such as test methods for the rate of microfibre shedding and tyre
tread abrasion. Further, the development of common databases can reduce time and costs
associated with documenting robust policy decisions at national and international levels.

In the short term, significant progress in microfibre and tyre and road wear particle emission
mitigation can be achieved by focusing on “no-regrets” mitigation options. These include good
practices and technologies which have low implementation costs and low risk for potential
unintended consequences (such as environmental burden shifting) and/or which generate co-
benefits aligned with other environmental policy objectives, such as those addressing the
environmental impacts of the textile and apparel sector and of road transport, climate change
mitigation, air quality legislation, and improvements in water quality.

When information on the effectiveness of mitigation measures has improved, additional and more
specific policy measures will be needed to mandate, incentivise or encourage the uptake of
mitigation technologies and best practices. Some of these policy measures, such as requirements
to add microfibre filters to washing machines and consumer-awareness initiatives, are already
being explored by governments.

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021



113

1 The case for microplastics
mitigation

This chapter sets out the motivation for the development of this report. It
summarises current knowledge on the sources and flows of microplastics
into the environment and on the adverse impacts on the health of humans
and other living organisms. The chapter concludes by making the case for
policy action on microplastics pollution and for further consideration of
mitigation measures for two sources of microplastics: textile products and
vehicle tyres.
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1.1. Introduction

1.1.1. Growth in plastics use and environmental consequences

Since the invention of plastic materials, their production, use and disposal has continued to increase. Due
to their numerous desirable properties (e.g. durability, resistance, lightness), versatility and low costs of
production, plastics have gradually penetrated almost all sectors and substituted traditional materials such
as concrete, glass and wood in countless industrial applications. From 0.5 Mt in 1950, global annual
plastics production soared to 465 Mt in 2019, as presented in Figure 1.1. Trends indicate that demand for
plastic materials will continue to increase in future years, mainly driven by increasing shares of plastics
consumption in emerging economies (IEA, 20181)).

Figure 1.1. Global primary plastics production by sector, 1950 to 2019 (million tonnes)

m Packaging = Transportation ® Building & Construction ® Electrical/Electronic * Consumer & Institutional Products ® Industrial Machinery = Textiles - Other
1 500
1 450

4 400

1 350

0
1954 1959 1964 1969 1974 1979 1984 1989 1994 1999 2004 2009 2014 2019

Source: Update by the authors of (Geyer, Jambeck and Law, 20172)

The large production and use of plastic materials comes with several negative consequences for the
environment and climate. Plastics production is a fossil fuel-intensive activity, consuming 4-8% of global
oil production (by mass) (World Economic Forum, 20163;). Approximately 400 Mt of CO2 were released in
the year 2012 during the production, transport and disposal of plastics (EU, 2018y)). The large use of
plastics, especially in products with short life spans (e.g. single-use plastics), also puts significant pressure
on waste management systems (Geyer, Jambeck and Law, 2017[2). In 2010, failure to channel waste to
the adequate disposal systems resulted in the discharge into the oceans of 4.8-12.7 Mt of the 275 Mt of
plastics waste generated on land (Jambeck et al., 20155)). Approximately 14 Mt of microplastics have
accumulated on the ocean floor only (Barrett et al., 2020)).

Plastic materials are generally very resistant to degradation: they can last for prolonged periods of time if
released into the environment, leading to several adverse consequences to our environment and economy
(Geyer, Jambeck and Law, 2017[7). Detrimental consequences on freshwater and marine ecosystems
include ingestion by marine species and impediment of food acquisition, entanglement of wildlife in lost or
discarded fishing nets and damage to coral reefs (Derraik, 20027;; Macfadyen, Huntington and Cappell,
2009;s)). Adverse economic consequences of plastics pollution may in particular affect coastal communities
relying on tourism (e.g. due to the detrimental effects of marine and coastal litter on tourism, which also
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increase beach maintenance costs) and those affected by plastic pollution of internal water streams (e.g.
as a consequence of the blockage of road drains).

1.1.2. Microplastics: framing the challenge

While the environmental consequences of plastic items dispersed in the environment have long been
scrutinised by the scientific and media communities, concerns are now rising over microplastics (MP),
plastic particles smaller than 5 mm (see Box 1.1).

Box 1.1. What are microplastics?

Microplastics are generally defined as solid synthetic polymer particulates with a size <5 mm (Arthur,
Baker and Bamford, 20099;; ECHA, 2019110;; GESAMP, 2015(11;). Because the definition of microplastics
has not yet been standardised, existing studies have been employing different definitions and cut-off
sizes. The upper size limit is generally set at 5 mm (although a cut-off at 1 mm is also employed by
some studies), while there is some discrepancy with regards to the lower cut-off sizes employed, which
range between 1 and 100 nm (ECHA, 201910;; GESAMP, 201511;; California State Water Resources
Control Board, 2020j12). Usually, plastics with a size below this lower bound are referred to as
nanoplastics (SAPEA, 2019113)). In general, the lack of consensus over the definition of microplastics
has been an issue as it renders results of microplastics surveys and toxicological studies difficult to
compare and aggregate in order to draw general conclusions, respectively on occurrence and risks.
Work is underway to standardise definitions for microplastics in the environment (see CEN prEN 17615
Plastics — Environmental Aspects - Vocabulary).

Microplastics can be considered an array of contaminants of diverse sizes, shapes, colours and
physico-chemical composition (Rochman et al., 201914;). They are usually found in the environment as
fragments, fibres, pellets, or beads. Plastic polymers commonly employed in the manufacture of plastic
products (e.g. polypropylene, polyethylene, polyethylene terephthalate) account for a large share of
microplastics, although particles from other synthetic polymers such as rubber (e.g. in vehicle tyres) are
also considered microplastics (SAPEA, 2019p3). Microplastics are also always found in the
environment as a complex mixture or diverse suite of chemicals, either those which have added during
manufacturing or which have been adsorbed from the environment (see Section 1.5).

Note: despite the commonly employed upper size limit for microplastics, microfibres with a diameter larger than 5 mm can also be considered

microplastics. For instance, the ECHA restriction on the intentional use of microplastics sets limits as follows: i) for particles, all dimensions
between 1 nm and 5 mm, and (i) for fibres, a length between 3 nm and 15 mm and length to diameter ratio of >3 (ECHA, 201910)).

Microplastics are stock pollutants, i.e. pollutants with a long lifetime and for which the ecosystem has little
or no absorptive capacity. Biodegradation is the process of complete destruction of the polymer chain and
its conversion into small molecules such as carbon dioxide, water, or methane by the action of
microorganisms (UNEP, 2015}15)). Full biodegradation of microplastics requires a set of conditions (e.g. the
presence of microorganisms capable of breaking down plastic polymers, appropriate temperature,
adequate pH and salinity in case of the aquatic media) which are not typically present in the natural
environment (UNEP, 2015p15; Wagner and Lambert, 2018j16). Current evidence of microplastics
biodegradation in the natural environment is limited and the majority of microplastics is believed to persist
and accumulate in the environment, only slowly degrading into smaller microplastics and potentially
nanoplastics.
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1.1.3. Objectives of this report

The continuous use and disposal of plastic materials around the globe has led to the pollution of all types
of marine and freshwater environments with microplastics (Andrady, 2011p17;; Thompson et al., 2004 1s)).
Given projected trends of plastics production, use and disposal, concentrations of microplastics are likely
to continue to increase, raising concerns over the potential environmental and human health hazards
posed.

This report assesses mitigation options for microplastics pollution of marine and freshwater environments,
with a focus on microplastics originating from textile products and vehicle tyres. It presents mitigation
solutions implementable throughout the lifecycle of products, from manufacturing processes to the use
phase and the end-of-life stages of textiles and tyres. Besides OECD countries, this report also assesses
the perspective of major textile and tyre manufacturing countries, in particular China and India.

The remainder of Chapter 1 provides a justification for the development of this report. Chapter 2 traces a
typology for microplastics released from textile products and vehicle tyres and outlines entry points for
mitigation action. Chapter 3 provides an assessment of the available mitigation best practices and
technologies implementable at different stages of the lifecycle of products. Chapter 4 argues that policy
action to tackle unintentional releases of microplastics is emerging but remains limited and discusses
selected policy instruments which could be employed to mandate, incentivise, or encourage the uptake of
mitigation best practices and technologies. Chapter 5 presents key messages to guide mitigation policy
action on microplastics released from textiles and tyres.

1.2. Types, sources and pathways of microplastics

1.2.1. Types and sources of microplastics

Microplastics are typically categorised into primary and secondary. Primary microplastics are
manufactured at the micro scale to be used in particular applications, while secondary microplastics stem
from the fragmentation of larger plastics (GESAMP, 2016119;; UNEP, 2018207).

Table 1.1 summarises the main types of microplastics and the relative sources and modes of emissions.
Pre-production plastics are primary microplastics which may be unintentionally released into the
environment, mainly due to accidental spills or run-off from processing facilities. Plastic pellets, the
intermediary good between the polymers and plastic products, are known to regularly leak into the
environment during production, transport and storage (GESAMP, 2015(11;). During use, numerous products
may release microplastics intentionally-added during manufacturing. Microbeads used in personal care
and cosmetic products (PCCPs) such as scrubs and toothpastes are examples of primary microplastics
intentionally discharged into sewage waters or into the surrounding environment during the consumption
stage.

Secondary microplastics can be further categorised into two groups. Use-based secondary microplastics
are generated unintentionally due to abrasion occurring during the use of products containing synthetic
polymers. Common examples are microfibres released from synthetic textiles during washing, tyre and
road wear particles emitted during road transport activity, and paint flakes worn off from the surface of
buildings, roads and ships. Degradation-based secondary microplastics are those originating from the
fragmentation of larger plastic items discarded in the environment after their useful life, mainly as a
consequence of exposure to solar UV radiation (GESAMP, 2015(11)).
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Type of microplastics

Examples of common sources

Mode of emission

Pre-production plastics

Microbeads and other
MPs intentionally added
to products

Primary microplastics
Accidental spills occurring during the transport and storage of plastic pellets
Emissions and run-off of pre-production plastics and production scrap from
processing facilities
Rinse-off personal care and cosmetic products (PCCPs) with exfoliating properties
(e.g. toothpaste, scrubs, soaps)
Other rinse-off and leave-on PCCPs (e.g. make-up, hair and skin care products)

Unintentional, occurring at
the production and recycling
stages

Intentional discharges
occurring during the use of
products.

Detergents and maintenance products containing microbeads (e.g. laundry detergents
and fabric softeners, cleaning products)
Industrial uses of microplastics (e.g. in offshore oil and gas exploration activities)

Use-based secondary microplastics

Synthetic microfibres Use, washing and drying of textile products (e.g. clothing, carpets, cloths) Unintentional emissions
Tyre wear particles Use of vehicle tyres during road transport activity occurring during the.use
Paint flakes Wear and loss of paint applied to ships, buildings and road surfaces phase, due to abrasion and

wear of products containing

Other land-based MPs Losses of rubber granulate from artificial sports turfs synthetic materials.
Losses of Polymer Modified Bitumen (PMB) in asphalt pavement

Wear and tear of utensils containing synthetic polymers (e.g. cooking utensils)

Wear and tear of brake pads

Marine-based Routine wear and tear of fishing gears

secondary MPs Wear and tear of aquaculture equipment

Degradation-based secondary microplastics
Land-based Littering, disposal of macro plastic waste in unregulated dumpsites; Fragmentation of macro
mismanaged macro Loss of material during extreme weather events and natural disasters; plastics leaked into the
plastic waste environment due to waste

Marine-based mismanagement

mismanaged plastic
waste

Fishing gear and other plastic material lost or discarded from ships, recreational
boats, fishing vessels, aquaculture facilities, or agricultural fields

Note: There can be numerous overlaps across categories. For instance, some microplastics here categorised as “use-based secondary
microplastics” could also be considered primary sources of microplastics. One example is rubber granulate, which is manufactured in the MP
size and intentionally added as infill material to artificial sport turfs.

Source: (ECHA, 2019p10;; GESAMP, 2015p14;; Fraunhofer Umsicht, 2018217)

1.2.2. Entry-pathways into the natural environment

Microplastics enter the natural environment via a number of pathways: i) direct discharge, ii) wastewater
networks, iii) dry and wet deposition and surface run-off and iv) fragmentation of plastic waste that has
leaked into the environment. These are summarised in Table 1.2 and further discussed in the following
sections.

Transport via the municipal wastewater network (point-source microplastics)

Urban wastewater networks collect used water resources originating from households and/or industries.
They receive microplastics originating from several sources, such as synthetic microfibers emitted during
laundering (and manufacturing) and plastic microbeads contained in rinse-off consumer products.
Additionally, the wastewater network may also collect diffuse-source microplastics contained in urban
runoff, i.e. the flow of excess water occurring in urbanised areas containing a variety of pollutants washed
off during precipitation events.!
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Table 1.2. Selected microplastics sources classified by entry pathway into the environment

Direct discharge Transport via the
wastewater network

(point-source)

Transport via dry and wet
deposition and surface
run-off (diffuse)

Degradation and
fragmentation of leaked
plastic waste

o Plastic pellets spilled o Discharge of microbeads
during transport and intentionally added to PCCPs,

o Textile microfibres emitted
during wearing and drying

o Mismanagement of land-
based macro plastic waste

" storage detergents, etc. e Tyre and road wear particles e Mismanagement of sea-
g o Wear off of paint applied e Industrial emissions of emitted during road transport based macro plastic waste
3 to ships microplastics activity
g o Textile microfibres emitted o Wear off of paint flakes from
@ during washing buildings and road surfaces
& o Diffuse microplastics collected = e Rubber granulate leaked from
by the sewage system artificial sport turf
o Unregulated incineration of
solid waste

Direct discharge into aquatic Discharge into industrial or Deposition on surfaces or Rate of MP generation and

or terrestrial environments household sewage. suspension in air. environmental fate vary
2 o Capture by existing o Direct dispersal in the depending on type of plastics
= wastewater treatment environment and environmental location
s infrastructure o Transport into the
£ o Release via wastewater environment via stormwater
g effluent or directly (e.g. during runoff
] CSO0s) o Collection by urban sewage

o Land application of sewage

systems

sludge (terrestrial pollution).

Note: The leakage of pre-production plastic pellets is a well-known issue which is being targeted by voluntary initiatives (PlasticsEurope,
2017122)). Globally, 75 plastics organisations and allied organisations have signed voluntary signed the Declaration of the Global Plastics
Associations for Solutions on Marine Litter, which includes commitments to steward the transport and distribution of plastic resin pellets from
supplier to customer to prevent product loss (Marine Litter Solutions, 201123)).

Source: Author

Currently, urban wastewaters constitute a significant pathway for microplastics to enter aquatic
environments. Over 80% of global used water resources are released into the environment without
treatment, meaning that large amounts of microplastics and other pollutants are discharged directly into
aquatic environments (WWAP, 201724)). The lack of wastewater treatment is an issue in several upper-
middle and low-middle income countries (especially in Sub-Saharan Africa and in the Asia-Pacific region),
where respectively only 38% and 28% of wastewaters are treated (Sato et al., 2013p25;; WWAP, 2017 24)).
Overall, several non-OECD still lack the wastewater infrastructure required to guarantee adequate water
supply and sanitation and to preserve water quality (OECD, 20152¢)).

In OECD countries, more than 80% of the population is connected to wastewater treatment facilities and
the presence of at least secondary level treatment is prominent (OECD, 2015pe). The treatment
technologies already in place can significantly reduce microplastics concentrations of the wastewater
influent (e.g. microplastics retention rates of up to 99% for wastewater treatment plants located in Finland)
(Lares et al., 201827;; Talvitie et al., 20172g)). However, the vast volumes of wastewaters treated imply that,
in absolute terms, substantial amounts of microplastics are continuously being discharged from WWTPs
into receiving water bodies.

The discharge of untreated wastewater from the waste water infrastructure can have a significant impact
on the release of microplastics and on the overall water quality of surface waters. Discharge may occur
due to technical faults at wastewater treatment plants (WWTPs) or sewer overflows occurring when the
hydraulic capacity of the wastewater system is exceeded (Baresel and Olshammar, 201929]). Wastewater
systems can either convey sewage only to the wastewater treatment plant (Separate Sewer Systems,
SSSs) or sewage combined with storm water through a single pipe (Combined Sewer Systems, CSSs).
Where CSSs are employed, periods of heavy rainfall may overload the sewer management system with
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storm water runoff, causing untreated domestic and industrial waste to be discharged directly into receiving
waters in order to prevent flooding in the system. As discussed in Box 1.2, combined sewer overflows
events are expected to become more frequent in future years due to climate change and continued
urbanisation, unless infrastructure is adapted.

Furthermore, a share of microplastics retained by WWTPs can enter the environment via applications of
wastewater sludge. Wastewater sludge is the waste by-product of wastewater treatment containing water
pollutants removed from the influent. Sludge reuse for agricultural applications (via “landspreading’, i.e.
the application to agricultural soil or in fertiliser production) is encouraged in several countries, mainly due
to the high nutrient content and its beneficial effects on crops, as well as to reduce the need for landfilling
or incineration (WWAP, 201724)). Although common national and regional regulations require that sludge
undergoes stabilising treatment prior to its disposal or safe reuse, these do not include restrictions on
microplastic concentrations, which usually vary between 1 000 and 170 900 particles per kg of dry sludge
(lyare, Ouki and Bond, 2020307). Evidence indicates that large amounts of microplastics are likely being
directly discharged onto terrestrial environments via sludge use in agriculture. An estimated 63 000-430
000 and 44 000-300 000 tonnes of microplastics are applied every year onto farmlands in Europe and
North America respectively (Nizzetto, Futter and Langaas, 201631]). Sludge disposal practices vary widely
by country, as presented for selected OECD countries in Figure 1.2.

Figure 1.2. Method of sewage sludge disposal in selected OECD countries (in 2017 or nearest year)
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Note: data refers to 2017, or nearest year
Source: Eurostat Dataset, Sewage sludge production and disposal.

Transport via dry and wet deposition, stormwater and road runoff (diffuse entry)

The most significant entry pathway for diffuse-source microplastics is likely to be the action of rain events
washing off particles and fibres suspended in air or deposited on outdoor surfaces (Dris et al., 201632).
Road runoff, i.e. the portion of precipitation which flows from road surfaces, is a known transport pathway
for a variety of pollutants originating from diffuse sources (e.g. heavy metals, hydrocarbons, urban
pesticides, litter), as well as for microplastics suspended in air or deposited on roads. Significant quantities
of diffuse pollutants are washed off especially during the first minutes of intense rainfall.

Depending on the local context, road runoff can either be channelled into the wastewater network or be
discharged directly into nearby surface waters or soil. In urban areas, runoff collected by drainage systems
may be conveyed with sewage via CSSs to wastewater treatment plants to be treated. However, the
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majority of microplastics washed off by rain events likely end up directly in the environment (NIVA, 201833)).
Especially in non-urban areas, road and stormwater runoff is commonly discharged directly into
surrounding water streams, contributing to the deterioration of water quality. As outlined in Box 1.2,
continued urbanisation and climate change are projected to magnify the incidence of diffuse pollution on
the quality of surface waters, mainly as a consequence of the higher frequency of extreme precipitation
patterns, increasing road traffic and sealing of surfaces, and the higher propensity for flooding and
combined sewer overflows (OECD, 2017/34)).

Box 1.2. Impacts of climate change on water quality and microplastics pollution

Climate change puts increasing pressure on existing water quality challenges. Altered precipitation and
flow regimes may result in higher volumes of runoff containing diffuse pollutants to water bodies, mainly
due to a combination of increased pollutant loadings during heavy rainfall and an increased build-up of
pollutants on catchment surface areas during long dry weather periods (OECD, 201734;). Furthermore,
unless mitigation measures are taken, continued urbanisation and climate change are projected to
worsen existing drainage problems and pose significant risks to the performance of sewer systems,
potentially exacerbating the frequency and intensity of CSOs.

As climate change intensifies and extreme weather events become more frequent, this may also create
higher pressures on aquatic plastic pollution. As indicated by recent studies, extreme weather events
(such as heavy rainfall, flooding, droughts) discharge significant quantities of plastics and microplastics
from land and river catchments into the oceans or river estuaries, either due to an effective flushing out
of microplastics from rivers, or the transport of larger quantities of mismanaged plastic waste from land
sources. For instance, a study conducted in Northern England found that flood events flush out 70% of
the microplastics stored on the beds of rivers discharging into the Irish Sea (Hurley, Woodward and
Rothwell, 201835)). Similar studies conducted in South Korea and India found that microplastics
concentrations were three times greater following heavy rains and floods, respectively (Lee et al.,
2013361; Veerasingam et al., 201637).

Generation of secondary microplastics from macro plastic waste

The fragmentation of leaked macro plastics is likely to be a major contributor to microplastics pollution.
Fragmentation into microplastics results from the degradation of ageing plastics, i.e. a change in the
mechanical and chemical properties of materials (e.g. strength, colour, shape) causing the breakdown of
plastic polymers.? This typically occurs via photo degradation under exposure to UV radiation, via thermo-
oxidative degradation under the effect of oxygen exposure and moderate temperatures, via physical
degradation caused by abrasive forces, or via a combination of these processes (GESAMP, 201511,
UNEP, 2015;15;; Fraunhofer Umsicht, 201821)).

The rate of generation of degradation-based microplastics is poorly understood and difficult to predict due
to the complexity of factors which influence it, as well as the time variability in degradation patterns. In
general, the rate of degradation is mainly influenced by:

e Plastics composition and age. Prodegradants are additives aimed at accelerating degradation
processes and their utilisation (e.g. in oxo-degradable plastics) enhances the generation of
microplastics (EC, 20183s)). Conversely, the presence of additives aimed at preventing ageing and
oxidation, such as UV stabilisers and anti-oxidants, generally slows down the degradation of
plastics. While certain polymer structures may generate microplastics at a faster rate, this has not
been extensively studied yet. In general, plastic polymers of items designed to last may be more
resistant to weathering and degradation.
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e Environmental fate of plastics waste. Since the degradation and fragmentation of plastic s is mainly
driven by the exposure to certain environmental factors, the rate of generation of microplastics is
highly dependent on the environmental fate of plastics. Table 1.3 presents estimated rates of
degradation and fragmentation of plastics in different environmental media. In general, plastic
degradation is assumed to occur slowly in aquatic environments. Temperatures are generally too
low to prompt thermo-oxidative degradation processes and UV light may only reach plastics floating
on the surface of water bodies. Also, the development of biofilms on the surface of floating plastics
may shield away UV light or cause the plastics to sink, impeding degradation (Gregory and
Andrady, 2003p9; Fraunhofer Umsicht, 201821)). Fragmentation into microplastics may occur
relatively quickly on beaches, due to exposure to moderate temperatures, UV light and oxygen, as
well as the abrasive action of sand and sea waves on plastic debris (Cooper and Corcoran, 20100j;
UNEP, 20161)).

Table 1.3. Degradation and fragmentation of plastics in aquatic environments

Environmental media Presence of environmental conditions Degradation process Rate of degradation and
affecting the degradation and fragmentation
fragmentation of plastics
Beaches and coastal areas UV radiation Photo degradation Fast/Moderate
Oxygen available Thermal oxidation
High/moderate temperatures Mechanical abrasion
Water surface UV radiation Photo degradation Slow

Oxygen available
Low temperatures

Lower vertical compartments of UV radiation not available Negligible / Mineralisation Very slow
oceans and sediments Low oxygen levels

Very low temperatures

Source: Adapted from (UNEP, 20161); GESAMP, 2015;11)).

Modelling the environmental fate of marine plastic litter and its exposure to environmental conditions
enhancing degradation remains a challenge due to the complex set of factors which may influence the
horizontal and vertical transport of plastics in water, such as marine currents, the density of plastics
compared to that of seawater and the creation of biofilms. Recent studies indicate that over 90% of
mismanaged plastics entering the oceans end up in sediments and in the lower levels of the oceanic water
column, where they may take a long time to degrade (Eunomia, 2016p2; GESAMP, 2015(11)). The
generation of microplastics may be relatively high on beaches and coastal areas, which receive
approximately 5% of all plastic litter (mainly packaging and other single use-plastics) entering the oceans
every year from land-based sources (Eunomia, 201642)).

The decomposition of landfilled plastic waste may also be contributing to microplastic pollution of the water
cycle, through leachate from both active and closed landfills (He et al., 2019u3); Praagh, Hartman and
Brandmyr, 2019u4)). Landfill leachate is the liquid that has seeped through solid waste in a landfill and has
been contaminated with pollutants originating from decomposing waste. It contains contaminants which
are toxic for the environment and so it generally undergoes specialised treatment before being discharged.
However, microplastics generated in sanitary landfills could leak into soil and groundwater where there are
defects in landfill liners (He et al., 2019u3)). Further, it may also be the case that microplastics persist in
leachate for a long time after the post-closure monitoring period (usually 30 years)® and that these are
released directly into water streams. Overall, the occurrence of microplastics in leachate remains largely
unknown and more research is required to estimate the contribution of landfilled waste to microplastics
pollution of soils and water streams (Magnusson et al., 2016s)).
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1.3. Current trends in microplastics pollution

As illustrated in Figure 1.3, OECD and non-OECD countries tend to face different waste management and
plastic pollution challenges. Even though the mismanagement of plastic waste is mainly an issue outside
of the OECD area, microplastics leakage is an emerging reason of concern in most OECD countries. North
America, Western Europe and Japan alone account for almost one third of global microplastics emissions
and for 45% of total microplastics losses from tyre abrasion. This section discusses major trends in macro
and micro plastics pollution in OECD countries and beyond.

Figure 1.3. Geographic distribution of losses of macro- and micro-plastics (million tonnes per year)
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Note: CIS stands for Commonwealth of Independent States
Source: Elaboration of data from (UNEP, 201820)). World Bank (20176)) population data.

1.3.1. Flows of mismanaged macro plastic waste

Human activities on land contribute to approximately 80% of the pollution of aquatic environments with
plastic debris (Li, Tse and Fok, 2016p7)). Plastic waste generated on land enters the environment mainly
where collective waste management systems are lacking or unable to manage waste effectively. An
estimated 2 billion people do not have access to solid waste collection and tend to resort to independent
disposal practices such as open dumping, open burning and direct disposal in the environment (World
Bank, 2018ps)). Dumped plastics as well as waste disposed of in uncontrolled landfills may easily disperse
in the environment, for instance by the action of wind or currents in waterways (UNEP, 20169)).

Approximately 76 Mt of plastic waste are mismanaged every year in river catchment areas and may
potentially enter rivers (Schmidt, Krauth and Wagner, 2017s0;). While rivers and river beds are important
sinks of debris themselves, plastics with a lower density and higher propensity to float (e.g. bottle caps,
plastic bags, plastic bottles filled with air) may be transported into marine waters by river currents and
contribute to marine plastic pollution. Lebreton et al. (201751]) estimate that between 1.15 and 2.41 Mt of
plastic waste enters the oceans every year from rivers. The top 20 polluting rivers, which account for 67%
of plastic flows from the global riverine system into the oceans, are mostly located in the Asian continent
(Lebreton et al., 201751)).

Proximity to the coast may result in large quantities of mismanaged plastic litter reaching the oceans.
Assuming inputs into the sea are proportional to the amount of plastic waste that is mismanaged within 50
km of the coast, Jambeck et al. (2015}s)) estimated the amount of marine plastic debris generated in coastal
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countries at 4.8-12.7 Mt per year. Although the data employed does not allow for precise estimates, the
study predicted that the majority of land-based emissions of plastic litter into the oceans occur in emerging
economies in East and South Asia, mainly due to a combination of high intensity of human activities near
the coast, high plastic waste generation and poor waste management. Especially in South Asian countries,
waste collection rates are low and open dumping is common (World Bank, 2018s;).

Oceans are also heavily polluted with plastic debris discharged directly from marine-based sources, such
as commercial and fishing ships, recreational boats and offshore industrial sites. The incidence of marine-
based leaked plastic litter may be particularly high in the open ocean. A recent study of plastics in the
Great Pacific Garbage Patch found that marine-based sources contributed to at least 50% of all recovered
plastics mass (Lebreton et al., 2018;52;). In particular, lost or discarded fishing gear has been identified as
a significant source of marine pollution, including degradation-based microplastics (Macfadyen, Huntington
and Cappell, 2009g)).* The main factors causing the loss or abandonment of fishing gear are gear conflicts
and overfishing (mainly caused by illegal, unregulated and unreported fishing), adverse weather conditions
and the costs of gear retrieval (Macfadyen, Huntington and Cappell, 2009g); Richardson et al., 2018s3)).

1.3.2. Flows of microplastics and regional distribution

The main studies modelling the releases of primary and use-based secondary microplastics on a global
(or macro-regional) level have been conducted by Eunomia (201642); 2018;s41), the International Union for
the Conservation of Nature (2017s5)) and UNEP (2018207). Table 1.4. presents a summary of available
estimates of annual microplastics releases into the environment by source. Up to 3.01 Mt of primary and
use-based secondary microplastics enter the environment annually (UNEP, 2018207). The wear of synthetic
textiles and vehicle tyres alone accounts for between one-half and two-thirds of all microplastics releases
(Eunomia, 201642;; IUCN, 2017s5; UNEP, 2018207).

Table 1.4. Relative contribution to microplastics pollution by source

(Eunomia, 2016p42) (Eunomia, 2018}s4)) (IUCN, 2017s5)) (UNEP, 201820))
Geographical scope Global EU Global Global
Environmental sinks considered Marine environment Agquatic environment Marine environment All

Synthetic textiles 20% % 35% 9%
Automotive tyre debris 28% 54% 28% 47%
Plastic pellets 24% 23% 0% 1%
City dust - - 24% 22%
Infill in artificial sport turfs - 1%
Paint

Buildings 14% 3% - -

Marine 2% 0.2% 4% 2%

Road 8% 8% % 20%
Personal care and cosmetic products 4% - 2% 0%
Fishing gear - 1%
TOTAL (Mt) 0.95 0.2 0.8-2.5 3.01

Note: In the IUCN and UNEP reports, “city dust” includes losses from the abrasion of objects and infrastructure, the blasting of abrasives and
intentional pouring (e.g. abrasion of synthetic footwear, utensils and building coatings, household and city dust, rubber granulate from artificial
sports turfs).

Source: (Eunomia, 2016u2;; Eunomia, 2018s4;; IUCN, 201755;; UNEP, 201820))

There are significant differences in model estimates both in terms of total releases and in terms of the
relative contribution of sources. Available models are largely based on national-level estimates of
microplastics releases for a number of countries located in Northern and Western Europe, which may not
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be representative of emissions in other regions (Essel et al., 2015;s6); Lassen et al., 2016s7;; Magnusson
et al., 2016u5; MEPEX, 2014ss)). Further, differences in the methodologies employed, the environmental
sinks considered and in the assumptions taken on the transport and fate of microplastics may also partially
explain the divergences.® Overall, better and more representative geographical coverage of the source
data as well as more industry-derived data (e.g. on fibre shedding from textiles, tyre abrasion, industrial
emissions) are needed in order to improve the quality of estimates of the flows of microplastics from source
to sink.

While all macro regions contribute to the release of microplastics, there are significant regional differences.
Figure 1.4 presents microplastics losses to the environment by source and by macro region. In Western
Europe, North America and Japan the primary sources of microplastics releases are the abrasion of tyres
and road markings. For synthetic microfibres, the majority (72%) of losses occur in four macro regions:
China, India, the rest of Asia and North America. Broadly, while in emerging economies microplastics
releases tend to be high primarily due to the low rates of connectedness to wastewater treatment plants
and large population sizes, in OECD countries diffuse sources of microplastics constitute the majority of
emissions. With regards to synthetic microfibres, there are concerns that other stages of the use phase
(wearing) as well as the production phase might also significantly contribute to microplastics pollution.
While models so far have only considered the washing of textiles due to a lack of data and monitoring, the
high volumes of microfibre emitted during washing in countries where the majority of global fibre and textile
production takes place (e.g. China, India) suggests that microfibre releases into waterways from production
could also be substantial. Further research is required in order to evaluate the contribution of industrial
emissions to microplastics pollution.

Figure 1.4. Sources of microplastics releases to the environment by macro region (million tonnes
per year)
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Source: Elaboration of data from (UNEP, 2018;20)

1.4. Environmental sinks

1.4.1. Marine environments

The presence of microplastics has been documented in every habitat of the major ocean basins, including
semi-enclosed seas, coastal environments and beaches and polar ice (Browne et al., 2011(s9); Desforges
et al., 2014605; Eriksen et al., 2013s15; Lusher et al., 2015;2;; Obbard et al., 201463;; Wessel et al., 2016(64)).
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Microplastics are also present at all ocean depths, from the sea surface to the ocean floor (Barrett et al.,
2020i6); Browne et al., 2011s9;; Choy et al., 2019es)).

Available surveys of marine microplastics are fairly recent and limited in number, but can provide a good
knowledge base of the trends of accumulation of microplastics in marine waters. Coastal environments are
particularly vulnerable to microplastics pollution, likely due to proximity to the point of emission (e.g. river
and sewage effluents, coastal human activity) (Browne et al., 201159;; Cole et al., 2011e;). A map of
indicative microplastics abundance on the surface of coastal marine waters, based on data from Lebreton
et al. (20127)), is presented in Figure 1.5. Concentrations of floating microplastic are especially high in
semi-enclosed seas (e.g. the Mediterranean Sea) and eastern seas (GESAMP, 201511;). With regards to
microplastics in the open ocean, hotspots of floating microplastics have been identified in gyres, i.e. areas
where marine currents concentrate floating debris (Eriksen et al., 2013s1;; Cozar et al., 2014s;; Van Sebille
et al., 2015(s9)).

Figure 1.5. Indicative risk of floating microplastics pollution in large marine ecosystems
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Source: Adapted from Large Marine Ecosystems Database, Estimated relative distribution of microplastic abundance in Large Marine
Ecosystems, based on (Lebreton, Greer and Borrero, 2012;7)), http://bit.ly/2L K4ucM.

Significant knowledge and data gaps persist with regards to the quantities and distribution of microplastics
in the oceans. Estimating microplastic concentrations in marine environments remains a challenge for
several reasons:

e High variability. The distribution and transport of microplastics is highly variable and difficult to
model, due to the complexity of factors influencing it (e.g. marine and wind currents, the density of
the plastics compared to that of seawater, the creation of biofilms). Large differences in
microplastics concentrations may exist across oceans areas as well as different depths (Cézar
etal.,, 2014;s; Claessens etal., 201170;; Eriksen etal., 2014(71)). High variability limits the
representativeness of individual studies and poses limitations for the global scaling up of results
(GESAMP, 201511;). Also, knowledge gaps persist with regards to the rate of degradation and
fragmentation under different environmental conditions or due to interaction with living organisms.6

e The lack of harmonised sampling and characterisation methodologies for microplastics also poses
challenges to the extrapolation of global-level results. Surveys of marine microplastics tend to
employ a variety of sampling methods, cut-off sizes and metrics to present results, rendering
findings difficult to compare and aggregate.
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e Limited geographical coverage of sampling. In recent years, the use of manta trawls (i.e. net
systems designed to collect microplastics from seawater over long distances) has allowed for the
expansion of the geographical coverage of microplastics surveys (SAPEA, 201913)). Yet, sampling
coverage remains largely limited to surface waters which are more accessible (such as the
Mediterranean Sea) or which are already the focus of research on macro plastics pollution (such
as subtropical gyres).

e Methodological issues in sampling surface waters. A significant drawback of the net system of
mantra trawl methods employed to sample the ocean surface is that they cannot retain smaller
microplastics (generally below 0.333 mm). Surveys of the ocean surface have consistently found
lower amounts of microplastics than previously thought and especially of small microplastics
(Cozar et al., 2014s;; Eriksen et al., 201471)). With current data and sampling methodologies, it is
impossible to determine with confidence whether this gap exists due to methodological issues, or
whether other factors (e.g. biofouling, degradation, transport via marine currents, ingestion by
marine species) may be contributing to the transport of microplastics away from the ocean surface
(Cozar et al., 2014ss)).

e Lack of microplastics survey data for lower compartments of the sea. Microplastics surveys of the
seafloor can be particularly complex and expensive to conduct. However, it has been suggested
that the deep sea may be a large sink of microplastics, mainly due to the sinking effect of biofouling
(SAPEA, 201913)). Hotspots of microplastics accumulation may form near the seafloor due to the
influence of marine currents on the horizontal distribution of microplastics, potentially also
overlapping with biodiversity hotspots (Kane et al., 202072). Further field research is required to
reliably assess the occurrence, distribution and risks of microplastics close to the ocean floor.

1.4.2. Freshwater environments

Several recent studies have also pointed to freshwaters as important microplastics sinks. Microplastics
have now been observed in the surface waters and sediment of lakes and rivers, as well as in drinking
water (Free et al.,, 201473; Koelmans et al., 201974); Castafieda et al., 201475; Wang et al., 20177s;;
Eriksen et al., 201377). Key pathways of microplastics pollution to freshwaters are terrestrial run-off and
wastewater effluent, as well as mismanaged plastic waste.

Observed microplastics concentrations in freshwater environments vary widely depending on the sampling
location. Table 1.5 presents microplastics concentrations from selected studies looking at microplastics in
freshwaters (Koelmans et al., 2019p74)). For surface waters of lakes and rivers, some studies report
concentrations significantly higher than the average observed concentrations for the ocean surface, while
others report relatively low numbers. In general, the different methodologies employed (e.g. sieve sizes)
render results difficult to compare and aggregate in order to draw general conclusions on the degree of
MP pollution of different freshwater bodies.

Microplastics contamination of water destined for human consumption has also been reported (Kosuth,
Mason and Wattenberg, 20187s); Mintenig et al., 201979); Schymanski et al., 2018s0)). In general,
groundwater resources are generally well protected from contamination and drinking water treatment
removes most microplastics (Koelmans et al., 201974;). However, further research is required to assess
potential routes of microplastics contamination of drinking water (e.g. the distribution stage) and the
potential for human health risks (WHO, 2019js1)).
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Table 1.5. Concentrations of microplastics in freshwater milieus

Type Location Results reported (average Lower size bound

concentrations, particles / litre) (Mm)

Groundwater Germany 0-0.007 3

Reservoir, surface waters China 1.6-12.6 48

and sediments

Lake, surface waters China 0.9-2.8;1.3-4.7 50

Urban surface waters China 1.6-8.9 50

River Switzerland, France, 0.0056 300

Germany, Netherlands
Lake, surface waters USA 0.00026 333

Source: (WHO, 2019s1)).

Box 1.3. Non-aquatic environmental sinks of microplastics

Non-aquatic environmental media (soil, air) can also be considered microplastics sinks.
Soil

Sludge and fertiliser application are key entry pathways into terrestrial environments, predominantly for
synthetic fibres and other microplastics present in municipal wastewaters. Microplastics have been
detected in agricultural fields in North America (1 microfibre per gram) (Zubris and Richards, 2005;s2;),
Mexico (0.87 particles per gram) (Huerta Lwanga et al., 2017(s3;) and China (7.10 — 42.96 particles per
gram) (Zhang and Liu, 2018s4)). Current knowledge indicates that microplastics entering soil through
sludge may persist for a long time after the interruption of sludge application (Zubris and Richards,
2005(s2;; Browne et al., 2011s9)). Additionally, atmospheric transport and road side deposition of
microplastics, the use of intentionally-added microplastics in agriculture (e.g. seed coatings, controlled
release fertilisers) and the degradation of plastic items employed in agriculture (e.g. agricultural mulch
films) may also substantially contribute to terrestrial microplastics pollution.

In general, microplastics pollution of terrestrial habitats is a new field of research. Sampling
methodologies are still under development, and significant data and knowledge gaps persist on the
quantity, distribution and potential degradation of microplastics in soil. Further research is required in
this field, especially with regards to microplastics persistence in the top layers of soils, penetration in
lower levels, potential leakage into groundwater or rivers and the hazards posed to terrestrial species
and ecosystems.

Air

Similarly, knowledge of airborne microplastics remains limited. Significant quantities of microplastics
have been identified in atmospheric fallout (i.e. dust and particulate matter) in Paris, Hamburg and
Dongguan (China) (Dris et al., 2016(32;; Klein and Fischer, 2019;s5); Cai et al., 2017(s6]), as well as in
protected areas of the United States (Brahney etal.,, 2020i7). Commonly sampled airborne
microplastics are those released during the use of garments and from road transport activity (see
Chapter 2). Recent evidence indicates that airborne microplastics can travel for long distances and that
air deposition may play a significant role in the pollution of remote and pristine areas (Allen et al.,
2019ss;; Evangeliou et al., 2020;s9)). Overall, knowledge of the abundance and concentrations of
airborne microplastics remains limited, especially with regards to smaller microplastics and
nanoplastics, and further research is required in this area.

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021




28 |

1.5. Environmental and human health impacts

Emerging knowledge on the ubiquitous environmental presence of microplastics raises concerns for the
hazards that these may pose to the health of ecosystems and humans. The next sections summarise
findings on microplastics exposure levels (Section 1.5.1) and the health hazards posed by the toxicity of
the particles (Section 1.5.2) and present an assessment of the risk implications for ecosystem and human
health (Section 1.5.3). It is important to note that a significant challenge in the assessment of risks
associated with microplastics is that the word is employed as an umbrella term to describe a vast array of
particles with different physico-chemical characteristics and different potential for eco-toxicological effects.
A discussion of specific environmental and health concerns associated with microplastics originating from
the use of textiles and tyres is also included in Chapter 2.

1.5.1. Exposure

Aquatic species

Microplastics contamination has been documented for several marine and freshwater species, including
planktonic organisms (Cole et al., 2017907), mussels and crustaceans (De Witte et al., 201491;; Farrell and
Nelson, 2013e2)), freshwater and marine fish species (Jabeen et al., 201793;; Lusher, McHugh and
Thompson, 2013je41), marine mammals (Fossi et al., 2016y95; Hernandez-Milian et al., 201996)), marine
birds (Verlis, Campbell and Wilson, 2013e7); van Franeker et al., 20119g]), as well as for some terrestrial
species such as earthworms (Rillig, 201299]). The main exposure route for wildlife is through ingestion,
either due to the direct ingestion of microplastics or the ingestion of contaminated species.

Exposure to direct microplastics ingestion may be highly variable across different habitats and species,
mainly due to differences in feeding strategies and variation in microplastics characteristics and
concentrations across different feeding habitats. Particle size may be the most important factor in
determining ingestion incidence (Andrady, 201117;). Smaller microplastics are more likely to be mistakenly
ingested as prey, especially by small invertebrates at the bottom of the food chain and by filter feeders, i.e.
species which strain food from the surrounding waters indiscriminately, such as small and medium
invertebrates (e.g. planktons) and certain large mammals (e.g. baleen whales) (Fossi et al., 2012f100;;
Wright, Thompson and Galloway, 2013101;; GESAMP, 2015(11;)”. There is also growing concern that certain
selective feeders, i.e. species which have the ability to selectively ingest food such as copepods (a type of
small crustacean), may selectively ingest plastic particles containing chemicals sorbed from the
surrounding environment, due to their resemblance to prey (Procter et al., 2019102); Lusher, Hollman and
Mendoza-Hill, 2017}103)).

Microplastics ingestion can also occur indirectly via the ingestion of contaminated species. The transfer
across steps of the ecosystem food chain, known as trophic transfer, amplifies the exposure risk to all
species in the food chain. Although indirect microplastics ingestion has been documented only for a few
species (e.g. mussels, crabs, herring, captive seals) (Diepens and Koelmans, 2018;104; Farrell and Nelson,
2013192;; Lusher, McHugh and Thompson, 2013;94;; Nelms et al., 2018;1051), evidence of a large occurrence
of microplastics in organisms at the bottom of the food chain (e.g. planktons) and recurrent inconsistencies
between the types of microplastics retrieved in organisms and those commonly found in their habitats,
point to a potentially large contribution of indirect ingestion to total microplastics exposure of aquatic
organisms (SAPEA, 201913)).

Humans

Freshwater and marine microplastics contamination may contribute to increasing human exposure to
microplastics, via the ingestion of commercial seafood. Microplastics have been documented in the
digestive tract of several types of mussels and fish destined for human consumption (Van Cauwenberghe
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and Janssen, 2014106]). These, especially when consumed without removing the digestive tract, may
constitute a significant exposure route to humans (Lusher, Hollman and Mendoza-Hill, 2017103]). The
presence of microplastics has also been documented in several other contaminated food and beverages,
such as tap and bottled water (Kosuth, Mason and Wattenberg, 20187s;; Mintenig et al., 201979]), beer
(Liebezeit and Liebezeit, 20141077), sea salt (Iniguez, Conesa and Fullana, 201710s)) and edible fruit and
vegetables (Oliveri Conti et al., 2020109]). Further, humans may also be exposed to the inhalation of
airborne microplastics present both in indoor and outdoor environments (Dris et al., 2017110;; Gasperi
etal., 2017p111)).

According to Cox et al. (2019112)), the estimated daily intake for adult women and men in the United States
is of 126 and 142 particles, respectively, for ingested microplastics, and 132 and 170 particles respectively
for inhaled microplastics. Conversely, a second study concluded that the largest source of microplastics
acquisition is by far the ingestion of contaminated food and beverages, while the inhalation of microplastics
represents a negligible exposure route (WWF, 2019113)). More recently, microplastics have also been
sampled in the human placenta, raising concerns on the levels of human exposure to MPs and the potential
impacts on foetus development (Ragusa et al., 2021114)). Overall, further data is needed in order to
produce reliable and methodologically valid assessments of human exposure to microplastics via multiple
exposure routes.

1.5.2. Toxicity of microplastics

Toxicity of microplastics to species, humans and ecosystems is defined as the combination of:

o the physical toxicity of the uptaken particles, i.e. the adverse health effects caused by the transition
or permanence of particles in organisms;

e the chemical toxicity, i.e. the adverse health effects caused by the chemicals present in the
ingested or inhaled microplastics; and

o the pathogen toxicity, i.e. the potential of microplastics to act as a vector of microbial communities
(WHO, 20191)).

Physical toxicity

In aquatic species, the majority of the ingested microplastics are likely to be directly excreted. Yet, systemic
exposure to microplastics ingestion may cause several physical injuries such as internal inflammation and
abrasion, or blockages of the gastrointestinal tract. Laboratory experiments have shown that high exposure
to microplastics may result in reduced feeding efficiency, starvation, reduced growth rates, physical
deterioration and increased mortality rates (Wright, Thompson and Galloway, 2013101)).

The physical toxicity of ingested microplastics on humans remains largely unknown: current knowledge is
largely based on inference from observed impacts on marine and terrestrial organisms. Over 90% of
ingested microplastics are thought to pass through the gastrointestinal system without being retained
(Smith et al., 20181155 EFSA CONTAM Panel, 2016116)). Factors affecting the clearance/retention rate are
likely to be the size, shape and polymer and chemical composition of microplastics. It is believed that only
very small (<1.5 ym) microplastics may be retained and transferred into the lymphatic system and human
organs, although the mechanisms and impacts of microplastics uptake remain unknown (EFSA CONTAM
Panel, 2016116)). Still, systemic exposure to microplastics ingestion may lead to localised effects on the
immune system, inflammation of the gut and intestine irritation (EFSA CONTAM Panel, 2016116; WHO,
2019s1). Overall, further research is required in order to reliably assess the physical toxicity associated
with the ingestion of microplastics, and especially of nanoplastics, on humans (WHO, 2019;s1)).

Similarly, only a small portion of the inhaled microplastics is expected to reach the lungs (Gasperi et al.,
2017p11)). The inhalation of air pollutants may be facilitated by the small size of particles, as well as by
compromised clearance mechanisms or respiratory functions at the individual level (Prata, 2018117)).
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Chronic exposure to high concentrations of microplastics has been shown to lead to a higher prevalence
of respiratory irritation, chronic respiratory symptoms, restrictive pulmonary function abnormalities, and
possibly also to reproductive toxicity and carcinogenicity (Gasperi et al., 2017111;; Pimentel, Avila and
Lourenco, 2008(11g)).

Chemical toxicity

Microplastics are generally found in the environment as complex mixes of different chemicals. Several
chemical additives are combined with plastic polymers during manufacturing to enhance a number of
desirable properties of the final plastic product (e.g. resistance to UV, biodegradation, oxidation, heat and
optical brightness and colour) (OECD, 2018;119)).® Microplastics are also prone to sorbing persistent organic
pollutants (POPs) and heavy metals from aquatic or aerial environments.

Chemicals present in microplastics may leach out following ingestion and pose hazards to the health of
aquatic organisms and humans (Rochman et al., 201914;; SAPEA, 2019p13;). Additives such as Bisphenol
A, PCBs, phthalates and some brominated flame retardants are suspected endocrine disruptors, i.e.
chemicals with thyroid-disrupting effects (WHO, 2019s1;). Other known or suspected health effects of
hazardous chemicals added during plastic production include carcinogenicity, reproductive health effects,
developmental toxicity and mutagenicity (i.e. the induction of a transmittable change in one’s genetic
material). For chemicals and metals sorbed once plastics is released into the environment, potential effects
on marine biota may include altered feeding behaviour, endocrine disruption, liver toxicity, tumour
promotion and reduced survival (GESAMP, 2016119]). Generally, complex equilibria dependent on the
relative concentrations of pollutants in each compartment will determine absorption/desorption rates and
the exposure levels for organisms (GESAMP, 201511)).

Pathogen toxicity

Microplastics may also act as transfer media for invasive species and virus-bearing organisms potentially
harmful to ecosystems and human health. The surface of macro- and micro- plastics in aquatic
environments is an ideal habitat for diverse bacterial assemblages to attach and colonize (Frére et al.,
2018p120;; WHO, 2019s11). As microplastics and pathogens are both commonly found in wastewater
treatment plants, this joint exposure may increase the potential for pathogens to colonize the surface of
microplastics. Documented microbial communities include those formed by pathogens commonly present
in sewage as well as microorganisms able to degrade plastic polymers (Curren and Leong, 2019121)).
These may be transferred to humans via contaminated food and beverages, potentially causing
imbalances in microbial communities present in the organism or spreading antibiotic resistance (SAPEA,
201913;; WHO, 2019s1)).

1.5.3. Environmental and human health risks and knowledge gaps

Risk assessments have been carried out in order to scientifically evaluate the adverse ecological and
health impacts resulting from microplastics pollution of aquatic media. Risks are generally assessed as a
function of hazard and exposure. Humans and other living species commonly ingest particles of different
types and origins, and the presence of microplastics in the environment does not necessarily imply a risk
for the health of organisms. Conversely, the inherent toxicity of a particle may result in health risks only
under specific conditions, such as the surpassing of certain exposure levels or the vulnerability of specific
species to ingesting microplastics (WHO, 2019;s1)).

Available risk assessments for microplastics in aquatic environments indicate that average concentration
levels lead to limited ecological risks, although adverse effects may already be occurring in certain highly
polluted coastal waters or beaches (Besseling et al., 2019122;; Burns and Boxall, 2018;123); Everaert et al.,
2018124)). Based on the available evidence, the Science Advice for Policy by European Academies
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Working Group (2019131) concluded that continued microplastics emissions and increases in concentration
levels in different environmental media may lead to widespread ecological impacts in the near future and
recommended action “to reduce, prevent and mitigate” microplastics pollution in order to reduce risks. At
the same time, the group of experts highlighted the need for more data on microplastics occurrence, fate,
exposure levels and modes of toxicity (including sorption mechanisms for chemicals) in order to produce
higher-quality risk assessments.

Similar conclusions can be drawn with regards to risks posed specifically to human health. While physical
toxicity of particles has been observed in aquatic species, research efforts have yet to determine if this
may also occur in humans and what the critical exposure levels may be (SAPEA, 2019p13)). Although it is
now established that microplastics can act as a vector of toxic chemicals to humans, current evidence
suggests that present concentration levels of microplastics are not a major exposure pathway relative to
other existing ones (SAPEA, 201913)). Conservative estimates of the exposure to microplastics through
ingestion of a portion of seafood are 7 pg of microplastics, which would contribute to less than 0.2% of the
average total dietary exposure to Bisphenol A, PCBs and PAHs (EFSA CONTAM Panel, 2016(116}; SAPEA,
2019n3)). With regards to pathogen toxicity, current evidence suggests that microplastics do not yet
constitute a significant exposure route to pathogens potentially harmful to human health, relatively to other
potential transfer media (e.g. contamination of water pipes, inadequate wastewater treatment) (WHO,
2019s1). The recent WHO (2019s1]) assessment of the potential human health impacts of microplastics in
drinking water concluded that there is no evidence to indicate a human health concern, advised for a
reduction in plastic pollution to mitigate exposure levels and called for further research to more accurately
inform risk assessments.

Overall, further research and better exposure data and toxicity assessments are required in order to
adequately identify and assess risks for human health. Future research needs are summarised in Box 1.4.

Box 1.4. Limitations and further research needs

To improve the quality of risk assessments, further research is required on:

e Microplastics occurrence and exposure levels. The lack of high-quality estimates of
microplastics concentrations in different aquatic compartments limits our understanding of
exposure levels for biota and humans. More data is especially needed to adequately quantify
exposure to smaller microplastics and nanoplastics, which can be ingested more easily and
which are believed to pose a higher risk of health hazards to wildlife and humans (SAPEA,
2019113)). The standardisation of microplastics definitions and analytical methods for sampling
and characterisation can help to accelerate research in this area and facilitate the comparison
of results.

e [Fate of microplastics and persistence in organisms. Laboratory experiments carried out on
certain aquatic species have documented the uptake of microplastics as well as their transfer
to tissues and body liquids (Van Cauwenberghe, Claessens and Janssen, 2013p125; Van
Cauwenberghe et al., 2015}126)). The presence of microplastics in organisms is thought to be
temporary, however the mechanisms of uptake, accumulation, and excretion of microplastics in
humans and other species remain largely unknown (GESAMP, 2015(11)).

e Concentration thresholds for health risks. Substantial knowledge gaps persist also with regards
to the concentration levels that lead to adverse health consequences. Laboratory experiments
usually employ unrealistically high concentration levels and thus cannot reproduce the
relationship between exposure levels and adverse effects as it may occur in the natural
environment (GESAMP, 2016;19)).
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1.6. Possible future trends

1.6.1. Plastics production, use and disposal

Plastics production is projected to continue to increase, causing concern for the projected leakage of
plastics and the potential amplification of macro- and micro- plastics pollution. This is for two reasons in
particular:

1. Theincrease in plastics production in recent years has been mostly driven by the packaging sector,
which now constitutes almost 40% of all plastics production (Geyer, Jambeck and Law, 20172).
Packaging and other single-use plastics are discarded soon after use, significantly contributing to
the generation of plastic waste.

2. The largest increases in plastic waste generation are expected in regions where waste
management is poor. Figure 1.6 presents projections for the top twenty coastal countries by mass
of mismanaged plastic waste in 2025: eighteen of them mismanaged more than 50% of their plastic
waste in 2010 (Jambeck et al., 2015;5)). As their waste management systems may not develop at
a sufficiently quick rate to deal with the additional amounts of plastic waste generated, this may
lead to larger quantities of plastic waste dispersed into the environment.

Figure 1.6. Top 20 coastal countries ranked by mass of mismanaged plastic waste in 2025

Mismanaged Plastic Waste (Mt) in 2010 Hl Mismanaged Plastic Waste (Mt) in 2025
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Note: * indicates countries where more than 50% of plastic waste is currently mismanaged
Source: Based on data from (Jambeck et al., 2015;s)

Current trends in plastics production and disposal, combined with the lack of effective solid waste
management systems in several parts of the world, suggest that flows of mismanaged plastics to the
oceans will continue to contribute to the generation of secondary microplastics in years to come. Source-
reduction policies (e.g. bans and taxes on single-use plastic goods) remain limited in scope, while clean-
up initiatives are expensive, remove only plastics from the surface of the oceans or from beaches and can
only be sufficiently effective in the presence of emission reductions (The Ocean Cleanupyi27).

Furthermore, plastics debris already present in the environment will continue to be a source of
microplastics (Andrady, 2011p17). Microplastics constitute over 90% of the 5.25 ftrillion plastic particles
currently present in the oceans’ surface, but only a small portion of the total floating plastics in terms of
mass, implying that there are still large quantities of marine plastic litter which may fragment into
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microplastics in future years (Eriksen etal., 2014;1;; Lebreton, Egger and Slat, 201912¢)). Overall,
projections based on current trends in the production of plastics find that microplastics concentrations in
the surface of marine waters will increase 50-fold by 2100, to 9.6-48.8 particles per m?® (Everaert et al.,
2018124)).

1.6.2. Projected trends in microplastics emissions

Recent industry and policy-led efforts may result in a reduction in selected microplastics emissions.
Improved waste management practices, policies on frequently littered single use plastics and bans on the
use of microbeads in industrial applications for which natural alternatives exist have been at the focus of
policy action on plastics and microplastics pollution until now. Several countries have introduced legislation
to restrict the manufacture, sale and/or import of personal care and cosmetic products containing
microbeads (Canada, 20171209;; France, 2017p30; GOV.UK, 2018ps1; Italy, 20171132; New Zealand,
20171133;; United States, 2015;134). Approved national bans generally target microbeads intentionally added
to rinse-off cosmetics, which roughly account for more than two thirds of all microbeads releases from
products (ECHA, 201910)).!° The European Chemical Agency (ECHA) has also proposed an EU-wide
restriction to cover a wide range of microplastics intentionally-added to products, including in PCCPs,
paints, coatings, detergents, maintenance products, medical and pharmaceutical applications and
products used in agriculture and horticulture. ECHA (201910) estimates that the restriction could result in
emission reductions of more than 400 thousand tonnes of microplastics over 20 years. With regards to
plastic pellets, emerging industry-led and international initiatives to prevent spillages may also curb their
discharge into the environment (Operation Clean Sweep, (PlasticsEurope, 201722;; Marine Litter Solutions,
201123))).

However, releases of use-based secondary microplastics, which remain largely outside of the scope of
policy frameworks in place in OECD countries, are expected to significantly increase in future years, in line
with market trends and economic growth. Trends in the textile sector indicate that textile production,
consumption and disposal is likely to continue to increase in line with GDP growth. At current trends, an
estimated 175 Mt of clothing could be sold in 2050 (EMF, 2017135). In particular, the employment of
synthetic fibres is expected to continue to increase, in line with current consumption trends, practices
associated with the concept of “fast fashion” and the growth in textile markets in developing countries in
East and South East Asia (TextileExchange, 2020;136). While the higher uptake of synthetic fibres in textile
manufacturing offers numerous economic and environmental benefits (e.g. lower costs relative to natural
fibres, a reduced need for resource-intensive cotton production), in the absence of mitigation action this
will contribute significantly to the intensification of microplastics pollution. It is estimated that, at current
trends, 22 Mt of synthetic microfibres will have entered the oceans by 2050 (EMF, 2017[135)).

Emissions of microplastics from vehicle tyres are also expected to increase in future years, in line with
GDP growth and trends in road transport. Market data projections indicate steady increases in the
production of vehicles in the next decades, mainly driven by increases in production in China and India
(EC, 2017p137). Current trends in the composition of the vehicle fleet also show a continued tendency
towards a higher proportion of larger and heavier vehicles, which generally lead to higher tyre tread wear
(Andersson-Skold et al., 2020y13s]). Furthermore, climate policies and stricter controls on exhaust emissions
(e.g. GHG emissions) will not necessarily contribute to the reduction of non-exhaust emissions (e.g. tyre
and brake particles) (OECD, 2020;139)). On the contrary, a higher uptake of electric vehicles could lead to
higher emissions of microplastics, mainly due to the heavier weight of EVs relatively to their traditional
counterparts.
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Annex 1.A. Degradation definitions

Annex Table 1.A.1. Degradation definitions

Term Definition
Degradation The partial or complete breakdown of a polymer as a result of e.g. UV radiation, oxygen attack, biological attack. This implies
alteration of the properties, such as discolouration, surface cracking and fragmentation
Biodegradation Biological process of organic matter, which is completely or partially converted to water, CO2/methane, energy and new
biomass by microorganisms (bacteria and fungi).
Mineralisation Defined here, in the context of polymer degradation, as the complete breakdown of a polymer as a result of the combined

abiotic and microbial activity, into CO2, water, methane, hydrogen, ammonia and other simple inorganic compounds
Biodegradable Capable of being biodegraded.

Compostable Capable of being biodegraded at elevated temperatures in soil under specified conditions and time scales, usually only
encountered in an industrial composter (standards apply)

Oxo-degradable Containing a pro-oxidant that induces degradation under favourable conditions. Complete breakdown of the polymers and
biodegradation still have to be proven.

Source: (UNEP, 2015p15), Biodegradable plastics and marine litter: misconceptions, concerns and impacts on marine environments
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Notes

! The fate of microplastics washed off by stormwater is discussed separately in the next
section.

2 Alist of degradability definitions is given in Annex 1.A.

3 See e.g. US Code of Federal Regulations 40 CFR 258.61 1991 and EU Council Directive
1999/31/EC.

4 In addition to being sources of degradation-based synthetic microfibres, lost or discarded
fishing gear may also result in the continued catching of non-target species (including
protected species) the entanglement of marine wildlife, and damage to natural habitats as
well as fishing vessels (Richardson et al., 2018s3)).

5 Notably, some publications assume that microplastics from road transport activity are
largely transported into the marine environment. However, as discussed in more detail in
Chapter 2, recent studies focusing on tyre and road wear emissions suggest that the road
surface, nearby soil and water streams, and air are also primary sinks of microplastics.

¢ Digestive fragmentation has been suggested as an additional generation route for
secondary microplastics, especially for smaller microplastics and nanoplastics (Dawson
et al., 2018(1407).

7 Large filter-feeding mammals need to swallow hundreds cubic meters of seawater per
day in order to capture plankton. Thus, they are suspected to ingest large quantities of
microplastics both directly and via trophic transfer from preys (Fossi et al., 2012;100}; Wright,
Thompson and Galloway, 2013(101)).

8 Additives may constitute between 1% and more than a half of the total weight content of
plastics (OECD, 2018;119)).

? For instance, it is estimated that microplastics larger than 0.5 mm constitute only 8% of
total plastic mass in the Great Pacific Garbage Patch (about 6.4 metric tons of
microplastics), the large accumulation of floating plastics located in the North Pacific Ocean
(Lebreton et al., 2018;52)).

19 The EU ban on oxo-degradable plastics also seeks to minimise microplastics generation
(EC, 201833)).
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Z A typology of microplastics
released from textiles and tyres

This chapter traces a typology for microplastics released from textile
products and vehicle tyres. It outlines their generation mechanisms,
presents knowledge over their fate and the associated environmental and
human health risks and pinpoints key entry points for mitigation action.
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2.1. Introduction

Microfibre shedding and tyre wear are processes regularly occurring during the use of textile products and
vehicle tyres. As textiles are worn and washed, mechanical abrasion occurring in their structure causes
the detachment and loss of fibres. Similarly, during normal transport activity, the friction between vehicle
tyres and the road surface results in the abrasion of the tyre tread and the emission of particles. In general,
the emission of microfibres and tyre wear particles may occur during (and be influenced by) all stages of
the lifecycle of products, as summarised in Figure 2.1.

This Chapter summarises current knowledge on the characteristics, environmental fate, and environmental
and human health impacts of textile-based microfibres (Section 2.2) and tyre-based microplastics (Section
2.3). Where the data is available, it provides an assessment of where in the lifecycle of products emissions
occur and which are the key influencing factors.

Figure 2.1. Losses of microplastics at different stages of the lifecycle of tyres and textiles
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2.2. Emissions of textile-based microfibres: nature, drivers and consequences

The textile industry is considered one of the most polluting in the world. Harmful chemicals, high-energy
use, water consumption, textile waste generation, transportation and the use of non-biodegradable
packaging materials are responsible for the resource heavy and polluting lifecycle of textiles and clothing.
The European Environment Agency (EEA) (20191;) estimates that, in the EU, supply chain pressures of
clothing, footwear and household textiles are the fourth highest pressure category for the use of primary
raw materials and water, second highest for land use and the fifth highest for greenhouse gas emissions.
Overall, the apparel and footwear industries contribute to 8% of global GHG emissions (Quantis, 2018y2)).

In particular, the stages of textile manufacturing (detailed in Section 2.2.2) may bear high environmental
consequences. About 3500 substances are used in textile production, of which 750 have been classified
as hazardous for human health and 440 as hazardous for the environment (KEMI, 20143)). Fibre production
and wet textile processing especially are associated with environmental pressures from high consumption
of energy, non-renewable feedstock to make synthetic fibres, fertilisers to grow cotton, chemicals
employed in dyeing and finishing treatments and water, as well as from land use (UNEP, 2020)).

The high and growing demand for resource input into textile manufacturing raises concerns over the
environmental impacts that continued increases in production and consumption may have. Annual clothing
sales are projected to more than triple and reach 160 Mt by 2050 (EMF, 2017s5)). The use of and demand
for polyester-based clothing in particular has been growing exponentially since its creation and synthetic
fibres currently account for two thirds of overall fibre input into textile and apparel production, as presented
in Table 2.1. Approximately 59 Mt of plastics (15% of total global production) were employed in the textile
manufacturing sector in 2015 (Geyer, Jambeck and Law, 2017;). Annual production of plastic-based
clothing is expected to more than double between 2015 and 2050 (EMF, 2017s)).
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In this context, the release of microfibres from synthetic clothing is one emerging reason of concern.
Synthetic microfibres have been reported in significant quantities at all depths of the marine environment
(Browne et al., 20117); Desforges et al., 2014(s;; Obbard et al., 2014;; Thompson et al., 200410); Woodal
et al., 201411;) as well as in marine organisms (Lusher, McHugh and Thompson, 201312). In addition to
the washing, wear and tear of synthetic clothing, microfibres sampled in the oceans may originate from a
variety of other sources, such as the disintegration of fishing gear, ropes and packaging materials. Yet, the
laundering of synthetic textile products alone is estimated to account for 7-35% of total microplastics
releases (see Table 1.4).

Table 2.1. Overview of main textile types in production

Fibre type Resource base Textile type % of total textile
production

Natural Plant-based Cotton 23.2%
Others: hemp, linen, etc. 5.9%
Animal-based Wool 1.0%
Others: down, silk <1.0%
Semi-synthetic Cellulose-based Viscose (rayon) 5.1%
Others: Acetate, Lyocell, Modal, Cupro 1.3%
Petroleum-derived Polyester 52.2%
Synthetic mostly Polyamide (nylon) 5.0%
Others: acrylics, modacrylics, elastane, etc. 5.7%

Source: (TextileExchange, 2020113))

2.2.1. Characteristics, fate and environmental and human health risks

Fibre shedding is a natural propensity of all fabrics. As textiles are produced and used, mechanical
abrasion occurring in their structure causes the detachment and loss of fibres from fabrics. Fibre shedding
may occur at (and be influenced by) all stages of the lifecycle of textile products, as follows:

e Manufacturing: it is likely that the emission of microfibres starts at the materials sourcing and
manufacturing stages, although the extent of microfibre emissions is difficult to quantify with
currently available data. Additionally, the choice of manufacturing practices is largely responsible
for determining the tendency of fabrics to emit microfibres at later stages of their lifecycle.

e Use: wearing, washing, drying of textiles and other stages of maintenance and care may
deteriorate the textile structure and contribute to microfibre shedding.

e End-of-life: it is possible that textiles also release microfibres at the end-of-life phase, if
mismanaged into the environment, or possibly following reuse and recycling practices.

The mechanism and location of emission may determine the fate of the microfibres, as illustrated in
Figure 2.2. Microfibres released from textiles enter marine and freshwaters mainly via municipal and
industrial wastewaters and via dry and wet deposition. In OECD countries, conventional wastewater
treatment technologies can be fairly effective at capturing a large percentage of the emitted fibres, yet, the
sheer volumes of wastewaters processed imply that significant amounts of microfibres make their way into
aquatic bodies. Once in the environment, synthetic microfibres are known to persist and accumulate,
potentially leading to a number of ecological risks, as already discussed in Chapter 1. Microfibres (both
synthetic and cellulose-based) have been largely sampled in oceans, freshwaters (Driedger et al., 2015(14j;
Lahens et al., 201815); Suaria et al., 2020;16)), as well as in soils where wastewater sludge has been applied
(Liu et al., 2019p7;; Zhang and Liu, 2018181) and in air (Brahney et al., 2020y1g;; Dris et al., 201620)).
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Figure 2.2. Emission of microplastics during the lifecycle of textiles and relative pathways
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The presence of airborne microfibres that can be inhaled also adds to total human exposure. Textile
microfibres, both cellulose-based and synthetic, have been sampled both in indoor (1-60 fibres/m3) and
outdoor (0.3-1.5 fibres/m3) environments (Dris et al., 201722). Recent simulations indicate that inhalation
may commonly occur (Vianello et al., 201923]), potentially leading to inflammation and health problems
(Gasperi et al., 2017241; Pauly et al., 199825); Prata, 20182¢7). Chronic exposure to microfibres has shown
to lead to a higher prevalence of respiratory irritation, chronic respiratory symptoms, restrictive pulmonary
function abnormalities and possibly also to reproductive toxicity and carcinogenicity (Gasperi et al.,
2017124); Goldberg and Thériault, 199427;; Zuskin, Valic and Bouhuys, 19762s; Pimentel, Avila and
Lourenco, 200829)). Yet, available evidence mainly comes from research carried out in industrial settings
and may not be representative of ordinary exposure to textile microfibres. Further research is required in
order to close the persisting knowledge gaps, in particular to identify critical exposure levels at which
adverse health effect may occur (Gasperi et al., 201724)).

A major reason of concern with regards to microfibre pollution relates to the potential for microfibres, both
synthetic and cellulose-based, to act as transport media for chemical substances employed in textile
manufacturing into the environment. These chemicals, and especially those employed during wet
processing stages (e.g. finishing treatments, dyeing), bring substantial advantages to apparel products,
such as increased durability and a larger range of dyeing colours (EMF, 20175)). Yet, certain chemicals
employed in the industry are known or suspected to be associated with adverse health effects, such as
carcinogenicity, hormone disruption and reproductive toxicity. Textile/apparel manufacturing practices,
regular washing, as well as microfibre leakage may release these substances into the environment,
potentially posing risks to aquatic ecosystems and human health.

The EU REACH Regulation classifies as Substances of Very High Concern (SVHCs) several chemicals
that may be employed in textile, apparel and footwear manufacturing, such as polycyclic aromatic
hydrocarbons (PAHSs), chlorinated aromatic hydrocarbons, phthalates, azo-dyes and chlorinated and/or
brominated flame retardants, perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) (EU,
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2006y30;; Istituto Superiore di Sanita, 2020(31)). In recent years, several regulatory efforts and industry-led
initiatives have emerged to report the use of hazardous substances in textile manufacturing and minimise
their releases, as detailed in Box 2.1. Yet, persisting gaps in transparency over the chemicals utilised
during manufacturing create challenges for the adequate evaluation of the health hazards posed to
ecosystems and human health (EMF, 2017s)).

Box 2.1. Emerging legislation and industry-led initiatives to tackle the release of hazardous
substances during the lifecycle of textile products

Fashion brands selling products in Europe and North America are subject to a number of restrictions
on the chemical content of products. REACH Regulation 1907/2006 on the Registration, Evaluation,
and Authorisation and Restriction of Chemicals restricts the use of substances identified as harmful
(Substances of Very High Concern) in products manufactured in or imported into Europe. Similarly, in
the US, the Toxic Substances Control Act (TSCA) requires companies to report, record and carry out
testing on the chemical content of products placed on the market.

Further, as a response to emerging legislation and increasing public pressure, several voluntary
industry-led initiatives were developed. Notably, the textile and apparel industry has developed the Zero
Discharge of Hazardous Chemicals (ZDHC) Manufacturing Restricted Substances List (MRSL) to
define a harmonised approach to managing harmful and hazardous chemicals in the sector. This
evidence-based document provides a list of priority chemicals to be phased out and specifies a
maximum concentration for each substance and serves as an industry-wide reference in multiple
initiatives (ZDHC, 2015(32;). The OECD Due Diligence Guidance for the Garment and Footwear sector,
for instance, recommends that companies adopt and implement an evidence-based common MRSL to
address the risk of harmful chemicals in their products and supply chains (OECD, 201833)).

Cellulose-based fibres and the relevance of a holistic approach to microfibre pollution

Although cellulose-based (i.e. natural and semi-synthetic) fibres are expected to biodegrade quickly if
released into aquatic media, emerging evidence suggests that these are commonly present in aquatic
habitats (Dris et al., 201834;; Sanchez-Vidal et al., 201835;; Stanton et al., 20193¢)) and wildlife species
(Compa et al., 201837;; Remy et al., 20153s;; Lusher, McHugh and Thompson, 201312;). Recent studies
suggest that past research may have largely overlooked their presence of cellulose-based microfibres in
the environment, potentially also leading to an overestimation of the contribution of synthetic textiles to
marine microplastics pollution (Suaria et al., 2020p1¢)). In fact, there seems to be a considerable mismatch
between the share of fibres in textile production (of which over two thirds are synthetic) and the types of
microfibres polluting the environment, with 60-80% of microfibres sampled in the oceans and in marine
organisms being of cellulosic origin (Suaria et al., 2020}1¢)).

The widespread occurrence of cellulose-based fibres in the environment calls for further research with
reliable characterisation of the polymer in order to assess the occurrence, degree of persistence and
toxicity of different types of microfibres present in the environment. At the same time, current evidence
(and uncertainties) may justify taking a holistic approach to microfibre mitigation, as characterised by two
elements: a) a comprehensive and life-cycle assessment of the environmental impacts of textiles and b) a
focus on finding solutions to mitigate risks associated with microfibre shedding (for all textile types). This
is for several reasons:

e ltis possible that the risks associated with microfibre pollution may not be limited to synthetic fibres.
As indicated above, knowledge gaps persist with regards to the degree of persistence and
accumulation of non-plastic fibres in the environment. Further, cellulose-based fibres may also act
as a transfer media for harmful chemicals. For natural fibres, it has been speculated that a more
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rapid biodegradation may increase the bioavailability of chemical additives once microfibres are
ingested by aquatic organisms (Zhao, Zhu and Li, 201639]). For airborne microfibres, it has also
been suggested that the adverse effects of chronic exposure to cellulose-based fibres may not be
significantly different than for synthetic ones (Prata, 20182g)).

e Determining whether clothing sheds microfibres of synthetic content is not straightforward in
practice. Blended textiles (e.g. polyester/cotton blends) are very common (for instance to enhance
certain characteristics of the final product) and fabrics made out of natural fibres are often treated
with synthetic coatings during wet processing.

e More broadly, there is a strong case for finding ways to work with synthetic materials, as
substitution away from synthetic fibres in textile and apparel manufacturing may not be a viable
microplastics mitigation solution at scale. Natural alternatives are limited and cannot always
provide the same performance capabilities of synthetic materials. Further, the lifecycle of textiles
produced from natural fibres also bears significant adverse consequences on the environment, in
particular in terms of high energy and water consumption, land use and the release of chemicals
harmful to the environment (UNEP, 201740).

2.2.2. Industrial emissions occurring during manufacturing

The stages of textile and garment manufacturing are associated with high risks for environmental and
climate impacts. Industrial emissions from textile manufacturing plants have been long scrutinised, in
particular with regards to the release of potentially harmful chemicals into the environment, such as certain
flame retardants and chemical coatings applied to textile products during manufacturing. As the issue of
microplastics pollution gained increasing scientific and policy attention, recently concerns have also
emerged over the contribution of industrial emissions to microfibre pollution.

The stages of textile and apparel manufacturing are detailed in Table 2.2. Fabrics are manufactured from
fibres or yarns, i.e. continuous strands of fibres, via different technologies. Several wet processing activities
may be performed on fabrics to enhance the appearance and performance of the final product. These
include preparatory treatments, dyeing processes and functional mechanical or chemical finishing
treatments. The make-up is the last step before selling in retail or whole trade and consumer use.

Several stages of textile and garment manufacturing may contribute to the emission of microfibres into
sewage waters or into the surrounding aerial environment. In particular, the processes involved in fibre
processing, yarn manufacturing and fabric construction are known to lead to fibre mechanical stress and
material losses (WRAP, 2019p1)). Fibre emission may also occur during the production of garments (e.g.
during cutting, sewing and the application of finishing treatments), as a result of the removal of impurities
and sizing, although this is less documented. WRAP (2019p1)) estimates that in the UK 168 thousand
tonnes of material is lost each year during the production of clothing (per 1.1 Mt of clothing consumed
annually), although it is unclear what percentage of this material loss is emitted as microfibres.

Recently, research has also been undertaken to quantify microfibres released into sewage waters.
Available evidence is very limited, but suggests that textile manufacturing plants regularly emit
microplastics into wastewaters. A study conducted in Sweden detected concentrations of 100-450
microfibres per litre of industrial effluent from five textile production facilities (J6nsson and Landin, 201842)).
The detected microfibres were mainly of synthetic origin, although cotton and viscose fibres were also
reported in large quantities for certain production plants. Research conducted in China found average
concentrations of 16-334 (synthetic and natural-based) microfibres per litre in wastewaters discharged
from textile printing and dyeing facilities (Xu et al., 201843)).

Although the contribution of the textile and apparel manufacturing stages to overall microfibre releases is
difficult to assess due to a lack of reliable data and monitoring, there are concerns that this might be
substantial. Firstly, considering the magnitude of the textile and apparel industry and the amounts of
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wastewaters being discharged during manufacturing, it is likely that even modest amounts of microplastics
being released per litre of industrial effluent could result in significant amounts of fibres entering the
environment. Secondly, the majority of textile and apparel production takes place in emerging economies,
where the lower rates of connectedness to wastewater infrastructure and the lower levels of treatment
(relatively to OECD countries) might potentially imply that a higher share of the industrial microfibre
emissions reach water bodies."

Table 2.2. Key steps in the production of textiles and garments

Relevant industrial Manufacturing Description and examples of processes employed
sectors stage
Chemical industry, Raw material and This stage includes the extraction/production and processing of fibres, which are the raw
farmers and growers of  fibre production material used in the manufacture of textiles. They are usually differentiated according to several
raw natural materials characteristics, such as strength, length, fineness, elasticity and the presence of irregularities.
Textile sector Yarn formation Yarns are usually formed from filament and staple fibres via spinning. Texturizing can be
carried out on man-made filament fibres to simulate the appearance of natural fibres
Fabric Fabrics are usually formed via weaving, i.e. the interlacing of yarns, or knitting, i.e. the
manufacturing interlocking in series of loops made from one or more yarns.
Textile finishing? Textile finishing includes a series of processes aimed at enhancing the appearance, durability

and serviceability of fabrics.

Preparatory treatments are carried out to remove impurities and prepare the fabric for following
treatments. Examples are desizing (a removal of the sizing agents), the removal of impurities,
washing, scouring (treatment with hot alkali) and bleaching.

Dyeing is the process of colouring textiles as a whole. Printing applies colour only to specific
areas to create patterns.

Functional finishing processes achieve additional effects and characteristics of the textile.
Mechanical finishes may be employed to improve the smoothness, roughness, or shining
characteristics, while chemical finishes may add softening, water repellent, antimicrobial, or fire
retardant properties.

Apparel sector Garment fabrication =~ The make-up of apparel products is the last step before these are ready to be distributed and
used by consumers. Commonly employed processes included the cutting and sewing of fabrics
and the assembling of textile parts and other additional components.

Brands, retail sector Product distribution  Products are warehoused and sold

and retail

Note: 1: Colouring and finishing treatments can be carried out at all steps in the textile chain, but are usually done on fabrics.
Source: Adapted from (OECD, 20194))

2.2.3. Emissions occurring during use

The use phase has been identified as a major source of microfibre emissions. Several stages of the use
phase — i.e. wearing, washing and drying — may contribute to mechanical abrasion occurring in the
structure of fabrics and lead to the detachment of fibres. Current research has focused on the laundering
of synthetic garments, where the series of mechanical and chemical actions aimed at cleaning textile
products contribute to the generation and emission of loose fibres.2 Several series of laboratory washing
tests have been carried out in recent years to measure the degree of microfibre shedding from garments
with different characteristics and under different washing conditions. These generally tend to employ a
variety of test conditions and methods for microfibre measurement, which limits the comparability of studies
and the generalisation of findings (JOnsson etal.,, 2018us). Yet, test washings have allowed the
identification of certain factors that may lead to a higher or lower fibre shedding during laundering
processes. These can be grouped in two categories:

e Textile and garment characteristics. The microfibre shedding rate during use is dependent on the
degree of fibre strength and resistance to abrasion of the product. These are influenced by a variety
of design and manufacturing factors, including textile composition and fibre characteristics, yarn
and textile structures and garment manufacturing processes. For instance, polyester fleece and
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microfleece fabrics are known for being particularly prone to fibre shedding: a single fleece jacket
may shed up to 250,000 fibres per laundry wash (Hartline et al., 201644).

e Product maintenance and care. In general, laundering methods that minimise the degree of
mechanical abrasion (e.g. low-temperature laundry washes and the use of softener liquid) are
associated with a preservation of the integrity of textile yarns and a lower fibre shedding. The type
of washing machine may also influence the degree of mechanical stress occurring in the textile
structure. Drying practices, and tumble drying in particular, are likely to also influence the emission
of microfibres.

Although knowledge gaps persist with regards to the relative importance of factors driving microfibre
release, several mitigation options implementable at the production and use stage of textile products can
already be drawn based on the available knowledge. These are presented and assessed in Chapter 3.

2.3. Emissions of tyre-based microplastics: nature, drivers and consequences

Microplastics may be emitted at all stages of the tyre lifecycle, as follows:

e Manufacturing: although it is possible that microplastics are generated and released as by-products
during the manufacturing of tyres, there is a lack of data to verify whether this is the case. Also,
manufacturing practices influence the tendency of tyres to undergo abrasion during regular use.

e Use: Tyre and Road Wear Particles (TRWP) are emitted during regular vehicle use due to the
friction occurring between tyres and the road surface;

e End-of-life management: the mismanagement of tyres into the environment may potentially lead to
microplastics generation and leakage. Also, certain recycling options for end-of-life tyres (e.g. the
use of tyre rubber granulate used as infill in artificial sport turfs) potentially constitute a further
source of microplastics into the environment.

2.3.1. Tyre and Road Wear Particles

Characteristics, fate and environmental and human health risks

During normal transport activity, the friction between vehicle tyres and the road surface results in the
abrasion of the tyre tread and the emission of particles. As road pavement materials tend to also
agglomerate within the tyre material, the emitted particles are generally referred to as Tyre and Road Wear
Particles (TRWP). In general, TRWP are composed of a complex mixture of tyre tread material (e.g.
synthetic and natural rubber, silica, oil, carbon black, sulphur compounds, zinc oxide), road pavement
material (e.g. polymer modified bitumen), road marking? particles, brake wear particles and other airborne
elements that commonly deposit on pavements (Kreider et al., 20107).

Recent studies have attempted to quantify emissions of TRWP from road vehicles occurring during road
transport activity, based either on emission factors for different vehicle categories and road transport
activity data, or from average tyre wear rates and data on the number of tyres in use (Kole et al., 2015us);
Lassen et al.,, 2016p9; Wagner et al., 2018i5s0;; Magnusson et al., 201651;). Although estimates of the
contribution of tyre wear to microplastics pollution differ, approximately 0.81 kg of emissions per capita are
released from vehicle tyres annually, with the highest per capita releases occurring in the United States
(Kole et al., 2017;52;). National emissions may differ based on the local context: for instance, in Germany
the largest contributions to TRWP emissions come from heavy vehicles (trucks, buses) and driving on
highways, while in the United States total emissions from passenger cars and trucks are roughly
equivalent, and two-thirds of emissions occur in urban environments, mainly due to the higher urban travel
distances in North America compared to European countries (Wagner et al., 2018;s0))
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At the point of emission, TRWP may become suspended in air or deposit on road surfaces and nearby
soil. Additionally, the action of rain events may disperse or flush emitted TRWP into nearby water streams.
The physical characteristics of the emitted particles, and in particular their size, may be important
determinants of their environmental fate (Unice et al., 2019;531). TRWP are generally elongated in shape
(i.e., cigar-shaped) and are well below 1 mm in length* (Unice et al., 20194]). A portion of TRWP (1-10%
in mass) is emitted in the fine particulate matter size range (< 10 ym) and contributes to ambient air
pollution (see Box 2.2). Larger particles are typically deposited on the road surface or on nearby soil. The
majority of TRWP tend to be heavier than water (particles have an average density of 1.8 g/cm3) (Unice
et al., 2019;541) and so they may be prone to sedimentation if dispersed into aquatic environments (Parker-
Jurd et al., 2019;s5;; NIVA, 2018;s6)). It is also relevant to note that, following release into the environment,
TRWP may undergo ageing processes that affect their physical and chemical properties and ultimately
their fate. Recent studies suggest that further research is required to understand the extent of these
changes in the composition and properties of TRWP in order to accurately model their environmental fate
(Kléckner et al., 2020;57;; Unice et al., 2015(sg)).

Tracing the fate of the emitted TRWP is crucial in order to assess exposure routes and the associated
health risks, as well as to identify potential hotspots where the implementation of end-of-pipe capture
solutions could be prioritised. A number of factors may influence how the particles will spread into different
environmental media following emission. Airborne particles can either be deposited on the road surface,
or be transported via wet and dry deposition, potentially far away from point sources (Parker-Jurd et al.,
2019ss;; Magnusson et al., 2020(s9]). For instance, it has been suggested that atmospheric transport may
significantly contribute to the long-distance transport of airborne TRWP and other non-exhaust emissions
into the marine environment and remote regions such as the Arctic, where the particles may possibly pose
additional climatic risks of increased light-absorption and enhanced snow and ice melting (Evangeliou
et al., 2020s0).

Available modelling estimates of the spatial distribution of TRWP emissions suggest that a large portion of
the emitted particles is expected to deposit on roads or in nearby soil (Figure 2.3). Road runoff, wind and
street cleaning may contribute to the removal of these larger particles from the road and their potential
dispersal into the environment. Where roads are not connected to stormwater systems, TRWP will drain
off with rain into adjacent land or water streams (Andersson-Skold et al., 20201). Where stormwater
systems are present, the fate of TRWP will depend on the specific treatment technologies in place (i.e.
direct discharge into a recipient, stormwater treatment facilities, or a WWTP). The amount of TRWP
reaching surface waters largely depends on the local conditions (e.g. presence of drains for road runoff,
the type of road, the intensity of rainfall). Where urban surface runoff is collected and treated prior to
discharge, approximately 11-22% of TRWP is expected to reach surface waters directly or via the
sewerage system (Verschoor et al., 2016i62;; Wagner et al., 2018;s0]). The type of road infrastructure may
also affect the fate of the emitted particles: for instance, in Netherlands half of the emitted particles remain
incorporated into porous asphalt, a type of road pavement widely employed in Dutch highways that is prone
to absorbing particles (Verschoor et al., 201662)).°

Only a limited number of studies have looked at the environmental presence of TRWP, typically in road
dust and stormwater runoff. A key barrier to larger and more reliable environmental quantification of TRWP
is the availability of appropriate analytical methods. Conventional methods used for the sampling and
characterisation of microplastics are not easily adaptable to TRWP, while methods well-adapted to TRWP
are costly and time-consuming (Andersson-Skald et al., 20201;). There are concerns that inadequate and
different analytical methods for sampling and characterisation may be underestimating the amount of (or
falsely confirming presence of) TRWP in the natural environment and their overall contribution to
microplastics pollution (Parker-Jurd et al., 2019s5)). Harmonised methods for sampling, sample preparation
and analysis of TRWP are required to allow for further environmental sampling and for better consistency
and comparability between different studies.
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Figure 2.3. Overview of available studies modelling the environmental fate of TRWP

Hl Roadside / adjacent soil Road pavement WM Air B Surface waters Wastewater pathway

Baensch-Baltruschat et al
(2021) Germany

Sieber et al (2020)
Switzerland

Unice et al (2019)
Seine River, France

Wagner et al (2018)
Germany (A)

Wagner et al (2018)
Germany (B)

Verschoor et al (2016)
Netherlands

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

Notes: Comparisons are difficult to make as different studies included different sets of environmental compartments and/or had different
objectives. All studies modelled annual emissions of TRWP. Sieber et al. (2020js3)) also calculated the accumulation of tyre-based microplastics
for Switzerland over a period of 30 years (1988-2018) and included the emissions and fate of microplastics lost from artificial sports turfs.
Baensch-Baltruschat et al. (2021(4)) did not include airborne emissions (which they considered to be 5% of total emissions). Wagner et al.
(2018y507) proposed two scenarios: scenario (A) assumes that 50% of TRWP deposited on road surfaces are mobilised via surface runoff, while
scenario (B) assumes that only 15% are mobilised.

Source: Author’s elaboration based on (Baensch-Baltruschat et al., 2021s4;; Sieber, Kawecki and Nowack, 2020pss3}; Unice et al., 2019s4;;
Verschoor et al., 201652, Wagner et al., 2018;50)

Available microplastics surveys indicate that tyre wear may be a significant contributor to the emission of
microplastics into surface waters, potentially to a larger extent than previously estimated. A study
completed around the San Francisco Bay area found that nearly half of all microplastics contained in
stormwater discharge were suspected TRWP (Sutton et al., 2019p5;). A recent study conducted in the
United Kingdom found a large presence of TRWP at key entry points into the marine environment
(wastewater treatment effluent, stormwater runoff and wind), possibly several orders of magnitude greater
than that of synthetic microfibres (Parker-Jurd et al., 2019s5)). Overall, further field data is needed to
improve our understanding of the transport processes and sinks of TRWP and to validate and complement
the available model estimates.

Only a limited number of studies have assessed the potential environmental and human health impacts of
TRWP and further research is required to adequately assess risks. Some of the chemicals used in the
manufacture of tyres, road marking products and polymer modified bitumen are hazardous to human health
and the environment, however there is limited knowledge about the extent to which these substances are
released from microplastics (Andersson-Skdld et al., 20201;). Research that informs toxicological
considerations is based on the use of TWP, i.e. tyre wear particles that are created in laboratory conditions,
rather than particles sampled from the environment.® The majority of available studies assessed the (acute
and chronic) toxicity of leachates from TWP on aquatic organisms: while some showed no toxicity on
freshwater and sediment dwelling species (Marwood et al., 2011eej; Panko et al., 20137)), others observed
adverse health effects (Halle et al., 2020sg); Tian et al., 2021s9). As with other microplastics, the ingestion
of TRWP is a key exposure route for aquatic wildlife (Khan, Halle and Palmqvist, 201970;; Redondo-
Hasselerharm et al., 201871); Wik et al., 2009r72;), however large knowledge gaps persist with regards to
the potential health hazards posed. A recent study by Halle et al. (202173) showed that TRWP in the
aquatic environment may affect acute mortality and long-term growth.
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Overall, further research is required both to assess the toxicity of the ingested particles and to improve our
understanding of the associated hazards in realistic environmental scenarios (Halle et al., 2020ss]). With
regards to risks for human health, the most researched exposure route for adverse health impacts is the
inhalation of non-exhaust emissions, as outlined in Box 2.2. However, little is known with regards to the
risks posed to human health by TRWP via ingestion, relatively to other microplastics.

Box 2.2. Impacts of non-exhaust emissions on air quality and human health

Air pollution is a major environmental and human health risk, to which road transport emissions
significantly contribute. Emissions of particulate matter (PM) from motor vehicles originate from two
main sources: tailpipe exhaust and the degradation of vehicle parts and the road surface (OECD,
2020;74)). The latter are defined as non-exhaust PM emissions and comprise all airborne particulate
emissions generated by the wear of vehicle parts (mainly tyres and brake pads) and of the road surface,
as well as by the resuspension of road dust.

Tyre wear significantly contributes to non-exhaust emissions and air pollution. Estimates of the
contribution of tyre tread wear to total particulate matter range from 0.1 to 10% for PM10 and 1—7% for
PM2.5 (Andersson-Skdld et al., 20201); Panko, Kreider and Unice, 201875)). Additional contributors to
non-exhaust emissions are the wear of road surfaces and of brake pads and the resuspension of
particles on the road surface (OECD, 202074;). Brake wear particles are emitted as a result of the
abrasion occurring between stationary brake pads and the vehicle rotor during braking. They tend to be
smaller in size and approximately 50% of brake wear particles become airborne at the point of emission
(Grigoratos and Martini, 2015(7)).

It is now well established that the inhalation of fine PM and the associated metals and combustion
products (PAHs) negatively affects human health. Exposure to PM, and in particular to PM2.5, is
associated with increased risks of cardiovascular, respiratory and developmental conditions, as well as
an increased risk of overall mortality (OECD, 202074). The oxidative stress induced by the metals and
organic compounds found in PM emissions is considered to be a main biological mechanism
responsible for these negative health impacts (OECD, 202074). In light of the hazards posed by certain
polycyclic aromatic hydrocarbons (PAHs), the EU has placed a restriction on the use of 8 PAHSs in tyres
and extender oils via the REACH regulation (Annex XVI1.50).

Influence factors

Tyre abrasion can cause an overall mass loss of up to 10% during the lifetime of a tyre (Grigoratos et al.,
2018(771). A variety of local factors may influence the amount of tyre tread material lost per kilometre
travelled. These can be grouped in four categories (ETRMA, 20187s)):

e lyre characteristics: size, tread depth, construction, tyre pressure and temperature, contact patch
area, chemical composition, accumulated mileage;

e vehicle characteristics: weight and size, distribution of loads, location of driving wheels, wheel
alignment, engine power, mechanical/electronic braking system, suspension type and conditions;

e driving behaviour: speed, acceleration/deceleration, frequency and extent of braking, cornering;

e road surface characteristics: pavement type, porosity, maintenance, weather conditions.

While current knowledge does not allow for a precise estimate of tyre wear rates, some general trends can
be derived with regards to the influence of different factors on tyre wear. For instance, it is estimated that
these are highest for heavier vehicles (e.g. buses, trucks and lorries) than for passenger cars. Further
research is required in particular to assess and quantify the relative impact of each influence factor on tyre
wear in real-life conditions. Several mitigation options implementable at the production and use stage of
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tyres can already be drawn based on the available knowledge over the drivers of TRWP emission. These
are discussed in Chapter 3.

2.3.2. Management of end-of-life tyres (ELTs)

Tyres are typically replaced when they are no longer suitable for use due to wear or damage. Tyres may
be re-used when they have been only partially worn and sufficient residual tread depth remains, or
otherwise may be retreaded into new tyres. When neither reuse nor retreading is possible, scrap or End-
of-Life Tyres (i.e. tyres which can no longer be used for their original purpose) may be employed for
material recovery and civil engineering applications, or incinerated for energy recovery (WBCSD, 201979)).

Dumping and improper disposal of used tyres remain an issue in several countries. In general, the degree
of recovery and the performance of ELT management is dependent on the existence and level of maturity
of formal management systems. Landfilling of old tyres is illegal in several OECD countries (e.g. in the
European Union, the US State of California)’. Generally, landfilling is considered an undesirable disposal
option for tyres due to their slow degradation, the potential to cause damage to landfill liners and the
intrinsic value of tyre materials. Yet, it is likely that in several emerging economies where formal
management schemes are not in place, significant amounts of tyres are abandoned, landfilled, or
stockpiled. In addition to wasting potentially valuable resources, the mismanagement of tyres contributes
to several local environmental and human health risks, such as the risk of stockpile fires, the potential for
old tyres to act as a breeding ground for disease-carrying mosquitos and hazards associated with chemical
leachate.

Several OECD countries have introduced ELT management schemes to facilitate the separate collection
and environmentally sound handling of used tyres, such as Extended Producer Responsibility systems
and take-back obligation schemes. These resulted in an overall improvement of collection rates for used
tyres, as well as fostered the development of the ELT recycling industry and the proliferation of solutions
to close material loops in the sector. For instance, in the Flanders, the EPR system in place has contributed
to decreasing the amounts of dumped tyres almost to zero (OECD, 2016s0)). Further, the regular flow of
used tyres guaranteed by the management scheme in place has allowed for the development of a market
for recycling tyres and tyre materials and a reduction of total tyre materials disposed via incineration from
energy recovery.

In recent years, concerns emerged with regards to the potential for microplastics to leak from certain
material recovery applications for ELTs. This is discussed below.

Leakage of rubber granulate from artificial sport turfs

A common method for material recovery from end-of-life tyres is shredding for the production of rubber
granulate, i.e. small particles to be used in a variety of industrial applications. Rubber granulate can be
manufactured from ELTs as well as from rubber derived from other sources (e.g. virgin elastomer
alternatives such as EPDM rubber and TPE) and usually has a size between 0.5 and 2.5 mm (Eunomia,
2018s1]). A common application of rubber granulate is use as infill for artificial sport turfs. The use of rubber
granulate as infill material offers several advantages compared to natural alternatives, such as durability,
resistance to varying weather conditions, good shock absorbance and safety characteristics, low costs, as
well as a lower need for virgin materials (Magnusson et al., 201651)).

Some recent studies have pointed to artificial turfs as an additional source of microplastics discharge into
surrounding soil and surface drains, due to the emission of rubber granulate mainly caused by transport
off the pitch during use (e.g. by athletes) or during maintenance and the effect of weather events (RIVM,
2018s2)). Initial estimates for Sweden found that approximately 2-3 tonnes of microplastics per football field
may be lost yearly, suggesting that rubber infill may constitute a major source of microplastics pollution
(Kole et al., 2017s2)). It is now recognised that several factors influence the overall volume of infill material
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(e.g. compaction) and that past figures may have largely overestimated the extent of microplastics leakage
from artificial sport turfs. Still, a more recent study conducted in Denmark estimated the infill material loss
(due to contact with athletes, snow clearance and rain water discharges) to be 300-730 kg/year per field
(Lokkegaard, Malmgren-Hansen and Nilsson, 2018s3). For Sweden, new calculations estimate that
around 550 kg/year from an average football field, which would imply yearly national losses of 475 tonnes
of microplastics (Swedish EPA, 2019s4)).

In response to recent findings, several OECD countries have mandated research projects and calls for
evidence to fill knowledge gaps on the composition, leakage, exposure pathways and potential hazards of
rubber granulate used in artificial sport pitches. A recent mass flow study in Switzerland demonstrated that
about 3% of rubber-based particles entering the environment is released as granules (and 97% as TRWP)
(Sieber, Kawecki and Nowack, 2020s3)). Further research is required to better assess the environmental
risks associated to the use of rubber granulate as infill material in sport pitches, and in particular to further
investigate the potential for release of hazardous substances via ELT-derived rubber granulate (ANSES,
2018;s51). An additional source of microplastics pollution which also requires further investigation is the use
of rubber granulate in moulded rubber granule surfaces, such as fall protections and multicourts present
in playgrounds.
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Notes

! As illustrated in Figure 1.4, releases into the environment of microfibres emitted during
product use are particularly high in emerging economies (including major textile
manufacturing countries such as China and India), mainly due to the lower rates of
connectedness and treatment of wastewaters and the larger population sizes.

2 All washing methods are expected to contribute to fibre release, but there is limited
knowledge on fibre release occurring during practices such as hand washing, steaming, or
dry cleaning.

3 Road markings consist of plastic polymers, pigments, fillers and additives (Andersson-
Skold et al., 20201)).

* The size range for TRWP was estimated to span from 4um to 280 um, with the mode
centred around 50 um (Kreider et al., 2010p7).

3 This is not the rule in most other OECD countries. Porous asphalt is used in 95% of Dutch
roads but only in 1% of roads in most other EU countries (Eunomia, 2018s1;). To maintain
its functionality, porous asphalt pavements require regular street sweeping, which removes
debris and pollutants (including TRWP).

® Some studies have investigated risks associated with rubber granulate used as infill
material. This is discussed in Section 2.3.2.

7 Council Directive 99/31/EC of 26 April 1999 on the landfill of waste (“Landfill Directive”)
introduces a ban on the disposal in landfills of shredded and whole waste tyres, excluding
tyres used as engineering material. The California Code of Regulations, Title 14,
establishes that waste tyres may not be landfilled in a solid waste disposal facility, unless
they are permanently reduced in volume prior to disposal.
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§ Mitigation technologies
and best practices

This chapter documents and assesses available best practices and
technologies that can be employed to mitigate the release of microplastics
from textiles and tyres into the environment. The chapter follows a life-cycle
approach, discussing options implementable at the design and
manufacturing, use and end-of-life phases, as well as options for the end-
of-pipe capture of microplastics.

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021



| 65

3.1. Introduction

The present chapter aims to provide a stocktake of knowledge and techniques currently available to
mitigate the leakage of microfibres and TRWP into the environment. These include several mitigation best
practices, actions and technologies implementable during different stages of the lifecycle of textile products
and vehicle tyres, as outlined in Figure 3.1. The chapter is structured as follows: Sections 3.2 and 3.3
present and assess the available mitigation best practices and technologies that can be implemented
throughout the lifecycle of textile products and tyres (design and manufacturing, use and end-of-life), while
Section 3.4 documents and assesses options for the end-of-pipe capture of microplastics.

Figure 3.1. Overview of microplastics mitigation entry points and actions (for textiles and tyres)
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3.2. Technologies and best practices implementable during the textile lifecycle

The sections below report and assess relevant best practices and mitigation technologies applicable
throughout the lifecycle of textiles. Best practices and relevant mitigation technologies implementable at
the design and manufacturing stage are discussed in Section 3.2.1, including also eco-design options for
the detergent and washing machine industries and potential mitigation solutions for industrial emissions.
Section 3.2.2 assesses mitigation actions implementable at the use stage, i.e. the uptake of best use
practices and of mitigation technologies, while Section 3.2.3 outlines relevant end-of-life measures to
prevent the leakage of textile waste into the environment as well as measures to extend the lifecycle of
garments and reduce waste generation. Where knowledge is available, considerations on costs and
potential trade-offs or synergies with other environmental objectives are also discussed.
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3.2.1. Product design and manufacturing

Best practices and technologies for textile design and manufacturing

The textile design and manufacturing phase holds a large potential for microfibre mitigation, as it offers the
opportunity to reduce overall microfibre release at source and to mitigate emissions into a variety of entry-
pathways, including emissions into air occurring during wearing and everyday use (De Falco et al., 2020p).
Several parameters in textile manufacturing influence the amounts of microfibres released during use, from
the choice of fibre and yarn type, the fabric structure, the finishing treatments employed and the post-
manufacturing processes. Table 3.1 presents and assesses a number of preferable parameters and
processes for textile production in line with microfibre mitigation, as identified by available research.

Although the objective of this section is to assess and compare best practices aimed at minimising
microfibre shedding, policy decisions will need to place this issue within a holistic approach taking into
account considerations on the broader systemic environmental and climate issues associated with fast
fashion. Decisions on manufacturing practices will also have to consider other areas for environmental
impacts (e.g. climate impacts, land use, chemicals use and water pollution, resource use), social
implications (e.g. jobs disruption and creation, labour rights protection) and risks for potential burden-
shifting.

Table 3.1. Overview of best practices and technologies relevant for the minimisation of microfibre
shedding and implementable during textile design and manufacturing

Mitigation measure ~ Relevant Best practices / technologies
stages Description Benefits (+) and Disadvantages (-)
Yarns made of continuous filaments (fibres of + Easy implementation
5 indefinite length) are to be preferred to yarns made of ~ + Also prevents the release of microfibres to air
‘g short staple fibres since short fibres can more easily  + ess expensive production process
S slip away due to the mechanical actions of washing + Fibre production method already increasing in
£ and wearing (De Falco et al., 2020p; Camey Almroth | ,c0
Optimisation of fibre = etal., 2018y, Dalla Fontana, Mossotti and o ,
o N ' ’ - Leads to changes in fabric properties
yarn and fabric Montarsolo, 2020;3). ges in Tabric propert
characteristics o Compact yarn and fabric structures, like highly + Textile features already in use
.,‘; s twisted yarns and woven fabrics, are preferable to + Also prevents the release of microfibres to air
- ‘é looser textile structures, such as poorly twisted yams | eads to changes in fabric properties
S and knitted fabrics (De Falco et al., 2020;1;; Carney - Higher production costs
N Almroth et al., 2018;; Yang et al., 2019y4).
Protective coatings: the application of a thin layer on + Also prevents the release of microfibres to air
the surface of the fabric can protect the fabric from + Opportunity to substitute with less-hazardous
the mechanical and chemical stresses it undergoes finishings and implement circular practices
during a washing process (EU MERMAIDS, 2015)).  + Extended fabric lifetime
Coatings have been developed on polyamide fabrics ~ _| aa4s to changes in fabric properties
with an efficiency of more than 80% in microfibres - Certain textile auxiliaries can contribute to
2 re(:jutc)'tlczjn by l(JjSIglg peTt'n (De Eak? Iet al.t, 2|O18[6]) chemical pollution and should be avoided
Optimisation of the g ;3 19 '(; egradable polymers (De Falco et ., - Implementation and costs strongly depend on
finishing treatments = - the type of treatment developed
applied *g The avoidance of mechanical finishing treatments + Also prevents industrial emissions of microfibres
[

napping, raising, shearing and brushing, which are
employed to obtain textile surfaces composed of
loose short cut fibres and are thus associated with
higher shedding (Sillanpaa and Sainio, 2017g; Cai
et al., 2020y; Pirc et al., 20161105, Roos, Levenstam
Arturin and Hanning, 20171117), could mitigate
microfibre emissions.

+ Also prevents the release of microfibres to air
- Where the processes are unavoidable (e.g. for
the production of fleece, pile, velvet), microfibre
removal and collection may be required

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021



| 67

Mitigation measure ~ Relevant Best practices / technologies

stages Description Benefits (+) and Disadvantages (-)
Laser cutting should be preferred over scissor cutting = + Better efficiency and cost saving
to prevent the release of microfibres from the edge of ~ + Technology already in use

the fabrics (IROOS, Levenstam Arturin and Hanning, + Lower industrial waste generation (Nayak and
2017p4j; Cai et al., 2020)). Padhye, 201612)

Fabrication
and tailoring

Best garment Removal of microfibres via pre-washing: the amount  + Also prevents the release of microfibres to air
manufacturing a.nd of microfibre released from synthetic fabrics is + Already occurring in certain cases
post-manufacturing greater in the first washes. This is likely to be partially - Variable and potentially high costs

practices due to the fibre residuals from manufacturing - Difficult to implement where manufacture takes

processes. Preliminary controlled industrial washing place abroad in emerging economies
of the textile/garment has been proposed as a
mitigation measures, implementable at the end of the
production phase or before distribution (EU
MERMAIDS, 2015p13)).

- Requires the presence of adequate wastewater
treatment systems

Post-manufacturing
| distribution

Notes: Napping is done to obtain a fuzzy effect on the fabric surface, by raising the loose fibres (raising) and then cutting the raised nap to a
uniform height (shearing) (EU MERMAIDS, 201513)). Brushing is a finishing treatment where brushes or other abrading devices are used to
remove loose threads and enhance the final appearance of garments.

Source: Authors’ own elaboration

Research has identified several manufacturing processes in line with microplastics mitigation that are
already widely employed in textile manufacturing, such as the use of continuous filaments, compact
structures and laser cutting. For instance, the production of staple fibres has been decreasing in recent
years in favour of continuous filaments, whose production costs less than staples (The Fiber Year,
20171141). However, trade-offs with desirable garment characteristics or with other environmental benefits
may pose a barrier to their large-scale deployment. For instance, the use of continuous filaments and
compact structures, in line with lower microfibre shedding, will affect the characteristics of the final product,
in addition to also requiring higher chemical use and water consumption during manufacturing (e.g. in the
case of woven fabrics which require sizing and desizing processes) (Shaker et al., 2016y15)). Similarly, a
shift away from knitted and towards woven fabrics could not be easily achieved: knitted fabrics represent
57% of the world market (compared to 32% for woven fabrics) (The Fiber Year, 201714]) and are produced
at significantly lower costs than woven ones (Shaker et al., 2016}15)). Further research could explore the
relevance of increasing the use of knitted fabrics with more compact features, such as highly twisted yarns.

The application of finishing treatments that create protective coatings against microfibre shedding is a key
mitigation solution, yet still in the developmental phases. A promising option in terms of efficiency, costs
and implementation feasibility is a coating based on pectin, a natural polysaccharide that can be recovered
from waste of the agricultural and food industries at a low cost. Washing tests of fabrics treated with pectin-
based coatings showed a microfibre reduction effectiveness of about 90% (De Falco et al., 20181¢)). The
coating is applied on fabrics with a treatment similar to padding, a process already commonly used in
industrial finishing treatments.

Coatings based on biodegradable polymers (e.g. polylactic acid and polybutylene succinate-co-butylene
adipate) also showed a promising mitigation effectiveness, although currently their application may be
costly and challenging to scale up at industrial level (De Falco et al., 20197). Coatings based on protein-
based materials inspired by squids have also been proposed, yet the production costs for the raw material
could be high and their effectiveness after repeated washing cycles remains unclear (Pena-Francesch and
Demirel, 2019p17)). Overall, protective coatings offer a promising technological mitigation option
implementable at industrial scale during the production of textiles, however further research and testing is
required in order to assess its effectiveness, implementation costs, application feasibility on different types
of fabrics, compatibility with textile manufacturing processes (e.g. dyeing) and durability.

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021



68 |

As microfibre shedding tends to decrease in subsequent washing cycles!, prewashing of synthetic fabrics
has been proposed as a potentially effective mitigation measure. The main benefit of the prewashing
practice at industrial level is that it provides retailers and/or consumers with products with a lower tendency
to shed microfibres. Where adequate wastewater treatment systems are in place, the highest quantities of
microfibres released at the beginning of fabric lifetime would be more efficiently retained at the end of
manufacturing. Further, the practice could be also useful to remove microfibres from manufacturing
processes entrapped in the fabrics, as well as other chemical residuals (Cesa et al., 20201s); Cai et al.,
2020i9); Belzagui et al., 20191g)).

Removing microfibres at the production stage’® can be a strategic and cost-effective option to tackle the
issue of microfibre shedding as upstream as possible (before these are channelled into different
environmental pathways) while also synergistically targeting industrial emissions of microfibres and other
pollutants. However, prewashing may be associated with high implementation costs and a variable
mitigation potential. Depending on the local context, the effective implementation of this practice may
require the update of the current industrial wastewater treatment infrastructure with technologies able to
retain microfibres with adequate efficiency. Thus, this mitigation best practice may be challenging and
costly to implement in SMEs in emerging economies, where the majority of textile manufacturing takes
place. In light of these challenges, it has been suggested that policy could also envision that the pre-
washing of textile products manufactured abroad takes place in the importing country under controlled
conditions. In sum, pre-washing has a high mitigation potential, however further tests are required to
evaluate its implementation feasibility at different entry points (i.e. textile manufacturing, fabric
manufacturing, or retail), as well as to further investigate whether the decrease in microfibre emissions
occurs independently from the specific characteristics of different fabrics.

In general, as point-source emissions are easier to manage than diffuse ones, the design and
manufacturing of textiles and garments generally offers large opportunities for cost-effective reductions in
microfibre emissions. However, persisting knowledge gaps pose a barrier to the development and
implementation of the identified mitigation best practices and technologies. Further research is currently
required to more reliably assess the cost-effectiveness and implementation feasibility of the available
mitigation options, as well as to evaluate the potential trade-offs with the preservation of desirable
environmental benefits or garment characteristics.’

The lack of standardised methodologies and the lack of transparency along the textile value chain have
been identified as key barriers to the investigation and implementation of best manufacturing practices.
Firstly, the lack of common measurement standards for microfibre shedding renders test results difficult to
compare and aggregate, limiting possibilities to draw conclusions on the manufacturing parameters which
influence microfibre shedding during use. Secondly, the complex and geographically dispersed nature of
textile and apparel value chains provides challenges to the adequate provision of product information
further downstream (Niinimaki et al., 202020)). Knowledge and data gaps in the manufacturing history of
fabrics (e.g. production steps, chemicals used, etc.) pose challenges to the evaluation of the effect of
specific production processes on microfibre release and, therefore, to the identification of best design and
manufacturing practices. For these reasons, collaboration between researches and textile industries could
be beneficial and instrumental in accelerating research and industrial-scale deployment (see Chapter 5).

Prevention of industrial emissions

As outlined in Chapter 2, microfibres were found in relevant concentrations in industrial wastewater (Xu
et al., 2018211) and in water and sediments sampled in textile industrial areas (Deng et al., 2020p22). Given
there is currently insufficient information to reliably quantify and characterise the release of microfibres
occurring during manufacturing, there is a need for textile producers to collect data on industrial microfibre
emissions in order to adequately inform mitigation action.
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It has been suggested that in-line vacuum systems could be added to capture loose fibres via air filtration
and exhaustion after processes such as brushing, sanding and raising (Carney Almroth et al., 20182)). The
EU MERMAIDS project recommended to handle carefully mechanical finishings which generate many
loose microfibres, such as napping (EU MERMAIDS, 2015}13)). Textile manufacturing facilities could be
fitted with treatment systems of water and air dedicated to the removal of microfibres, although such
systems have not yet been developed or presented. Implementation steps are expected to be long and
potentially to bear high costs for the textile industry, given the existing technological barriers. Options for
the improved treatment of industrial wastewater effluents are discussed in Section 3.4.1.

Best practices for the production of laundry detergents and washing machines

Detergent and washing machine manufacturers may also be important players in the mitigation of
microfibre emissions. Available research has identified several entry points for the identification of best
practices for microfibre pollution mitigation implementable during the production of detergents and washing
machines, as summarised in Table 3.2.

Table 3.2. Overview of microfibre mitigation actions relevant for detergent and washing machine
manufacturers

Industrial Best practices / technologies
sector Description Benefits (+) and Disadvantages (-)
Focusing production on liquid light duty detergents, since + Better fabric care
heavy-duty detergents are more aggressive and cause a - Possible additional production costs for the relevant industry
S greater release of microfibres, especially powder ones (EU - possible additional carbon footprint and costs for transportation
S MERMAIDS, 2015p13)).
g_ Developing detergents effective at low temperatures and + Synergic action with the best practice for laundry of low washing
€ during short washing cycles (Cotton et al., 2020p3)). temperature and time
= - Possible additional production costs for the relevant industry
g Research and development for new additives to improve the  + By preventing fibre breakage, the fabric care is improved and the

Washing machine production

mitigation effect of detergent products on microfibre release
during the washing cycle.

Development of built-in filtration systems that retain
microfibres.

Preference for front-load washing machines over top-load
ones. Top-load washing machines usually have central
agitators that spin to rub textiles against each other in order
to wash them, likely causing higher abrasion of garments
and higher fibre release compared to the rotating drum of
front-load washing machines (Hartline et al., 2016p24)).

Development of washing machines that use lower volumes
of water (Kelly et al., 2019p5; Lant et al., 2020p26)).

textile life prolonged.

- Possible additional production costs for the relevant industry

+ Compared to external filtration systems, the correct functioning of
the machine could be better controlled.

- Possible additional production costs for the relevant industry

+ Better fabric care

- Costs of production conversion for top-load machines manufactures

+ Lower water consumption
- Possible higher production costs for the industry

Source: Authors’ own elaboration

The use of detergents and softeners can influence the microfibre shedding degree of clothing and also
directly contribute to the release of intentionally-added microplastics. The development of products aligned
with the prevention of fibre loss, such as detergents that are effective at low temperatures and during short
laundry cycles, while also efficiently cleaning the fabric, can potentially contribute to microplastics pollution
mitigation, although solutions may take time to be developed. It will be crucial that new detergents and
additives do not contain intentionally-added microplastics or harmful substances available for release into
the environment. A synergic action between innovation in detergent production and in the application of
finishing treatments during textile manufacturing should also be taken into consideration to ensure that the

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021



70|

laundry cycle does not provoke the detachment of coatings and that an overall microfibre reduction effect
is achieved.

At the level of washing machines production, there is scope for adapting the design of products in order to
help mitigate the generation and emission of microfibres during laundering. However, currently, there are
no reports of washing machines available on the market with a tested effectiveness in mitigating microfibre
emissions.* Washing machines able to both maintain the correct functioning of the machine and mitigate
microfibre releases into wastewaters (e.g. via built-in filtration systems) may take time to be developed and
tested.

In both cases, the implementation of these mitigation actions may take time and could bear substantial
costs for the relevant industries, from R&D to manufacturing, potentially also resulting in higher consumer
prices. However, as for textile design and manufacturing, the development of solutions at the industry level
can hold large potential for mitigation as well as for easier implementation and monitoring via adequate
policy intervention.

3.2.2. Textile use stage

Best practices for maintenance and care

The use of garments contributes to microfibre pollution in two ways: it causes the release of microfibres
into air (De Falco et al., 2020p1; Dris et al., 2017277) and it causes fabric abrasion and tear that can lead to
microfibre emissions during washing. Although further research is required in order to correlate practices
aimed at improving fabric durability with microfibre release, several practices aligned with adequate textile
care and improved durability of fabrics are expected to also minimise microfibre generation during
laundering and drying, as summarised in Table 3.3. These include reducing the frequency of washing
cycles, washing full loads and at low temperatures, preferring liquid to powder detergents, using fabric
softeners (except for fabrics which can be damaged by the use of softeners, such as outdoor apparel) and
avoiding tumble-drying.

Key barriers to implementation are a lack of consumer awareness and knowledge on the environmental
consequences of microfibre pollution, as well as on the available mitigation measures. As reported in
previous sections, scientific consensus over the relative effectiveness of these practices remains uncertain,
also due to the absence of standardised methodologies to quantify microfibre release. Further research is
required in order to gather more and conclusive data on the parameters that influence the release of
microfibres during the laundering, drying and wearing of textiles. The good outcome of such investigations
will also depend on the level of collaboration between relevant stakeholders and industrial sectors.

Further research is also needed to understand how the tendency of garments to emit microfibres changes
over their lifetime, particularly to understand whether there is a threshold beyond which older garments
start releasing higher amounts of microfibres. Several studies have found that the release of microfibres
decreases during subsequent washing cycles (Cai et al., 2020p2g;; Carney Almroth et al., 2018j2;; Cesa
et al., 2020p1s;; Belzagui et al., 201919;; De Falco et al., 201920;; Napper and Thompson, 201630;; Pirc et al.,
2016110;; Sillanpaa and Sainio, 2017s;), however this trend has mainly been observed with new garments
and might differ with clothes that have been worn. One study mechanically aged some garments and found
that they released more microfibres than new ones (Hartline et al., 201624;). Tests conducted in real
household conditions found relevant quantities of microfibres released, however these cannot give
indications of potential trends over the lifecycle of garments (Galvao et al., 202031; Lant et al., 2020;2¢)).
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Table 3.3. Overview of best practices to minimise microfibre shedding implementable during textile
washing and drying

Use Best practice
stage Description Benefits (+) and Disadvantages (-)

Fabrics should be washed less frequently and only when it is required by + Lower energy and water consumption
the level of dirt (EU MERMAIDS, 2015;32;; Napper, Barrett and Thompson, + Better maintenance and longer lifetime of garments.
2020;33)).
The use of detergent favours the release and transport of microfibres (De + Better fabric care by avoiding friction
Falco et al., 2019p9;; Yang et al., 2019u;; Carney Almroth et al., 2018y2). - Effect on the production of detergent manufacturers with
Liquid detergents should be preferred over powder ones, which are related costs to adjust their products
generally more harmful to textiles and enhance microfibre release’ (EU
MERMAIDS, 2015;32; De Falco et al., 20181)).
Fabric softeners should be used to mitigate fibre-to-fibre friction occurring + Better maintenance and longer lifetime of garments.
during washing and reduce fibre shedding. It has been estimated that the - Additional costs for consumers

2 use of softeners reduces microfibre release by 35% (De Falco et al., - Not suitable for all textiles types (e.g. outdoor apparel)

é 2018p1g).

= Employing laundry programs that use less volumes of water and washing + Lower energy and water consumption
full loads of textiles reduces microfibre shedding (EU MERMAIDS, 201532, - Potential trade-offs with the effectiveness of the cleaning
Lant et al., 2020p¢;; Kelly et al., 2019ps). Although more research is process.
required in this area, it is believed that high water-volume-to-fabric ratio
results in a greater wettability of the fabric and consequentially higher
detachment of microfibers from the yarns (De Falco et al., 2018p1g)).
Low washing temperatures, shorter laundry cycles and low mechanical + Lower energy and water consumption
action (i.e. centrifuge, spin) minimise the stress mechanisms that fabrics + Reduced colour loss and dye transfer to wastewaters
undergo during washing (De Falco et al., 20181¢;; Hartline et al., 2016p4;; (Cotton et al., 202023
Lant et al., 2020pe; EU MERMAIDS, 2015325, Yang et al., 2019y; + Better maintenance and longer lifetime of garments.
Zambrano et al., 2019;34;; Dalla Fontana, Mossotti and Montarsolo, 20203).
The usage of tumble dryers is likely to enhance fibre release. Pirc et al. + Lower energy and water consumption
(20161107) found that during tumble drying a fleece shirt released on average = - Additional costs for tumble-dryer manufacturers to find
3.5 times the number of fibres released during washing. Other researchers  mitigation alternatives.

2 also hypothesized that non-natural drying and over-drying could cause

S‘ fabric damage and increased microfibre release (Cesa et al., 20201g).

However, the impact of tumble-drying on microfibre release may vary
depending on the textile composition and structure, and further research is
required to assess it.

Notes: 1: This may be due to the presence in powder detergents of inorganic compounds insoluble in water that cause more friction with textiles,
or to the higher pH of powder detergents compared to liquid ones (De Falco et al., 2018j1¢)).
Source: Authors’ own elaboration

Capturing and filtration devices implementable at the level of washing machines

Several capturing and filtration devices have been developed to reduce microfibre release during washing
processes. The majority of existing technologies are available to consumers on the market and include
devices to be added to the drum of the washing machine (in-drum capturing devices), external filtration
systems to be positioned at the end of the drainpipe (add-on external filters) and built-in filters. Selected
examples are described in Table 3.4 according to their type, effectiveness (in terms of % of weight
reduction of microfibres released) and key characteristics.

In general, several issues need to be taken into account when considering mitigation technological
solutions implementable during the use phase of garments. Additional costs for the consumer are a primary
concern, as also are the degree of additional maintenance required and the ease of use. In terms of user-
friendliness, particular attention has been given to the need to find solutions which prevent mishandling,
for instance via the rinsing of the filter in the sink and the dispersal of microfibres into household sewage.
Additional concerns are the potential trade-offs that may arise with other environmental benefits, such as
the energy efficiency of the laundering process, the environmental footprint of the lifecycle of filters (e.g.
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production, collection, reuse or recycling, disposal) as well as their durability and the need to ensure the
adequate disposal of the retained microfibres (Herweyers et al., 202035)).

Table 3.4. Overview of capturing and filtration devices for microfibres

Type Name Description Effectiveness Cost Benefits (+) and Disadvantages (-)
Cora Ball Laundry ball with 31% (Napper, Barrett and USD$37.99  +Ease of use (added directly to the
stalks to catch Thompson, 2020;33); drum with clothing)
w“ fibres (Cora Ball, 5% (Mcliwraith et al., 2019;37); + Could reduce overall shedding
8 2020;36)) - Cannot be used with delicates
§ - Tedious cleaning process
§ Guppyfriend A polyamide 6.6 86% (Guppyfriend, 2020g)); €29.75 + Could reduce overall shedding
T washingbag ~ 50x74 cm 54% (Napper, Barrett and + Protects fabrics during washing,
- washing bag Thompson, 2020;33)); potentially extending their lifetime
+ Low price
- Can limit the maximum washing load
Lint LUV-R Filters made of a 65% (Lint LUV-R Septic SAV-R) and USD § 145 - Unclear cleaning and maintenance
Septic SAV-R = stainless steel 87% (MicroPlastics LUV-VR) (Lint LUV-R
and mesh with hole (Environmental Enhancements, Septic SAV-R)
MicroPlastics = diameters of 1580 = 2020pg));
LUVR pm (Lint LUV-R) 80% (Mcliwraith et al., 2019;37)); USD §$ 180
or 150 ym 29% (Napper, Barrett and (MicroPlastics
(MicroPlastics Thompson, 2020;33); LUV-R)
LUV-R) 65-74% (Browne, Ros and
Johnston, 2020u0)); *
- PlanetCare = Filter based on a 90% (Planet Care), 79% (Slovenian € 9.95 (monthly = + Easy installation (Swedish EPA,
S cartridge to be National Institute of Chemistry), 73% subscription) 201842)
“c:i replaced after (National Research Council of Italy, - Used cartridges need to be sent
£ approximately 20 Institute for Polymers, Composites € 139.50 (for back to the producers
% wash cycles and Biomaterials) (PlanetCarep1); 13 cartridges)
S 25% (Napper, Barrett and
3 Thompson, 2020;33); 2
< Filtrol Reusable mesh 89% (Athey et al., 2019u4)); USD $139.99  + Easy installation
filter with - Does not retain the smallest particles
replaceable filter (Swedish EPA, 201842)
bag (Filtrol, - Cannot be used with fabric softeners
2020143) or excessive amount of detergent
Indikon-1 Filter based on a 81% 3 N/A + Easy maintenance: the unit tells the
cartridge to be consumer when to change the
replaced after cartridge
about 100 washes - Used cartridges needs to be sent
back to the producers
XFiltra Prototype filter 90% (Xeros Technologies, 2020us)) N/A + Removes the need for the user to
g designed to 78% (Napper, Barrett and purchase, install and operate an
= perform three Thompson, 2020;33)) external filter unit.
E actions: filtration, + No need for cartridge replacement
a pump and de- - Unclear maintenance needs for
watering consumers

Notes: The table only presents a selection of examples for which sufficient information was retrieved, however additional filtration devices may
exist on the market or be in the phase of development. The information on the technologies presented also only reflects the state of knowledge

at the time of writing.

1: Different versions of the Lint LUV-R (Septic SAV-R and MicroPlastics LUV-VR) filter were tested by the studies presented.
2: Similarly, different versions of the Planet Care filter were tested during its developing phase.
3: Information provided by Avril Greenaway, Cleaner Seas Group, on 4 February 2021

Key advantages of filtration devices are their commercialisation, availability for implementation and
ongoing continued technological improvement. However, their use remains on a voluntary basis by the
consumer, so it is difficult to control their uptake and assess their effectiveness in real-life conditions,
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especially where more delicate cleaning and maintenance operations are required. Furthermore, the
majority of these devices have been conceived for use in household applications rather than at large scale
(e.g. in industrial or commercial laundering facilities), although several models could be easily adapted to
allow for larger water flows.>

Common barriers and issues to be addressed in order to allow the broader implementation of filtering
technologies include:

e The lack of standardised test methods to assess and compare the effectiveness of available
devices. While some filters have been independently tested, a clear and reliable picture of their
effectiveness and durability is not yet available. The dimensional range of the microfibres retained
by filter devices needs to be investigated further. It is essential to develop standardised test
methods to compare the effectiveness of filters and to assess their compatibility with washing
machines and with textile laundering processes.

e The need for further research on the potential trade-offs and synergies with other best practices
and technologies for microfibre mitigation. For instance, although using the Guppyfriend bag can
ensure better fabric care, it could potentially lead consumers to wash full loads less frequently.

e The need for the provision of information on adequate maintenance practices. For some in-drum
filters currently on the market, it is recommended that these are cleaned when fibres or
entanglements are visible. Where maintenance or replacement of parts by the consumer is
required, inadequate handling could potentially cause clogging or malfunctioning in the washing
machine.

e The lack of endorsement by the washing machine industry. As external filtration systems have not
yet been endorsed by washing machine manufacturers, the compatibility of these devices with
different types and brands of washing machines cannot be determined yet. Also, the impacts of
these technological solutions on the normal functioning of the machine, notably in terms of
energy/water consumption and cleaning effectiveness, are neither clear nor well documented.

e The need for the adequate disposal of microfibres. It should be ensured that the disposal of
microfibres, which are small in size and can be easily dispersed, is handled carefully. For instance,
the PlanetCare and Indikon-1 filters use a cartridge that needs to be replaced after a certain number
of washes and require customers to return the full cartridges so that these can be handled correctly.
Both companies aim to reuse or recycle the used cartridges, although public information of how
this aim is achieved is not yet available.

Drawing from these elements, an assessment of considerations relevant for the design of policies that
mandate the adoption of filtering technologies for washing machines is included in Chapter 4.

3.2.3. Textile end-of-life stage

The current system of textile and fashion consumption is responsible for the production of more than 92
Mt of textile waste per year (Niinimaki et al., 2020207). The recovery of materials at the end of the life cycle
of products is very low: it is estimated that 87% of the total fibre input in textile manufacturing is landfilled
or incinerated and less than 1% of the materials used in textile manufacturing are recycled at the end of
the lifecycle of products (EMF, 2017 4¢)).

Little information is currently available on the contribution of the end-of-life of textiles to overall microfibre
releases. Since the mismanagement of plastic waste contributes to the emission of microplastics (see
Section 1.2.2), it is likely that the inadequate management of textile waste contributes to the release of
microfibres to both water and air. It is unclear to what extent recycling and reuse practices are aligned with
microfibre mitigation objectives. For instance, fibre grinding, i.e. a recycling process where fibres are
ground to be used in other applications such as construction, could require further evaluation with regards
to microfibre release and the potential need for mitigation solutions at recycling facilities. With regards to
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garments made out of recycled fibres, available evidence does not provide a clear picture of trends in
microfibre release in comparison with garments made of virgin fibres (Roos, Levenstam Arturin and
Hanning, 2017p11; De Falco et al., 201929;; Ozkan and Giindogdu, 20217;; De Falco et al., 2020us). With
regards to reuse, further research is also required to ascertain whether and to what extent ageing garments
have a higher tendency to shed fibres (see Section 3.2.2).

In general, further research is needed to adequately assess the impact of reuse and recycling practices on
microfibre generation. Yet, given available knowledge, it is likely that the environmental benefits of reusing
(or recycling) garments outweigh the potential additional microfibre leakage associated with the use of old
(or recycled) garments. Reductions in textile production and waste generation, also achievable by
extending the useful life of products and by keeping materials within the economy, can significantly reduce
environmental impacts associated with the handling and transportation of textile waste and the demand
for virgin materials.

Textile waste generation could be prevented or reduced via a number of measures, such as:

e Reductions in pre-consumer textile waste generation. Between 10% and 30% of the fabric used in
the manufacturing process is wasted. Additionally, incinerating unsold garments remains a
common practice. Pre-production waste generation could be reduced by slowing down
manufacturing rates and improving the accuracy of production via better communication between
design and manufacturing (which are often in different geographical locations) (Niinimaki et al.,
2020207). Regulatory measures can also be introduced to ban the destruction of unsold
merchandise (see for instance (France, 20209))).

e Extended lifetime of garments and reductions in post-consumer textile waste generation. A key
barrier in the reduction of textile waste are practices associated with the concept of “fast fashion”
(i.e. cheap manufacturing, massive production and continuous proposal of new, short-lived
garments) which encourage fast disposal (Niiniméaki et al., 202020;). Today, clothes are more and
more underutilised: it is estimated that in the past 15 years, the average number of times a piece
of garment is used before being thrown away has decreased by 36% (EMF, 20176)). Several
options exist to extend the lifetime of clothing and textile materials, including creating markets for
second-hand clothing. Efficient and dedicated textile collection systems are required to support
reuse practices and to ensure that garments maintain their quality over their extended lifetime.
Emerging business models such as product-service systems, supplier take-back schemes and
sharing platforms, can play a large role in increasing the utilisation of garments and steering textile
consumption towards higher sustainability (UNEP, 2020s0)).

e Improved textile recycling. Several recycling practices exist for textiles and garments: conversion
to cleaning and wiping rags, fibre recovery for use in new yarns, fibres re-spinning into new
filaments and feedstock recycling (i.e. the polymer is broken down to its original monomers)
(Piribauer and Bartl, 2019;51;). The presence of separate collection is a necessary prerequisite to
enable recycling, especially to enable the larger uptake of higher value recycling opportunities. For
instance, legislation in place in the EU obliges member states to collect textile waste separately by
2025 and ensure that waste collected separately is not incinerated or landfilled (EEA, 201952).
Measures aimed at encouraging eco-design could also facilitate end-of-life management and
efficient recycling of garments, for instance by avoiding the use of multi-material textiles, which are
more challenging to recycle efficiently.

3.3. Technologies and best practices implementable during the tyre lifecycle
The sections below report and assess relevant best practices and mitigation technologies applicable along

the lifecycle of tyres. Section 3.3.1 discusses relevant mitigation options implementable during the design
and manufacturing of tyres as well as of roads and vehicles. Section 3.3.2 assesses mitigation actions
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implementable during the use phase, i.e. the uptake of good practices for tyre use and maintenance and
eco-driving practices, as well as broader actions aimed at reducing overall vehicle kilometres travelled.
Section 3.3.3 focuses on the end-of-life phase and outlines relevant best practices for the maintenance of
artificial sports turfs.

3.3.1. Product design and manufacturing

Mitigation technologies and best practices related to material design intend to reduce the tyre wear rate.
This can be achieved either by optimising tyre tread and road pavement characteristics or by reducing
vehicle weight (Table 3.5).

Table 3.5. Overview of mitigation actions relevant for TRWP and implementable during product
design and manufacturing

Mitigation action

Description

Advantages (+) and Disadvantages (-)

Optimisation of tyre tread
characteristics and dimensions

Optimisation of road design and
road surface characteristics

Reduction in vehicle weight

Tyre characteristics influence the tyre tread
wear rate. The optimisation of tyre design in
line with lower tyre tread wear, without
compromising on other relevant characteristics
of tyres, is expected to substantially reduce
TRWP generation.

Since the characteristics of roads (i.e. the road
design, the texture of the pavement and the
types of road markings employed) influence
wear, these could be optimised to allow for
lower tyre tread wear rates.

A shift towards lighter vehicles (or a reversal of
trends towards heavier ones) can reduce
TRWP generation.

+ Potentially high impact

+ Potential prolonged lifetime of tyres

+ No time-intensive adaptation of infrastructure needed

- Currently, trade-offs with safety concerns and other
desirable characteristics of tyres

- Requirements for tyre design depend also on vehicle type
+ Potentially high impact

+ Reduction in noise levels

- High costs and limited implementation potential (for road
pavement replacement)

- Trade-offs with safety and durability concerns

- Further research required in some areas (e.g. road
pavement optimisation with regards to tyre wear)

+ No changes in infrastructure required

+ Lower fuel consumption

- Vehicle weight depends in part on consumer preferences

- Transition into e-mobility may lead to an increase in
average vehicle weight and TRWP generation

Source: (Andersson-Skéld et al., 2020s3); OECD, 2020s45; Pohrt, 2019;s5))

Optimisation of tyre tread characteristics and dimensions

Tyre characteristics, such as the dimension and the mechanical properties of the tread, influence the tyre
wear rate. Mitigation measures may target an increase in stiffness ratio between tread and carcass. For
instance, a wider tread and a low tread sea volume could result in decreased TRWP generation (Kllppel,
2014s6)). Wider tyres exert less pressure against the road surface and cause less abrasion, although this
is partially offset by the larger contact area with the road surface. In general, wider tyres are expected to
have slightly lower abrasion rates compared to narrow tyres (Pohrt, 2019;ss)).

Efforts are ongoing to improve the eco-design of tyres in line with microplastics mitigation. These generally
entail optimising design parameters to enhance resistance to abrasion, as well as replacing potentially
hazardous chemicals employed during production in order to minimise the toxicity of emitted TRWP.
Improvements in material design should not only respond to safety concerns but also ensure tyre durability
resulting in longer tyre life, potentially reducing the resource requirements for tyre production. Tyres are
designed to achieve a balance between safety and environmental performances, such as abrasion,
braking, wet grip, rolling resistance and noise. With current technologies, these performance
characteristics are variously antagonistic to each other. The development of innovative solutions in tyre
design will be required in order to see significant reductions in the rate of tyre wear whilst preserving high

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021



76|

standards in other performance areas. Policy interventions could be considered to incentivise or mandate
the development of low abrasion tyre tread materials (see Chapter 4).

Tyre type and dimension are usually selected according to the vehicle type. Global car markets have
witnessed a trend towards larger and wider tyres (which are generally in line with lower tyre tread wear),
yet this came with concurrent increases in the average vehicle weight and power (which generally lead to
higher tyre wear) (Li, 2018;57)). As the share of e-mobility in the vehicle fleet is expected to increase in the
near future, tyre design may be adapted to minimise tyre wear. Certain recent innovations aim to reduce
rolling resistance and increasing the vehicle mileage in order to reduce overall tyre tread wear (Continental,
2019ss1). The use of airless tyres, which cannot be operated with incorrect pressure conditions (see Section
3.3.2), may also contribute to reducing emissions in the future.

Optimisation of road design and road surface characteristics

The design of road infrastructure and the characteristics of traffic impact tyre wear by influencing the
conditions in which vehicles are operated. Road design characteristics (e.g. curves, hills) can be optimised
so as to mitigate TRWP generation. For instance, tyre wear abrasion that occurs at curves may be reduced
by increasing the roadway inclination in curves (Kluppel, 2014s6]). Another influencing factor is the extent
to which road features lead to frequent and large speed changes, for instance due to the presence of traffic
lights (Andersson-Skold et al., 2020s3)). Further, the choice of road markings (and of the application
method) can also mitigate the rate of wear (Andersson-Skold et al., 2020s3;). Not only different types of
road markings are wear-resistant to different degrees, but they also may directly contribute to microplastics
pollution. Lastly, as damaged road pavements may lead to higher tyre wear, adequate road surface
maintenance could substantially contribute to TRWP mitigation. Key stakeholders involved in the partial or
full implementation of optimised road pavement and infrastructure characteristics are road authorities and
municipalities as well as the construction industry.

The structure of the road pavement also affects tyre and road wear. Coarser textures are expected to
cause higher road wear compared to smoother surfaces and asphalt roads generally cause a lower wear
rate than concrete pavements (Pant and Harrison, 2013sq). The roughness of the pavement micro-texture
is the main driver of wear in the road surface, while the macro-texture has a minor influence (Andersson-
Skold et al., 2020553)). In general, there is a trade-off between improved resistance to road wear and safety:
the micro-texture may be adapted to reduce tyre wear, however this might lead to reduced friction and
thereby safety.

Several studies are ongoing to address this conflict and test innovative pavements optimised for lower tyre
and road wear. For example, the Danish Road Directorate has been working on developing a road
pavement that reduces the rolling resistance between vehicles and road pavements, to explore solutions
to reduce road transport GHG emissions. Tested pavements have shown a reduction in rolling resistance,
resulting in reduced fuel consumption, without significant compromises on safety requirements and
durability (Pettinari, Lund-Jensen and Schmidt, 2016s0;).

Although the implementation of such road pavements is associated with higher costs, it also leads to a
lower noise level and it may benefit from higher acceptability by municipalities, road authorities and the
public (Pettinari, Lund-densen and Schmidt, 2016s0;). This technology is not yet state-of-the-art and further
research and development is needed, in particular to improve durability, before implementation will be
possible. Once innovative road pavements are available, it may be advisable to apply these in areas with
particularly high tyre wear abrasion rates, for instance on congested roads or on high-speed motorways.
For the time being, given the well-known relationship between the state of road surfaces and rolling
resistance, adequate road maintenance to preserve smooth and even surfaces can be an effective strategy
to reduce the production of TRWP (ETRMA, 2018s1)).
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Reductions in vehicle weight

As vehicle weight increases, so does the frictional force between tyres and road surfaces and therefore
the generation of TRWP. Yet, trends in the composition of the vehicle fleet show a tendency towards a
higher proportion of larger and heavier vehicles (Andersson-Skold et al., 2020s3)). Additionally, electric
vehicles also tend to be heavier than their traditional counterparts, mainly due to the weight of batteries
(Timmers and Achten, 20162)). As a result, total emissions of TRWP are projected to increase at a higher
rate than the increase in traffic (Andersson-Skold et al., 2020;s3;). The higher torque (rotational force) of
electric cars compared to their traditional counterparts may also lead to increased tyre wear during
acceleration (Soret, Guevara and Baldasano, 2014s3)).

Reductions in vehicle weight may be achieved by the application of advanced lightweight materials in cars
(Serrenho, Norman and Allwood, 2017 s4). Aluminium alloys are commonly used as replacement materials,
as they provide similar performance properties as steel with lower weight (Hirsch, 2011s)). However, these
advanced materials generally require a greater amount of energy to manufacture and recycle and further
research and development is required to enable their larger uptake in vehicle production (Raabe, Tasan
and Olivetti, 2019e6]). More broadly, measures aimed at encouraging or incentivising the uptake of lighter
vehicles as well as reducing overall volumes of road traffic (as discussed in Section 3.2.2) may significantly
contribute to reductions in air pollution and in GHG emissions, while also generating co-benefits in terms
of TRWP pollution mitigation (see Chapter 4 for a discussion of relevant policy instruments).

3.3.2. Tyre use stage

Mitigation actions implementable during the use phase include the optimisation of vehicle operation
parameters such as tyre pressure, wheel alignment, vehicle load, vehicle speed, driving conditions, driving
behaviour and reductions in total transport volumes (Table 3.6). The advantages and disadvantages of
each mitigation action are discussed below. Importantly, several mitigation best practices and technologies
implementable during the use phase generate numerous synergies with other relevant benefits and
environmental policy objectives.

Table 3.6. Overview of mitigation actions relevant for TRWP and implementable during the use
phase of tyres

Mitigation action
Ensuring correct tyre

Description
Since low or incorrect inflation pressure leads

Advantages (+) and Disadvantages (-)
+ Easy to implement: simple regular pressure check and no

Optimising vehicle maintenance

Eco-driving

pressure and/or

to greater tyre wear (Salminen, 20147; Wang

additional infrastructure required

implementing et al., 2016psj; Li et al., 201159]), ensuring + Potentially high impact
technologies to monitor ~ adequate tyre pressure can limit TRWP + Policy action already underway (e.g. requirements for
it on vehicles generation. Automatized monitoring systems pressure monitoring systems in the EU) (EC, 2010prq)).

Ensuring correct wheel
alignment

Reducing vehicle
speed

for tyre pressure may help to ensure optimal
pressure conditions.

Incorrect wheel alignment leads to higher tyre
tread abrasion (and fuel consumption). Thus,
regular and/or stricter checks on the alignment
of vehicle wheels can mitigate TRWP
generation.

The emission of TRWPs increases with speed.
Speed determines the level of mechanical
stress in the tyre material and thus directly
influences the degree of tyre wear
(Gustafsson et al., 2009+j; Li et al., 2011;s9y;
Wang et al., 20165s7). Thus, measures aimed
at reducing vehicle speed, such as the
introduction and enforcement of speed limits,
can mitigate TRWP generation.

+ Improved fuel efficiency

+ Potentially high impact

+ Low costs (no additional infrastructure required)

+ Improves fuel efficiency

- Requires regular vehicle inspections

- Impact also depends on correct tyre pressure

+ High impact

+ Low costs (no additional infrastructure needed)

+ Co-benefits with increased safety, lower fuel consumption
and lower air pollution

- Necessary measures require public acceptability

- Policy measures require greater enforcement efforts
- Potentially longer travel times
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Mitigation action Description Advantages (+) and Disadvantages (-)
Adapting driving Aggressive driving styles, rapid deceleration + High impact
behaviour and complete stops generate considerable + Co-benefits with lower fuel consumption, lower air
amounts of TRWP compared to gradual pollution, increased safety and reduced noise levels
acceleration and deceleration. Hence, a - High implementation barriers

higher uptake of eco-driving practices,
including with the aid of advanced driver-
assistance systems, can mitigate TRWP

generation.

Reducing traffic Reductions in vehicle traffic via policy + Potentially high impact

volumes disincentives and/or the provision of + Lower air pollution
alternative transport infrastructure can reduce - Apsent compensating measures, policy disincentives may
the overall quantities of TRWP generated. generate distributional effects

- Long implementation timeframe
- Additional infrastructure potentially needed

Reducing traffic

Source: (Verschoor and de Valk, 201772;; Andersson-Skdld et al., 2020;s3; OECD, 202054))

Optimising vehicle maintenance: tyre pressure and wheel alignment

Maintaining optimal pressure in vehicle tyres throughout their use can optimise performance as well as
minimise TRWP generation. If the tyre pressure is too low, internal heat generation occurs, which increases
wear (Li et al., 20119]). Over-inflation, on the other hand, leads to uneven tyre tread wear, which can
reduce the lifespan of a tyre. In OECD countries, the share of the vehicle fleet operating with suboptimal
tyre pressure could be significant. For instance, it was calculated that in Sweden one in seven cars has at
least one tyre with an air pressure which is 30% too low, causing higher tyre wear (Andersson-Skéld et al.,
202053)).

Tyre pressure monitoring systems (TPMS) have been introduced on passenger cars in several OECD
countries and provide one technological solution to the problem. These are electronic systems designed
to monitor tyre pressure and to report real-time information to drivers when the tyre requires to be inflated.
Verschoor and de Valk (201772;) estimated that equipping all Dutch cars with a TPMS would lead to a 14%
reduction in tyre wear. Since 2014, newly registered cars in the EU are fitted with TPMSs (EC, 201070j).
Still, as regular pressure tests are not always performed, older vehicles registered in the EU before
November 2014 may operate under non-optimal tyre pressure conditions. Where measures for TPMS have
been introduced, it is expected that the number of cars operating with sub-optimal tyre pressure will
decrease as older cars without pressure monitoring system are removed from the market.

Incorrect wheel alignment may increase tyre wear rates by up to 10% (Verschoor and de Valk, 20177z).
The share of the vehicle fleet operating with incorrect wheel alignment can also be significant: in Germany,
for instance, 15% of vehicles operate with incorrect wheel alignment (Kraftfahrtbundesamt, 201973)). Tests
on wheel alignment are generally done during the change of tyres, e.g. from summer to winter tyres. In
countries or regions where seasonal changes of tyres are not required, alignment checks occur less
frequently. Yet, regular testing and wheel realignment is a relevant option that can increase the lifetime of
tyres (without adaptation of infrastructure) and also reduce tyre wear.

Eco-driving and traffic flow management: vehicle speed and driving behaviour

Driving behaviour is one major parameter influencing the tyre wear rate. Higher speeds, fast acceleration
and fast retardation and high cornering speeds in particular are associated with increased tyre wear (Pohrt,
2019s51). Changes of direction, congestion and high-speed roads are also generally associated with higher
TRWP generation (Andersson-Skdld et al., 2020;s3)).

Significant reductions in TRWP can be achieved by encouraging drivers to adopt eco-driving practices, i.e.
maintaining lower and constant speeds. Since tyre wear rate increases by a factor of four relative to
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increases in speed, speed reductions hold a high mitigation potential (Pohrt, 2019s5)). Examples of specific
measures include the introduction and effective enforcement of local speed limits of cornering roads as
well as of motorways, measures to improve driver awareness, the use of advanced driver-assistance
systems, such as cruise control and adaptive distance control and general traffic management measures.

Speed reduction will be relevant either to reduce or better enforce existing speed limits or to introduce
(nationwide or local) measures where these are not present (e.g. in Germany). Implementation costs would
be relatively low as only limited infrastructure would be required, however public acceptability is likely to
be the main implementation barrier to the introduction or adaptation of speed limits. For this reason, it will
be important to share with the public and policymakers scientific evidence on the adverse consequences
of speeding in terms of potential safety and on the environmental gains which can be achieved via speed
limits.

Although measures aimed at reducing speeds are primarily driven by safety concerns, a reduction of tyre
wear rates can be achieved as a co-benefit, for instance as a result of smoother driving with continuous
traffic flow instead of stop-and-go traffic. These measures also generate significant synergies with
environmental objectives, such as reduced fuel consumption and lower emissions of CO2 and air pollutants
(e.g. NOx and particulate matter). The adoption of eco-driving practices and smart road management can
reduce fuel consumption up to an average of 6.3%, with consequent reductions in CO2 emissions (Wang
and Boggio-Marzet, 2018741). Further evidence is required in order to quantify potential reductions in tyre
wear emissions achievable via improved driver awareness and traffic management.

Reducing transport volumes

Several options exist to mitigate TRWP emissions via overall reductions in traffic volumes. These are not
unique to TRWP generation, rather have been discussed extensively in order to respond to needs to
mitigate GHG emissions and air and noise pollution, limit sealed surfaces in urban areas in order to allow
rainwater to seep away and prevent floods, decrease the amount of urban space occupied by road traffic
and reduce congestion.

In order to decrease transport volumes, overall higher accessibility can be delivered by increasing the role
of transport modes such as public transport, cycling and walking (which generate less TRWP per capita);
ultimately increasing TRWP mitigation potential while also improving other well-being (e.g. health, equity)
goals (OECD, 2019p7s)). The promotion of modal shifts requires adequate infrastructural investments for
sustainable transport modes, for instance via the construction of advanced railroad systems to increase
ridership and capacity of public transportation systems. Urban areas can also be designed in compact
ways so as to reduce dependence on private vehicle travel. In general, creating proximity between people
and places is key to avoiding unnecessary trips or unnecessarily long distances and to increasing the
scope for active and public transport (OECD, 20197s5)).

A reduction in total traffic and total mobility should be considered a long-term goal that requires parallel
adaptations of transportation systems and urban forms. Notable drawbacks of traffic reduction measures
include the need for public acceptability as well as potentially high implementation costs and the potential
for distributional effects. Again, these can be greatly reduced if policy and investments are refocused on
the enhancement of accessibility. To the extent that traffic reduction also reduces local air pollutants and
GHG emissions, policies that seek to reduce TRWP via a reduction in vehicle-kilometres travelled also
have environmental health and climate mitigation co-benefits. Furthermore, by incentivising active travel
and enhancing accessibility, particularly for vulnerable population, policies that generate “avoid” and “shift”
effects can also bring additional health benefits as well as contribute to more equitable access to services
and opportunities (OECD, 201975)).

A number of cities around the world have implemented traffic reduction schemes aimed at improving air
quality, quality of life and safety. For example, Strasbourg, Nurnberg, Copenhagen, Vienna and Ghent
have successfully implemented traffic calming measures (EC, 20047¢]). Other options may include the re-
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allocation and re-design of streets, parking and road pricing, expansions and upgrades of public transport
and active mode services, or incentives for the uptake of shared services. Such measures usually reduce
vehicle traffic while promoting other modes of transport as cycling and public transport (Titos et al.,
2015r771). Although these measures are not typically implemented in order to mitigate microplastics,
reductions in TRWP will occur as a co-benefit.

3.3.3. Tyre end-of-life stage

As discussed in Chapter 2, End-of-Life Tyres are commonly employed in material recovery applications,
including for the production of rubber granulate used as infill in artificial sport pitches or in moulded surfaces
used in playgrounds and outdoor facilities. The use of rubber granulate as infill material for sport pitches
offers improved durability and resistance to varying weather conditions, good shock absorbance and safety
characteristics, low costs and a lower need for virgin materials (Magnusson et al., 2016(7s)). Yet, several
studies have indicated that sport pitches may constitute a significant source of microplastics pollution (see
Section 2.3.2).6

Guidelines have been developed to support the prevention of rubber granulate leakage in the design and
operation of artificial turf pitches (Fidra, 20209); EURIC, 2020s0;; CEN/TR, 2020;s1;). Selected options,
presented in Table 3.7, include several low-cost, high-potential mitigation actions. Examples include the
installation of infrastructure which prevents the emission of rubber granulate particles (e.g. side paved
areas around the pitch, cattle grids and brushing stations located near the pitch entrance, drainage and
filtration systems for runoff) and the routine maintenance of the pitch (EuRIC, 2020;s0;; Eunomia, 2018;s2)).
The lack of awareness among owners and operators as well as the lack of regulatory or financial incentives
may be posing barriers to a larger uptake of the identified mitigation best practices and technologies.

Table 3.7. Overview of best practices and technologies for the prevention of microplastics leakage
during the operation of artificial sports pitches

Best practices and Description Advantages (+) and Disadvantages (-)
technologies
Design and installation
Optimisation of pitch Installation of solid side pavement around the pitch, from  + Potentially high impact
layout which scattered infill material can be easily collected. - Requires infrastructural changes

- Mostly relevant for new pitches

- Requires additional infrastructure
+ Synergy effects with safety e.g. sport equipment may
not fly outside the pitch

Installation of physical
barriers around the
pitch with a board at
the bottom

Physical barriers (e.g. fences, side perimeters) have
proved successfully at preventing particles leaving the
pitch.

Installation of brushing
stations for players’
shoes and of boot
cleaning mats/grates at
pitch entrance points

Regular brushing and
drag matting

Installation of drainage
slit traps

Separate collection and
treatment of surface
water

The installation of brushing stations at the exit of the pitch
can enable the cleaning of shoes and prevent the
material from being carried away outside the pitch. The
use of grates and/or scraper mats can also help with the
removal of rubber granulate from players’ shoes.

Maintenance

Regular brushing and drag matting of the field ensures
that the dispersed infill is returned to the field

Drainage water is collected and treated before discharge.
This can be achieved via the use of traps for granulates.

Surface water runoff is collected separately from
drainage water. It can be treated to collect particulate
materials

+ Low-cost structural adaptations of existing pitches
+ Potentially high impact
+ Can easily be retrofitted on existing pitches

+ Required to ensure pitch performance and player safety
+ Brushing also minimises compaction (and the need for
additional rubber infill)

+ Extends lifetime of the pitch

+ Potentially high impact

- Can be retrofitted

- Requires continued maintenance in order to be effective
+ Potentially high impact

- Requires additional infrastructure

- Mostly relevant for future pitches
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Best practices and
technologies

Description

Advantages (+) and Disadvantages (-)

Snow clearance: use of
dedicated storage
areas or piling on the

Removed snow should be stored in dedicated areas that
allow for the collection of the infill once the snow melts.
Where this is not possible, snow can be piled on

pitch (potentially winter-lined) pitches, so that microplastics
mixed with snow are not dispersed.

+ Simple adaptation of the pitch operation

+ Prevents a deterioration in the pitch infill

+ High impact where snowfall is significant

- Requires space for snow storage (or the temporary
reduction in the pitch size).

Source: (EuRIC, 20200;; CEN/TR, 20205s1)

3.3.4. Comparison of mitigation options for tyre-based microplastics

Potential mitigation best practices and technologies for tyre-based microplastics are evaluated in Table 3.8
according to three criteria: mitigation potential, implementation efforts required and costs and the societal
impact. In general, progress in tyre and pavement design in line with lower wear rates offers a high
mitigation potential, although the development of optimised tyres and road pavements without
compromises in safety, noise and durability may take some time. During the use phase, reduced vehicle
speed, adapted driving behaviour and adequate maintenance of vehicle and tyres also have a high TRWP
reduction potential. At the same time, since complete prevention of TRWP generation and emission cannot
be achieved by optimized materials, end-of-pipe options may be important solutions to retain the emitted
TRWP before these enter the environment. There, case-by-case designs may be required for the
installation or adaptation of stormwater and road runoff treatment options, as discussed in Section 3.4.2.

Table 3.8. Assessment of mitigation best practices and technologies according to selected criteria

Values are assigned based on the three criteria: mitigation potential, implementation efforts
required and costs, and the societal impact. The table is colour coded from red (higher barriers to
implementation) to green (easier implementation and higher mitigation potential).

Mitigation potential Implementation efforts Societal impact Stakeholders
required and costs
Optimisation of tyre design High Medium-High Medium-Low Tyre and car manufacturing
industries
Optimisation of road design High Medium-High Medium-Low Public authorities, municipalities,
road infrastructure developers
Reductions in vehicle weight Medium-High Medium Medium-High Car manufacturing industry,
consumers, state
Tyre pressure optimisation Medium-High Low Medium Car and tyre manufacturing
industries, consumers, public
authorities
Wheel alignment Medium Low Medium Consumers, public authorities
optimisation
Eco-driving and traffic flow High Medium High Consumers, public authorities
management
Reductions in total transport Very High Medium-High High Public authorities, municipalities,
volumes regional transport authorities,
consumers
Direct particle collection and Medium Medium Low Communities, industry
street sweeping
Improved stormwater Very High Medium-High Low Public authorities, municipalities
management and treatment
Artificial turf pitch operation Medium-High Medium-Low Low Pitch operators, customers,

municipalities

Note: End-of-pipe mitigation options relevant for TRWP are discussed in Section 3.4

Source: Authors’ own evaluation based on (Andersson-Skdld et al., 2020(s3;; Eunomia, 2018s2))
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3.4. End-of-pipe mitigation technologies and best practices

End-of-pipe options, such as (potentially separate) wastewater and stormwater collection and treatment,
constitute a last barrier to pollutants present in contaminated water sources and play a critical role in
preserving water quality. The performance of end-of-pipe technologies in removing microplastics is only of
recent interest and not yet fully understood. Existing treatment processes for wastewaters generally retain
the majority of microplastics initially in the wastewater effluents. However, in an attempt to improve their
overall performance in retaining a range of water pollutants (including microplastics), there is interest to
explore ways to enhance the treatment efficiency further. Additionally, substantial quantities of
microplastics enter the environment via diffuse pathways (i.e. dry and wet deposition, road and stormwater
runoff). In this sense, end-of-pipe options such as improved stormwater management, generally driven by
the need to manage increased runoff rates caused by urbanisation, can also contribute to the preservation
of water quality.

The next sections explore existing facilities and technologies that can be adopted to enhance the capture
of microplastics carried in domestic and industrial wastewaters (Section 3.4.1) and in road dust and
stormwater runoff (Section 3.4.2).

3.4.1. Wastewater treatment and sewage sludge management

Treating municipal wastewaters in a wastewater treatment plant (WWTP) is the norm in OECD countries.
WWTPs purify used water resources from pollutants originating from human activities and rainwater runoff
before these are reintroduced into the water cycle, preventing the spread of pollutants and bacteria
hazardous to human health and the environment.

Each WWTP involves selected combinations of chemical, physical and biological processes taking place
simultaneously or interacting, in order to achieve a final effluent which is in line with existing regulations
for water reuse or release into the environment. Depending on the stringency of the regulations in place
and other location-specific characteristics (e.g. availability of space, capacity of treatment, types and
concentrations of pollutants and features of the receiving water body such as the dilution capacity and
sensitive uses), WWTP may be designed to have unique combinations of preliminary, primary, secondary
and tertiary (and potentially additional) treatment stages. When required, old WWTPs are retrofitted (via
the addition and/or replacement of some treatment units) to enable compliance with more stringent
standards.

Although several knowledge gaps remain (Box 3.1), some indicative conclusions can be drawn from
available data on the fate of microplastics during WWT. Table 3.9 describes the main objectives to be
attained during each stage of the treatment process in a conventional setup and outlines the expected
microplastics stage removal rate. Conventional WWTPs can achieve microplastics retention rates of 80-
95% (by number), likely mostly attained in preliminary and primary treatment steps (e.g. screening, removal
of grit and grease).” WWTPs with tertiary treatment® show only marginal higher efficiency at retaining
microplastics compared to plants with only secondary treatment, although this might vary depending on
the specific technologies in place (Talvitie, 2018s3;; Nikiema, Mateo-Sagasta and Saad, 2019s4]). The
effectiveness of the process in terms of microplastics removal seems to be more affected by the size rather
than type of the particle, with smaller particles being more difficult to remove (Lv et al., 2019ss;; Talvitie
et al., 2017sq)).
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Table 3.9. Conventional treatment of wastewater: objectives, performance in terms of microplastics
removal and costs

Preliminary Primary Secondary Tertiary/Advanced Disinfection
Objective Removal of Removal of floatables, Removal of biodegradable = Removal of Deactivation of
coarse grit, grease, some organic matter and contaminants (e.g. pathogens (e.g. bacteria
particles suspended solid matter, suspended solids nitrogen) affecting the  and viruses)
heavy metals and other quality or a specific
pollutants. use of water
Typical Screening to remove large items Activated sludge + Biological aerated Contact with chlorine,
processes Grit removal secondary sedimentation, filter (BAF) 0zone, or ultraviolet
employed Skimming of grease Oxidation ditch Rapid sand filter radiation
Coagulation and flocculation Anaerobic/Anoxic/Oxic Filtering disks
Primary sedimentation process
Flotation Membrane bioreactors
Performance
For Debris and o BOD: 20-30% BOD and TSS: typically o Nitrogen: 90% Typically over 99%
conventional floatable o Suspended solids: 85%-95% removal e Other pollutants,
pollutants materials 60%-98% including heavy
(dependingon o Phosphorus: 60-95% metals (depending
design target) o Heavy metals (varies on design target)
depending on design
target)
For MPs: 42 - 82% 16 - 98% [-293%1-99.7%] = 79 - 99.9% [54 - 84%] 79-99.9% [< 1%]
cumulative
[per stage]
removal rate
Fate of Negligible Highest removal achieved = Some removal is achieved =~ Could remove fine Variable, it could cause
microfibres removal during this stage, at this stage, but exact microfibres physical and chemical
through: removal mechanisms are alteration of
o Skimming for light uncertain. microplastics
microplastics
o Filtration and gravity
settling processes for
heavier microplastics.
Fate of micro Negligible Removed by Trapped in flocs and Small particles are Variable. Could cause
fragments removal sedimentation removed during the well removed by physical and chemical
secondary sedimentation filtration alteration of
microplastics
Costs
Investment & Sewer and secondary treatment plant (in the US): Sewer and tertiary treatment plant (in the US):
operational Average investment and O&M costs are 3,308 and 437 USD Average investment and O&M costs are 57,534 and 6,168
costs (US per m3/d, respectively (2017) USD per m3/d, respectively (2017).
example)

Notes: m®/d stands for cubic meters treated per day

1: Some WWTP do not involve secondary sedimentation (i.e. the clarification done after a secondary bioreactor) to enable the removal of the
microplastics from the effluents. With sludge recirculation, microplastics concentrations actually increase in the treatment unit. In those cases,
removal would be done in a tertiary filtration unit.

Source: Adapted from (Nikiema et al., 2020s7)

Box 3.1. Data limitations for assessing the microplastics removal rate of WWT processes

Associating a certain microplastics removal rate to specific parameters, such as the type of treatment
process employed, can be challenging. This is for several reasons, including:

e The quality and availability of the data. There are concerns related to the quality of some
available data on microplastics’ removal in WWTPs. The majority of available studies build on
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one-time measures and replications are scarce. This is an issue since there could be a wide
temporal and spatial variation in influent and effluent wastewater quality from one or different
countries and studies.

e The lack of standardised methods. The lack of consistency in analytical protocols for sampling,
processing and analysis limits the comparability of available studies. This poses challenges to
the accurate identification of factors and treatment stages which influence the microplastics
removal rate (Weis, 2020iss]). There is an important need to develop methods for the sampling
and analysis of TRWP in wastewaters, for which very little information is available and no
studies have been carried out so far (Andersson-Skold et al., 2020s3;; Baensch-Baltruschat
et al., 2020s9)).

e The general complexity of the issue. During wastewater treatment, numerous interactions may
occur between various chemical and physical processes, microorganisms and other factors.
These could impair or otherwise support the removal of microplastics by modifying the surface
of microplastics or causing their further breakdown into smaller particles that are more difficult
to remove (Lv et al., 2019ss;; Ruan et al., 201990); Nikiema et al., 2020;s7)).

Note: Harmonization and standardization of analytical techniques is required, including for the mesh size used for sampling, which defines
the lower size limit for microplastics’ detection. This is further discussed in Chapters 4 and 5.

Opportunities to improve existing municipal WWTPs in OECD countries

In OECD countries, the infrastructure in place can be considered largely effective at preventing the release
of microplastics present in the wastewater influent to surface waters. Table 3.10 presents selected cases
to illustrate how primary, secondary and tertiary treatment stages influence the microplastic removal rate
in a number of OECD countries (and China). As illustrated, conventional secondary treatment systems
remove between 86% and 99.8%" of microplastics in raw wastewater.

According to Murphy et al. (2016(91]), the highest microplastic removal is achieved during skimming
(especially for lighter microplastics), while other authors (see for instance (Talvitie et al., 201792;; WHO,
201993))) also emphasize the important role played by filtration or gravity settling processes for the removal
of heavier microplastics. The overall performance in terms of microplastics removal is mainly determined
by the removal performance achieved during the primary treatment stage.

Table 3.10. Microplastics removal in selected cases with primary, secondary and tertiary treatment

Treatment variant Country MP removal Inlet conc. Notes References
per stage [cumulative] (MP /L)
Screening, grit removal, = United 78% m - (Mason et al.,
skimming and primary States 2016947)
sedimentation
<=  Screening, gritremoval, = France 80.6% 1,737 No chemicals used *
:‘E_" primary sedimentation
E_S Screening, gritremoval, = Finland 82% m 567.8 (Talvitie et al.,
z pre-aeration and 20171s5))
£ sedimentation 99% 576 (Lares et al.,
(EE 201895))
Screening, aerated grit ~ China 21-30% 0.28 Micro fragments and microfibres (Lvetal,
removal chamber represent 65% and 21% of inflow 2019s5))

microplastics, respectively
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Treatment variant Country MP removal Inlet conc. Notes References
per stage [cumulative] (MP/L)

Membrane Bioreactor Spain 79.1% 440 £1.01 Influent and effluent have 48.1% and (Bayo, Lépez
(MBR) Microfibres: 57.7% 96.7% microfibres, respectively and Olmos,
Micro fragments: 98.8% 2020195))
Finland 99.4% 0.6 (Lares et al.,
Microfibres: 99.1% 201805))

Micro fragments: 89.9%
Activated sludge 2 88% 1.7 This study analysed micro litter ~ (Talvitie et al.,
2017(92))
~75% 14.2 Influent and effluent have 4.7% and = (Talvitie et al.,
Microfibres: 1%  (microfibres) 16.7% microfibres, respectively 20157)

Micro fragments: 76.4%  290.7 (other

s (mix) ~ microplastic
£ 9

= Around -66% [98%] 0.6 The amount of microplastics increases (Lares et al.,

= in the process 2018y05))

% Turkey [74%)] 26,555 WWTP treats domestic wastewater (Glindogdu

§ only. Average MP sizes in influentand et al., 20189g))

effluent are 1.57 mmand 1.15 mm.

China 77.5% [86.9%] 1.2 (Ruanetal.,

20190)

Oxidation ditch3 95% [96%)] 0.22 (Lvetal,

A20 process * 17% [-293%] 1.32 2019gs)

7 WWTPs [90.5%] [6.55] (Long et al.,

2019p9))

Activated sludge France 85.2% [97.1%)] 337 *
Biofiltration 72.1% [92.7%) 43

Membrane filtration China 95% [79%] 1.1 Inlet conc. is 4.70 mg/L and outlet (Lvetal,

conc. is 0.03 mg/L. Removal rate is 2019s5))

99.7% ™.

=  BAF process Finland Up 10 53.8% [99.9%] 1.4 (varying Average concentration in the effluent ~ (Talvitie et al.,

2 between 1 of 2.5 MP/L (0.7 - 3.5 MPLL) 2017192
3 and 2)

- 85% [98.6 - 98.9%] 13.8 4.9 MPIL (for microfibres) = (Talvitie et al.,

3] Microfibres: 64%  (microfibres) 8.6 MPIL (for microplastics) 2015(97))
s Micro fragments: 87.5%  68.6 (other
< (mix) MPs)

£  Rapid sand filter Spain 755%  4.40+1.01, Outflow contains 1.08 + 0.28 MPIL, (Bayo, Lépez

2 Microfibres: 53.8% with 48.1% with 90.8% microfibres and Olmos,

Micro fragments: 95.5% ~ microfibres 2020;95))

Rapid Sand filter France -58.3% [90.2%] 12 Increase in MP concentrations *

Filtering disks 68.8% [97.1%] 16 Outflow contains 5 MP / L *

Notes: The indicated level of performance depends on the whole process train in place, as each step has an impact on the removal of the next
one, the final removal being accumulative. Performance also depends on some important design characteristics (e.g. pore size).

The removal efficiency can be obtained on a percent mass basis (indicated by ™) or on a percent number basis ("). The latter is employed
throughout except where otherwise specified.

* Marks information gathered during the expert meeting “OECD Workshop on Microplastics from Synthetic Textiles in the Environment:
Knowledge, Mitigation and Policy”, held on 11 February 2020.

1: In the case of MBR, secondary and tertiary treatments are achieved in a single stage process.

2: In the case of activated sludge, secondary and tertiary treatments can be achieved in a single stage process (e.g. for low-loaded activated
sludge plants).

3: This process is a variant of the conventional activated sludge treatment process. It relies on long solids retention times for the treatment.

4: This process is a variant of the conventional activated sludge treatment process. The biological reactor comprises of three separate section
operating under anaerobic, anoxic and aerobic conditions

Source: Adapted from (Nikiema et al., 2020s7)
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In response to more stringent regulations on water quality, several countries have seen WWTPs being
retrofitted with additional treatment units in recent years. Although these advancements primarily aim to
ensure that nutrient or heavy metal levels in treated effluents are within water quality standards, they may
offer potential co-benefits with higher cumulative MP retention efficiencies. Given the large volumes of
wastewaters treated and the possible high quantities of microplastics entering the environment via the
wastewater pathway, there is scope for exploring the effectiveness of available technologies in removing
microplastics to potentially inform the design of end-of-pipe capture solutions for microplastics and other
micropollutants contained in wastewaters (Talvitie et al., 2017sg)).

Different tertiary technologies may offer varying microplastics mitigation potential. If processes such as
Biological aerated filter (BAF) and Rapid sand filters yield inconsistent or limited results for microplastics
removal (Bayo, Lopez and Olmos, 2020p6;; OECD, 2020p1007), filtering disks, dissolved air flotation and
membrane-based systems (i.e. membrane bioreactor (MBR); reverse osmosis (typically only employed for
specific reuse options); membrane filtration) offer the potential for effective treatment of both microplastics
and nutrients and heavy metals. With most tertiary treatment processes, there are issues reported with
risk of by-passing of microfibres, due to their longitudinal shape, hence resulting in their escaping into the
environment (Bayo, Lépez and Olmos, 202096)). The removal of microplastics through advanced filtration
may vary depending on the surface characteristics and size of microplastics: for instance, MBR has been
found to be particularly effective at retaining micro fragments and MPs < 1 mm, but less so for microfibres
and larger particles (Bayo, Lopez and Olmos, 2020); Lv etal., 2019;s5; Talvitie et al., 201597)).
Furthermore, membrane defects and fouling can negatively affect their performance.

Table 3.10 illustrated examples of the use of MBR technology for microplastic removal. Membrane
bioreactor (MBR) units are a well-established membrane-based technology among the most effective
treatment options for microplastics. MBR offers the benefit of combining biological treatment (secondary)
and membrane filtration (tertiary) in a single step. The membrane (1.0-0.01 ym) is selected based on its
effectiveness at removing targeted contaminants and its durability based on the operating conditions.
Currently, MBR is used for municipal or industrial wastewater treatment to enhance removal of nitrogen or
hardly biodegradable compounds. Membrane technologies are costly to implement and maintain and are
currently only employed where the objective is to enable water reuse in scarce areas, retrofit inefficient
plants, minimise effluents in small vulnerable water bodies, or where compact installations are required.
Typically, MBR is 38-53% more expensive and 25-50% more energy-intensive than use of conventional
activated sludge process (Bertanza et al., 2017101)).

Overall, risk assessments and cost-benefit analyses will need to be carried out in order to evaluate costs
against the advantages offered (e.g. removal of higher levels of suspended solids or nutrient).
Conventional wastewater secondary treatment processes, such as activated sludge, seem to be more
cost-effective to implement than tertiary treatment processes with regards to removal of microplastics.
Beyond this, knowledge remains limited and to some extent insufficient to derive conclusions on the best
technology to retain microplastics.

Industrial wastewater treatment

As discussed in Section 2.2.2, the textile industry is an important potential source of microfibres. Although
microplastics is not a targeted contaminant for removal during industrial wastewater treatment,” currently
employed technologies at industrial WWTPs, where in place, may be fairly effective at retaining
microplastics, with certain industrial WWTPs exhibiting microfibre removal efficiencies >85%.

Table 3.11 presents the treatment performance achieved by typical textile-based industrial WWTP in
China, the world’s largest producer of fabrics. In general, large microfibres are more easily removed than
small microfibres (i.e. < 50um) (Zhou, Zhou and Ma, 2020102). Air flotation appears to be a suitable
technology for removal of low-densities microfibres. However, removal of microfibres is mostly achieved in
membrane-based processes such as MBR or Reverse Osmosis (i.e. during Step 2 and Step 3,
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respectively). On the other hand, the several pigments found in the influent wastewater responded
differently to the wastewater treatment process and the reasons for this behaviour remain unclear (Xu
et al., 201821;; Zhou, Zhou and Ma, 2020;102)).

Table 3.11. Inlet effluent quality and treating performance of various elemental processes in
removal of microfibres

Plant Type of Influent o ]
capacity ~treatment concentration  Sjze (um) Details Preliminary Secondary Tertiary
(md/d) (microfibres/L) treatment treatment treatment
~400 ' Processes Conditioning MBR Reversg
implemented Osmosis
b i ~ Cumulative removal
500 Onsite 12,000 <ficioncy NA 74.4% 84.7%
Microfibre size N/A ~260 um ~225 um
~600 im;:);:?:z Conditioning Anaerobic/Oxic Air flotation
b i ~ Cumulative removal
2,000 Onsite 54,000 effconcy NA 96% 97 5%
Microfibre size N/A ~360 um ~350 um
~1,200 ' Processes Conditioning MBR Reversg
implemented Osmosis
4,000° Onsite ~1,200 Cumulative microfibre
removal efficiency N/A 44.3% 99.5%
Microfibre size N/A ~300 um ~450 um
~450 Processes Air flotation +
implemented Prima Ozone oxidation
treatmgn Oxidation ditch + activated
400,000 . carbon filter +
b Offsite? 13,600 rotary disk filter
Cumulative removal
efficiency N/A 90.7% 97.4%
Microfibre size N/A ~270 um ~260 pum
~600 Processes Denitrification
implemented Primary Anaerobic/ filter + Fenton
treatment Anoxic/Oxic oxidation + air
600,000 osite2 8,367 flotation
Cumulative removal ) o
efficiency N/A 80.9% 92.8%
Microfibre size N/A ~500 um ~250 um
80% were Processes = Screening + grit Aeration + Coagulation +
> 30 um, implemented separation + seconda sand filter +
with the primary sedimen tatri};n activated carbon
30,0002 Offsite3 33341244 majority sedimentation filter
eween - Cumulative individual] 7y, [769;] 84% [32%] 95°% [70%]
100 pm removal efficiency
and 1 mm

Notes: m®/d stands for cubic meters treated per day. N/A: not available.

1: Some onsite treatment has already been carried out for 50 textile mills
2: Some onsite treatment has already been carried out for 80 textile mills
3:95% in volume is coming from 33 printing and dyeing enterprises while the remaining 5% is domestic wastewater from residential areas.
Source: @ (Xu et al., 2018p1)); © (Zhou, Zhou and Ma, 2020(102))
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The range of contaminants typically targeted by WWT for industrial effluents from textile
manufacturing/dyeing plants is exemplified in Table 3.12. An improved understanding of the quantities and
fate of microfibres emitted during textile manufacturing processes is required in order to inform future
decisions on the optimisation of industrial wastewater treatment to retain microfibres emitted during the
manufacturing process. As industrial and commercial laundry facilities are also potential hotspots for
microfibres in OECD countries, ad-hoc wastewater treatment may also be an effective option to mitigate
microfibre pollution closer to the source of emission. For instance, a study conducted in Sweden found that
wastewater treatment adjacent to industrial laundries reduced microfibre concentrations by 65-97%
(Swedish EPA, 2018i103]). In general, whether further investments in WWTP upgrades are cost-effective
will vary depending on the types of contaminants emitted into industrial effluents and the local conditions
(e.g. the type of WWT infrastructure in place, other micropollutants present in sewage).

Table 3.12. Removal of other pollutants during treatment of industrial textile wastewater

Pollutant removal efficiency (%)
Inlet

Pollutant . Cumulative [individual process]
concentration , ,
Primary treatment Secondary treatment Tertiary treatment
Chroma 342.0 mg/L -82% 46% [70%] 85% [72%)]
Chemical oxygen demand 283.4 mg/L 36% 73% [58%) 91% [68%)
Ammonium nitrogen (NH3-N ) 3.9 mglL 28% 43% [20%] 68% [44%]
Suspended solids 207.8 mg/L 74% 93% [73%] 99% [84%)]
Total phosphorus 0.3 mg/lL 24% 49% [33%] 77% [56%)

Source: (Xu et al., 2018p1)

Management of sewage sludge

Sewage sludge is the by-product of wastewater treatment, i.e. the residual mixture of solids and water
retained from the influent wastewater. As microplastics are captured by the wastewater treatment process,
these are transferred into the sludge fraction. The situation varies according to the types of MPs present
in the influent and the type of WWT infrastructure. Typically, 69-99% in number of the microplastics initially
in the influent wastewater are transferred to the sludge fractions produced at different stages of the
wastewater treatment process (including the preliminary stages). It has been estimated that, in Swedish
WTTPs, only 40-60% of microplastics originally in the wastewater influent are transferred to the
anaerobically digested sludge, although it remains unclear to what extent treatment may lead to MP
degradation to a size not detectable by commonly employed analytical methods (Tumlin and Bertholds,
2020p1041). As illustrated in Table 3.13, microfibres typically represent 63-80% of microplastics in sludge,
but, especially when the WWTP also receives stormwater, other types of microplastics can also be present.

Wastewater sludge is most commonly incinerated or employed in agriculture as fertiliser. In several OECD
countries, land application of sludge plays a key role in enhancing soil health through enrichment with the
organic matter and nutrients. However, there are concerns that, in the long term, regular application of
large volumes of sludge may result in the pollution of soil with contaminants not targeted by sludge
treatment, including microplastics. Generally, sludge fractions undergo thickening and dewatering to
reduce the water content, and, when intended for land application, they also undergo stabilisation to reduce
the risks associated with pathogens and odours from biodegradation of organic matter. These processes
may cause melting or shearing in microplastics, but typically no effective removal of the particles.

Nutrient recovery is a promising option to recycle back nutrients into agriculture without potentially re-
applying hazardous organic and inorganic pollutants to land. Currently, only phosphorus recovery from
digested sludge is carried out in some places to recover dry struvite, which is used as a slow-release
fertilizer. This enables the recovery of 40% of the total phosphorus content, which corresponds to 90% of
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the soluble phosphate ion, although nitrogen and organic matter are not recovered (Koga, 201910s)).
Nutrient recovery options have a large commercial potential, however currently financial sustainability is
not always achieved (Koga, 2019105)).

In general, further research is required to assess the concentrations and hazards of microplastics in
sewage sludge and evaluate possible end-of-pipe mitigation options. For the time being, a low-cost
strategic way of approaching the issue may be to avoid land application for sludge fractions richer in MPs,
where the adequate infrastructure for incineration is present (taking account of potential GHG emissions
and other environmental impacts). Sludge microplastics contamination varies widely according to the
phase of the process from where it was obtained (Table 3.13). Given the majority of microplastics are
retained during the preliminary and primary stages, sludge generated during skimming or primary
sedimentation, for instance, will be richer in microplastics (typically 5-10 times) than sludge from biological
treatments (secondary sludge). Indeed, in most OECD countries the fate of these sludge fractions richer
in microplastics is generally incineration or landfilling. In order to evaluate further options for the
management of microplastics in wastewater sludge, further research is required to assess the fate of
microplastics during conditioning and treatment (e.g. in digesters) as well as to evaluate the potential risks
for terrestrial environments posed by sludge application on agricultural land.

Table 3.13. Composition of sludge based on its origin

Sludge generation (g

Orlg!n of sludge MP concenirations DW per L of treated ~ Share of microfibres Share of micro References
within a WWTP (count/g) fragments
wastewater)
Primary sludge only 14.9 (WW) Variable 65% 34% (Gies et al., 2018106))
Activated sludge only 4.4 (WW) 82% 10%
113 (DW) 0.075 47% - (Magpni et al.,
2019p107))
23.0 (DW) (Lv et al., 2019ss)
A20 sludge only 14.9 (WW) 0.99 8% with size > 300um (Lee and Kim,
240.3 (DW) - 33-57% 30-46% 2018y10g)
Sequential Batch 9.7 (WW) 0.76 24% with size > 300pum
Reactor sludge
Media based 13.2 (WW) 0.51 20% with size > 300pm.
biological process
MBR only 27.3 (DW) - (Lares et al., 2018y95))

Notes: DW: dry weight; WW: wet weight.
Source: Authors

3.4.2. Management and treatment of stormwater runoff and road dust

As discussed in Chapters 1 and 2, stormwater runoff collects pollutants originating from several sources,
including a range of microplastics deposited on roads and washed off by precipitation events. Although the
lack of data on the concentrations of microplastics in stormwater remains a challenge, stormwater runoff
is believed to be the major entry pathway into the environment for TRWP (Parker-Jurd et al., 2019109)).
Despite the knowledge gaps, several existing measures to manage stormwater can contribute to
minimising microplastics runoff into water bodies. Additionally, nature-based solutions (e.g. green roofs,
permeable surfaces) can avoid that rainwater and runoff further contaminate sewage.

In light of emerging evidence on the contribution of tyre and road wear to non-exhaust particulate emissions
and microplastics pollution, potential mitigation measures for airborne TRWP have also recently gained
policy attention (OECD, 2020s4)). Targeting pollutants present in air and road dust may prove to be a cost-
effective solution to prevent stormwater contamination with TRWP. Measures such as improving urban
cleaning services and installing and adequately maintaining meshes, booms or separators on drains to
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retain and remove microplastics can help reducing solids which would otherwise be carried away with the
water (Prata, 2018110q)).

The sections below discuss selected options to i) manage road dust and collect TRWP and other road
traffic-related pollutants and ii) manage and treat stormwater runoff.

Street sweeping and direct particle collection

Street sweeping can provide an effective end-of-pipe measure to collect coarse particles contained in road
dust, although the practice is less effective with fine dust (OECD, 2020s4]). Different techniques are
available, such as removal by air, vacuum, or mechanical action of a broom (Calvillo, Williams and Brooks,
20151111), which will deliver different levels of performance. The collected particulate material is transferred
and retained in the waste storage tank of the street sweeping machine. Although street sweeping does not
require additional infrastructure, the collected street dust requires safe disposal after collection.

Further research is required in order to allow for a reliable assessment of the effectiveness of road
sweeping at retaining TRWP (Andersson-Skold et al., 2020;s3). Current knowledge indicates that the
cleaning efficiency is likely to depend on the type of pavement, the type of sweeping machine and the
precipitation conditions. Available research has identified a number of best practices to optimise the
efficiency of street sweeping:

e Coordinating street sweeping with weather conditions to the pavement properties can increase its
effectiveness (Andersson-Skold et al., 2020;s3)). For instance, road sweeping prior to strong rain
events may remove TRWP before these are flushed away with the road runoff (ETRMA, 2018s1)).

e It may be more cost-efficient to prioritise street sweeping for high-traffic roads that are not equipped
with efficient runoff water collection systems. Also, street sweeping is less effective on porous
asphalt than on non-porous asphalt.

e Adapting the sweeping method to the weather and road conditions may also optimise the process.
For instance, tests from the city of Stuttgart have shown that using street cleaning machines in wet
mode (combining sweeping and water flushing) can provide a higher level of TRWP removal than
other systems (ETRMA, 2018s1). Conversely, with dry conditions, dry vacuum sweeping may be
most effective at retaining road dust particles.

Filter techniques also exist for the treatment of road runoff, such as gully pot filters and underground
sedimentation facilities (see next Section), which both generally bear small footprint requirements. In the
case of gully pots, which are already widely employed in several countries to retain sediment in road runoff
and minimise problems with sediment deposition downstream, available knowledge indicates that they can
offer a low-cost and effective solution to retain microplastics coming from road transport activity, yet they
require regular maintenance and cleaning in order to be effective (NIVA, 2018[112)). In general, further
research is required to assess the adequacy and effectiveness of different techniques at retaining TRWP
and other microplastics from road runoff. There are also efforts to develop technological solutions to
capture emitted particles directly at the point of emission from the vehicle tyre, although innovative
technologies still require further research, development and evaluation (Smithers, 2020;113).

Improving stormwater management and treatment

Stormwater runoff not intended to be directed to a municipal WWTP should generally be treated before
release into the environment for the removal of conventional pollutants such as heavy metals, oils and
other organic pollutants (including PAHSs), nutrients, pathogens and solids (Liu et al., 2019114;; Strassler
and Strellec, 1999115)). Several technologies can serve this purpose, including wetlands, retention and
detention ponds and infiltration systems. These can be found in urban and non-urban areas and are
designed to remove particulate material and, to some extent, dissolved contaminants.
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Table 3.14 presents the advantages, disadvantages, potential co-benefits and costs of common
stormwater treatment technologies discussed in this section. Although the purpose here is to evaluate
options that might be well-suited for microplastics removal, it is important to note that considerations on
the implementation of these solutions are generally driven by a diverse set of concerns that include water
quality preservation but also flood protection, climate change mitigation and adaptation, or habitat creation.

Table 3.14. Advantages, disadvantages, co-benefits and costs of selected stormwater treatment

technologies

Technology

Advantages

Disadvantages

Co-Benefits

Typical life-cycle cost
analysis and capital costs
(excluding land costs)

Retention and
detention
ponds

Infiltration
systems

Wetlands

Installed as runoff/
stormwater quantity
control structure,
especially with detention
ponds, reduces flooding
risks

Effective and efficient
settlement of particulates
due to long residence
time

Reduction of some
pollutants, especially with
retention ponds
Filtration removes some
pollutants

Water flow control

Low risk of mosquito
breeding and odour
problems due to low
residence time

Water capture and
storage

Supports a runoff flow
control strategy

Pollutant reduction
Hydrological and habitat
benefits

Human health benefits

Pond can be rendered
ineffective or damaged by
nuisance plants, erosion
and litter accumulation
Mosquito breeding

High space requirements

Not suitable where
groundwater is a primary
drinking water source
Not suitable where soils
are poorly permeable or
in high traffic areas (for
pavement systems)
Risk of high sediment
accumulation, clogging
and groundwater
contamination

High maintenance costs
Capture capacity is low
for trenches and wells

Mosquito breeding
Should be setup after a
retention ponds or other
systems facilitating
sediment control

Depending on location,
recreational purposes,
aesthetic and amenity
benefits.

Creation of new
habitats for wildlife
Development of aquatic
vegetation along the
shoreline

Concrete pavers save,
over 25 years, 0.17 kg of
carbon dioxide per m2 of
land via stormwater
reductions

Water capture to restore
or maintain hydrology

Increased wildlife habitat
Increased property
values

Recreational
opportunities

o Capital costs: USD 24.3 -

27.8 /m?

o Net present value: USD

26.7-41.1 Im? at year 25
and USD 27.8 - 47.4 /m?
at year 50 (Canadian
example)

o Capital costs per m2 are

20% lower than for
wetlands (US example)

o Capital cost: USD 49.8 -

62.0 /m?

o Net present value: USD

75.4 Im? at year 25 and
CAD 93.6 /m? at year 50.
(Canadian example)

o Capital costs per m2 are

1.5 to 4 times higher than
for wetlands (US
example)

o Capital costs average

USD 86 per m2 of
treatment capacity (US
example)

Notes: Original costs for retention ponds in Canada are: Investment cost: CAD 32.7 -37.5/m? Net present value: CAD 35.9-55.2 /m? at year 25
and CAD 37.4 - 63.7 /m? at year 50; Original costs for permeable concrete pavers in Canada are: Investment cost: CAD 67.0 - 83.3 /m? Net
present value: CAD 101.46/m?at year 25 and CAD 125.84/m? at year 50. Exchange rate applied is 1 CAD = 0.7437 USD. (Canadian Nursery Landscape
Association, 2017[11s])

Source: Adapted from (Nikiema et al., 2020s7));

Detention/retention ponds

Sedimentation ponds are artificial basins commonly employed in OECD countries to manage stormwater
runoff and remove particulate material via sedimentation processes. Two main types exist: detention and
retention ponds. In detention ponds, runoff is captured and detained for a period of time and then clean
water is released gradually, providing water quantity and peak flow regulation and limited water quality
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control. In retention ponds, the system maintains a permanent pool: the captured runoff water is retained
until it is released or replaced by the following runoff water. Retention systems can provide both quantity
and quality control for water runoff (Strassler and Strellec, 1999;115)).

Sedimentation ponds are considered as one of the most effective stormwater management installation for
removing particulate material and potentially microplastics, because the long residence time allows
particles to settle. Sedimentation ponds are designed to remove particles > 63 um with removal efficiencies
> 50% (Boogaard et al., 201711171). However, retention is expected to vary widely due to highly variable
particulate loads (NIVA, 2018112;). To ensure performance, the system requires regular removal and
appropriate disposal of retained sediments (Liu et al., 2019j11g)).

Infiltration systems

Infiltration systems are a sedimentation technique designed to aid water infiltrate into the ground, while the
soil, organic matter, or a membrane serves as filtering media to remove sediments from stormwater runoff.
Variants include:

e Infiltration basins, designed to drain their accumulated water within 3 days;

e Porous pavement systems made of porous asphalt or porous concrete, which typically reduce
runoff formation by 45% compared to a fully asphalted area; and

e Infiltration trenches or wells, which have limited capacity and thus are often used in combination
with detention or retention ponds.

These options have the merit of enriching groundwater, although adequate monitoring is required to ensure
that the process does not result in groundwater contamination. Infiliration systems are not appropriate in
all locations; for instance, sufficient levels of clay are needed in soil to allow the removal of dissolved
pollutants in the runoff water (Strassler and Strellec, 1999/115)). As the infiltration systems are prone to
clogging, it is crucial that accumulated sediments are removed from the pond bottom at least yearly and
that soil compaction is prevented. Pavement systems must undergo periodic vacuuming or jet-washing to
remove sediment from the pores and be protected from excessive equipment traffic.

Wetlands

Wetlands are a commonly employed nature-based solution for stormwater management and treatment
(Ziajahromi et al., 2020;119)). Wetlands are known for their ability to improve water quality via natural
processes involving wetland vegetation, soils and their associated microbial assemblages to filter water as
it passes through the system. Benefits of wetlands include removal of nutrients and pharmaceutical
residues and the prevention of unwanted releases of untreated water (Coalition Clean Baltic, 2017[120)).
For conventional contaminants, removal occurs primarily via degradation and uptake by microbes and
plants or their assimilation and absorption into organic and inorganic sediments.

Wetlands may prove effective at retaining microplastics present in stormwater, although research on the
topic is limited. Different wetland variants exist:

e Constructed wetlands (CWs) are engineered and managed wetland systems designed to mimic
natural wetlands. Available investigations of the performance of CWs in removing microplastics
reported removal efficiencies over 99.7% for microplastics with a size exceeding 20 ym (Coalition
Clean Baltic, 201711205; Liu et al., 2019;114).

e Floating wetlands (FWs) are also manmade ecosystems. They employ small artificial platforms
that allow plants to grow on floating mats in open water where their roots spread through the floating
mats and down into the water. In a recently published study, between 15% and 38% of
microplastics in the sediments accumulated in a FW were found to be synthetic rubber-carbon filled
particles, most likely derived from vehicle tyres (Ziajahromi et al., 202011¢)). Further research is
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required to adequately assess the removal effectiveness of FWs and to allow for comparisons with
other options. Furthermore, as FWs can be built from plastic materials, there may be a risk of
potential contribution to microplastics pollution via the degradation of the plastic construction
materials (Ziajahromi et al., 2020;119)).

Comparison of stormwater treatment options

Although further research is required to fill the persisting data and knowledge gaps on the contribution of
stormwater treatment infrastructure to microplastics pollution mitigation, available data suggests that
wetlands and retention ponds may be highly effective at removing microplastics from water. It is likely that
careful management of retained sediments is necessary to ensure the effective control of microplastics.

Wetlands are generally cost-effective because of the low investment and maintenance costs. The costs to
set-up a wetland system in the United States are USD 379-11,016 (average USD 3,441) per m3/d treated
or USD 86 per m? (Hunter et al., 20181211), although these are highly variable in different locations. The
operation and maintenance cost is typically USD 3.5-40 per m3/d treated. Normally, wetlands have
indefinite lifespans and are expected to be permanent landscape. The opportunity cost of land removed
from other uses (e.g. agricultural production) is not negligible: it could represent between 50% and 70% of
the total implementation costs. Construction costs per volume of runoff treated for wetlands are 25% higher
than for retention and detention ponds, mainly due to the plant selection and sediment forebay
requirements. Infiltration basins can be significantly more expensive, with 1.5 to 4 times higher costs for
installations of equivalent size (Strassler and Strellec, 1999115)). Also, annual operation and maintenance
costs represent a significant percentage of the capital expenditure: 2%-6% for retention basins and
constructed wetlands, 1% or less for detention ponds and 1-20% for infiltration trenches or ponds. These
costs will vary based on a number of location-specific parameters.

Stormwater management infrastructure described above offers multiple co-benefits such as enhanced
availability of water (which contributes to sustainable basin management), rainwater flow management,
water quantity control, as well as increases in wildlife habitat, property values and recreational
opportunities. In turn, all stormwater management options cannot be easily implemented everywhere. Soil
characteristics, volumes of runoff and traffic conditions will determine the most suitable solution. There
may also be a case for prioritising the installation of stormwater infrastructure near pollution hotspots, such
as road sections with high traffic volume, although the cost-effectiveness of this approach needs to be
assessed further (Gehrke, Dresen and Blémer, 2020(122)).

The decentralisation of stormwater and road runoff treatment may also contribute to reducing the pressure
on combined sewer systems and the potential for combined sewer overflows, a substantial source of
diffuse pollutants, including microplastics (as discussed in Chapter 1). Adequate stormwater runoff is
necessary to prevent important floods in highly populated and paved urban areas, especially as pressures
from diffuse sources of water pollution intensify. Furthermore, the development of flood management
strategies may provide a useful entry-point to also improve microplastics capture as a co-benefit.
Conversely, solutions such as constructed wetlands could also provide a treatment solution for excess
loads occurring during heavy rain events (Meyer et al., 2013[123).
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4 Emerging policy intervention and
available policy tools to support
microplastics mitigation

This chapter documents existing policy action addressing microplastics
generated during the lifecycle of textiles and tyres. Secondly, it investigates
emerging policy instruments that can be considered to support and
advance mitigation action along the lifecycle of products: source-directed,
use-oriented, end-of-pipe and end-of-life approaches.

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021



104 |

4.1. Introduction

As scientific and public attention on microplastics pollution grows, policymakers are increasingly looking
for policy options to better manage current and future environmental and human health risks associated
with microplastics. This chapter looks at available policy tools to tackle the challenge of microplastics
originating from textiles and tyres, in particular to encourage, incentivise, or mandate the uptake of the
mitigation best practices and technologies outlined in the previous chapter. The current state of play on
prevailing policy action and industry-led initiatives targeting microfibres and TRWP is outlined in Section
4.2. Then, the chapter discusses selected opportunities to broaden and/or deepen the scope of the existing
policy coverage in OECD countries to comprehensively address the challenge at hand. Policy tools are
categorised into: i) source-directed approaches (section 4.3.1), ii) use-oriented approaches (section 4.3.2)
and iii) end-of-pipe and end-of-life approaches (section 4.3.3).

4.2. Review of existing policies and initiatives

Several OECD countries have formulated national or sub-national strategies that include measures to
address microplastics pollution. Common denominators of existing action plans are, for instance:

e the fostering of research on microplastics releases and their potential environmental and human
health impacts;

e mitigation action to tackle land-based and sea-based sources of marine plastic litter, e.g. waste
management policies and single-use plastics policies; and

e the regulation of the placing on the market of products that lead to inevitable microplastics leakage,
where technological solutions and natural alternatives exist. Notably, an increasing number of
countries have banned the use of microbeads in PCCPs (Canada, 2017(1; France, 2017z;
GOV.UK, 20183; United States, 2015p4; Italy, 2017;5). In the EU, ECHA has proposed wide-
ranging restrictions on microplastics intentionally-added to products placed on the EU/EEA market.
These are expected to prevent the release of more than 400 000 tonnes of microplastics over 20
years (ECHA, 2019));

For textile-based microfibres and TRWP pollution, policy action has so far focused on providing the
foundations for comprehensive and evidence-based mitigation frameworks. In general, existing and
planned interventions tend to target several stages of the lifecycle of products. These include facilitating
knowledge creation, fostering research, harmonising sampling and characterisation methods and
establishing multi-stakeholder information-sharing and collaboration platforms, all of which aim to
contribute to the work of identifying and assessing mitigation actions implementable at different stages of
the lifecycle of products. More advanced (proposed or implemented) policies generally target mitigation
entry points during the use phase, such as household, commercial and industrial laundering. Relevant
policy action from governments is presented in Section 4.2.1 and voluntary industry-led initiatives in
Section 4.2.2.

4.2.1. Policy action at the national and sub-national level

Several OECD countries have passed (or proposed) legislation primarily aimed at accelerating research,
to close knowledge and data gaps on the mechanisms and magnitude of microfibre and TRWP emissions
and to identify and assess mitigation measures. Further, as outlined in Chapter 3, the lack of harmonised
test methods currently poses challenges for the aggregation and comparison of results on microplastics
releases and the effectiveness of solutions. Thus, a number of governments have been mandating or
encouraging the development of standardised and harmonised microplastics definitions and methods,
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including sampling and characterisation methods as well as test standards for tyre tread abrasion and
microfibre shedding from products.

Although these measures do not directly contribute to microplastics mitigation, they are essential
preconditions for the design, assessment and implementation of evidence-based regulatory, economic and
voluntary policy interventions. An example of this is the ongoing work in the European Union to develop a
standardised method to measure the tyre tread abrasion rate, based on state of the art available standards
and regulations and the work carried out by industry (EU SAM, 20187;; EU, 2020;s)). As announced by the
European Commission and approved by Regulation 2020/740, the long-term plan is to include the tyre
tread abrasion rate into the existing EU Tyre Labelling Scheme, which has been in place since 2012 and
currently provides consumers with essential information on the fuel efficiency, safety and noise of tyres
placed on the market (EU, 2020;s)).

Existing awareness-raising and consumer education initiatives also contribute to addressing microfibre
shedding and tyre wear and help promote “no-regret” mitigation interventions (see Chapter 5). In the case
of textile use for instance, less frequent and shorter laundry cycles, low temperatures and the use of
softeners can mitigate microfibre emissions, in addition to reducing households’ energy and water
consumption and improving the durability of garments. Consumer education and awareness-raising
initiatives aim to influence consumer behaviour towards the uptake of best practices for the sustainable
use of products. In addition, raising awareness can also lead to further public acceptability for policy action
and increased civil society pressure on brands in the fashion and apparel sector to take industrial action.

The US State of Connecticut mandated via the “Act Concerning Clothing Fiber Pollution” the formation of
a working group charged with formulating best consumer practices and with educating consumers on the
topic of microfibre pollution. Consumer information messages may also be embedded in broader emerging
initiatives aimed at fostering behavioural change towards environmentally beneficial practices for product
use and maintenance. An example of this is the Swedish #Textilsmart# information campaign, which
advises consumers on how to render their textile consumption more sustainable, including with information
on microplastics shedding and prevention measures they can implement at home (Swedish EPA).

Although less common, a few regulatory bodies have also introduced or considered minimum standards
to mitigate microplastics releases into the environment. Notably, France recently approved an “anti-waste
and circular economy” law which, among other things, requires all new washing machines sold from 2025
to have built-in filters to capture microfibres (France, 2020;107).

Table 4.1 documents selected examples of relevant existing and proposed policies at the national and sub-
national level across OECD countries.

Table 4.1. Selected examples of existing and planned policies targeting microfibres and TRWP

w &
Description § = o 5
51 Q g <
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Australia
The National Plastics Plan 2021 announced that the Australian Government will work with industry to phase in
microfibre filters on new residential and commercial washing machines by 1 July 2030 (DAWE, 2021p11)) ®)
Canada
Under the Zero Plastic Waste strategy, Canada is implementing a comprehensive approach to reduce plastics
pollution, which includes investing in science to close research gaps on macro and microplastics. The government X X

provided funding to support research on microfibre release occurring during washing, to design dedicated test
methods and to develop sampling methods for microfibres in laundry effluent and wastewaters.
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European Union
The Plastics Strategy (2018) called for an examination of policy options to reduce unintentional microplastics releases
from tyres and textiles, including a development of methods to quantify emissions, targeted R&D funding, minimum
design requirements and information requirements (EU SAM, 20187)). Both the European Green Deal (2019) and the « <
new Circular Economy Action Plan (2020) reaffirm the priority to address microplastics releases (EU, 2020p:2).
Regulation (EU) 2020/740 of May 2020 has mandated the European Commission with the development of a tyre
tread abrasion test, with a view to include the degree of tyre abrasion into the EU tyre labelling scheme (EU, 2020g)).
France
As part of the 2020 anti-waste law for a circular economy, France introduced a mandatory requirement for all new
professional and household washing machines to be equipped with a microfibre filter by 1st January 2025 (France, X
2020510)).
Netherlands
The Dutch government has mandated research on mitigation measures for a range of use-based microplastics
emissions, including microfibres and TRWP. On tyres, the government initiated a communication campaign on correct «

inflation pressure and suitable tyre types. In 2019, the campaign resulted in 250.000 extra cars with the right tire
pressure (Dutch Government, 2020p13)).

Norway

The Norwegian Climate and Environment Ministry commissioned a review on microplastics pollution, which includes
measures to target wear and tear of vehicle tires and textiles and losses from artificial turfs.

Sweden

In 2017, a first government assignment researched sources and releases of microplastics into the marine

environment. In response to the findings, the Swedish EPA has financed research grants to deepen the knowledge

base on microplastics pollution and on potential mitigation measures., set up initiatives to foster innovation and X X
dialogues within the textile value chain and also set up a pre-procurement group for artificial sport pitches, with a

focus on reducing releases of rubber granulate (Swedish EPA, n.d.ji4).

United Kingdom

The UK government commissioned research projects to better understand the issue of microplastics losses from tyres

and clothing. A Rapid Evidence Review has been commissioned to gather the evidence to progress approaches to

more consistent definition, sampling and assessment methodologies for monitoring and reporting microplastics in X X
water. Collaboration is also ongoing with the water industry to establish methods to detect, characterise and quantify

microplastics in wastewaters and evaluate the removal efficiency of treatment processes.

United States (national and sub-national level)

Under the Trash Free Waters program, the US EPA is engaging with industry and commissioning research projects to
identify and assess solutions to microfibre pollution. Several governmental agencies have sponsored research on the
risks of microplastics in the environment. The US government has a multi-agency micro and nanoplastics information
sharing group to share knowledge gathered via existing research projects.

In 2018, Connecticut passed House Bill 5360 to target microfibres emitted during laundering. The bill mandated
further research on microfibres, awareness-raising initiatives and the development of best consumer practices and
industry efforts to prevent microfibre shedding. The bill also resulted in the formation of a dedicated Working Group, X X
which published in January 2019 a draft report with recommendations to reduce microfibre pollution (Connecticut,

2018p15))

New York State proposed Assembly Bill A01549 in 2018. This would require the following labelling for all products

containing more than 50% synthetic material: "This garment sheds plastic microfibers when washed”. The bill (x)
proposes recommending hand washing to reduce shedding (New York State Assembly, 2018y1g))

In 2018, California proposed Microfiber Bill AB 129, which would have required the State Water Resources Control
Board to develop a standard methodology to evaluate the effectiveness of microfibre filtration systems and to identify
best manufacturing practices for clothing. Additionally, public and private entities that use laundry systems would have
been required to install suitable filtration systems (California Assembly, 2018;17)). In 2020, Bill AB 1952 was proposed.
If approved, it would require the implementation of a pilot program to assess the efficacy of microfibre filtration
systems and monitor the presence of microfibres in waste washwater (California Assembly, 2020j1g)).

Note: Several other OECD countries have also funded research initiatives to assess sources and pathways of microplastics into aquatic
environments and/or to investigate actions to monitor and curb microplastics pollution, including Belgium, Germany and Spain.
Source: Author’s own elaboration

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021



1107

4.2.2. Voluntary initiatives

In parallel to government action, a number of voluntary industry initiatives have emerged to mitigate
microfibre and TRWP pollution. Industry-led initiatives can have several benefits: they can facilitate
information gathering, contribute to accelerating industrial R&D and foster the dissemination of information
on the costs and benefits of mitigation solutions. In the context of microfibres and TRWP, industry
stakeholders can use their technical knowledge and expertise to accelerate the understanding of the
mechanisms and quantities of microplastics emissions and the identification of viable mitigation measures.
Further, industry-led initiatives can support and promote policy action and contribute to reaching the
objectives mandated or under consideration by governments. In particular, this can be achieved by:

e Supporting and participating in research carried out by academics and researchers;
e Contributing to the harmonisation of test methods;

e Sharing information and collaborating in international platforms to establish priorities for research
and action; and

e Sharing product information to consumers or along the value chain, for instance via voluntary
labelling schemes or environmental indicators.

In the textile and garment sector, several initiatives and research projects have emerged to close key
knowledge and data gaps on microfibres. The Microfibre Consortium facilitates the development of
practical solutions for the textile industry to minimise microfibre release to the environment from textile
manufacturing and product life cycle (The Microfibre Consortiumpig}). To date, the work carried out by the
Microfibre Consortium has included the development of a standardised test method and research
concerning the influence of various production parameters on shedding behaviours. In the European
context, a number of industry associations (International Association for Soaps, Detergents and
Maintenance Products, Comité International de la Rayonne et des Fibres Synthétiques, European Outdoor
Group, Euratex and the Federation of the European Sporting Goods Industry), have formed a voluntary
Cross Industry Agreement. The partnership aims to contribute to the development of international
standardised test methods! to identify and quantify microfibres, share information on the progress of
research, knowledge gaps, options and priorities and support and participate in industrial research for the
development of feasible and effective solutions (Euratex, n.d.201). Further, certain fashion brands have
partnered with research organisations to conduct research on microfibre pollution of marine environments
and the mechanisms of shedding occurring during laundering (Patagonia, n.d.;21)).

In the tyre manufacturing sector, several companies and industrial associations have also been looking at
the issue of TRWP pollution, in particular with regards to opportunities for international cooperation,
knowledge sharing and the development of harmonised definitions and measurement standards. The Tire
Industry Project (TIP) was established in 2005 by 11 major tyre manufacturing companies, under the
umbrella of the World Business Council of Sustainable Development (WBCSD). The TIP aims to identify
and implement feasible measures in order to reduce the impact of the life cycle of tyres on the environment,
also in the context of microplastics pollution. The European Tyre and Rubber Manufacturers Association
(ETRMA) initiated the European Tyre and Road Wear Particle Platform in July 2018. This international
multi-stakeholder platform aimed to facilitate research, encourage stakeholder cooperation and
knowledge-sharing and explore mitigation options to reduce TRWP pollution. In the European context, the
European Tyre and Rime Technical Organization (ETRTO) is working on assessing the feasibility and
accuracy of a standard test method for the tyre abrasion rate to propose to the European Commission.
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Box 4.1. Mitigation measures and priorities identified by the European TRWP Platform

Multi-stakeholder meetings held in the context of the European TRWP Platform identified more than 30
potential mitigation solutions for TRWP pollution. These included interventions to reduce the generation
of TRWP (e.g. harmonisation of standard test methods for tyre tread abrasion, research on road
abrasion, tyre and road material innovation, awareness campaigns for drivers), as well as options to
capture TRWP before these enter the environment (e.g. identifying hotspots for mitigation action,
improved road cleaning, implementation of end-of-pipe stormwater management solutions).

Among these, the platform identified a number of measures, which can be prioritised in the short-term:
e working on methodologies to develop a test method for the tyre tread abrasion rate as well as
analytical methods for TRWP in the environment;

e closing knowledge gaps, such as on the composition, occurrence and fate of TRWP in the
environment, as well as on the impact of influence factors (e.g. road characteristics) on TRWP
generation;

e developing permanent platforms to share and disseminate knowledge and create synergies
among different research projects;

e creating incentives towards eco-driving practices, for instance through awareness raising
campaigns; and

e identifying hotspots to facilitate the launch of regional pilots and test the relative effectiveness
of mitigation solutions.

Source: (ETRMA, 201822))

4.3. Opportunities for further policy intervention

4.3.1. Source-directed approaches

Source-directed policy approaches aim to impose or incentivise measures which prevent the release of
pollutants to aquatic, terrestrial and aerial environments and reduce the potential risks for ecosystems and
human health. Source-directed action has the advantage of preventing emissions, thus reducing the need
for end-of-pipe capture solutions further downstream. In the case of tyres and textiles, source-directed
action mainly relates to the implementation of mitigation measures aimed at mandating or incentivising the
manufacturing of products containing less toxic components (e.g. non-hazardous dyes employed in textile
manufacturing) and with a lower tendency to generate microplastics emissions. Actions aimed at limiting
industrial emissions of synthetic polymers and fibres (and the associated chemical substances) also fall in
this category.

Table 4.2 summarises various regulatory, economic and voluntary policy tools that can be considered to
target the design and manufacturing stage of microplastics emissions originating from tyres and textiles.
These are primarily targeted at industry stakeholders along the value chain: textile and apparel
manufacturing industries and tyre manufacturing companies. Additionally, regulatory bodies, textile and
tyre manufacturing industry associations and other relevant industrial representatives along the apparel
and vehicle manufacturing value chain may also contribute to the creation of incentives to minimise
industrial emissions and/or to support the development of products leading to lower microplastics
emissions.

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021



1109

The following sections describe selected source-directed policy tools in more details and provide a
discussion of the relative benefits and barriers to implementation.

Table 4.2. Summary of relevant source-directed policy instruments for microplastics mitigation

Type Policy instrument Description

Standardisation of Development of harmonised and standardised vocabulary and definitions for microplastics.

definitions and terminology

Standardisation of test Development of harmonised and standardised methods for the measurement and analysis of microfibre

methods shedding from garments and tyre tread abrasion.

Minimum standards Product eco-design standards imposing minimum requirements for the resistance of products to
microplastics shedding for these to be placed on the market. These can target the microfibre shedding rate
or the tyre tread abrasion rate, but potentially also complementary products (e.g. road surfaces).
Technological standards imposing (or banning) the use of manufacturing processes associated with a
lower (or higher) propensity of the final product to shed microplastics. For instance, a requirement that
clothing manufacturers / importers must carry out preliminary washing of textiles under controlled
conditions before they are sent to retailers or sold to consumers.

Substance bans Prohibition or limitation of use of hazardous substances in the manufacturing of products.

2 Certification schemes Certification schemes can be employed to set the criteria against which products are judged and to provide

<_‘§ the basis for compliance with minimum performance standards or for information provision via mandatory

2 or voluntary labelling schemes (detailed below). For instance, business could certify (usually via third-party

e testing) the tendency of intermediary or final products to shed microfibres or to undergo tyre tread
abrasion.

Labelling and information = Labelling schemes can be implemented to share information related to the tendency of intermediary or

systems final products to release microplastics along the value chain (business-to-business) or to consumers
(business-to-consumers)

Best available techniques = Best Available Techniques (BAT) are state-of-the-art techniques for the prevention and control of industrial
emissions. These can provide the basis for legally-binding microplastics emission limit values and/or the
uptake of best practices in manufacturing processes.

Green public procurement By taking advantage of their purchasing power, public authorities can play an important role in steering
production towards a more sustainable direction. Microplastics leakage avoidance could be included in the
criteria for sustainable public procurement of textiles, tyres and associated services (e.g. laundering
equipment and services). Pre-procurement purchasing groups can also be set up to drive innovation and
R&D from the demand side for a range of products associated with microplastics release.

Subsidies Subsidies or tax incentives from governments to incentivise the uptake of eco-design practices and/or
mitigation technologies for tyres, textiles and complementary products
Financial support to encourage the prevention and/or minimisation of industrial emissions.

Lé Taxes and mandatory Taxes or charges to industry for placing on the market products with a high tendency to shed

g charges microplastics.

(@ Weight-based charges to favour light-weighting of vehicles (e.g. vehicle registration fees or annual taxes
partially based on vehicle weight).
Taxes or charges to manufacturing plants for discharging microplastics and/or the associated toxic
substances into water bodies.

Information campaigns A lack of awareness over the magnitude of the issue and the available solutions may also pose a barrier to
the uptake of best design and manufacturing practices. The transfer of knowledge from researchers to
consumers and industry on why and how to reduce microplastics pollution can contribute to accelerating
R&D efforts and the uptake of available mitigation measures.

International and cross- Collaboration across the private sector and between industry and other stakeholders (e.g. public sector,

industry information and research institutes) to foster research and implement strategies to prevent and mitigate microplastics

data sharing and pollution.

Z  cooperation Promotion of higher transparency standards along the value chain to facilitate the identification and
15 evaluation of mitigation measures implementable at the production stage
2 Voluntary eco-design Introduction of microplastics mitigation best practices into industry-led sustainability initiatives. This may

initiatives

Due Diligence for the
Garment and Footwear
Sector

include the uptake of best manufacturing practices and technologies and/or the selection of manufacturing
materials which are intrinsically less toxic (e.g. selection of non-hazardous dyes in textiles).

Due Diligence approaches for the Garment and Footwear Sector can help companies understand their
exposure to microplastics harm in their value chain and take action to cease, prevent, mitigate the impact,
as well as to monitor and report on this process. Although this is a voluntary approach, the 50
governments who have adhered to the OECD instruments have committed to promoting and disseminating
this guidance.

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021



110 |

Type Policy instrument Description
Voluntary commitments to Voluntary agreements exist to tackle certain sources of unintentional microplastics leakage, notably the
limit industrial emissions accidental loss of plastic pellets occurring along the plastics value chain (PlasticsEurope, 201723)). Similar

voluntary schemes could be developed to identify, share and implement best practices and technologies to
prevent industrial emissions of microplastics occurring at manufacturing plants, for instance via the use of
air filters to capture airborne microfibres.

Note: Policy instruments marked in bold are further discussed in the following sections
Source: Author's own elaboration

Minimum standards, certification systems and labelling and information schemes

Insufficient or inadequate information supply, identified as a barrier to more sustainable production and
consumption practices (Laubinger and Borkey, forthcomingiz4;), also undermines opportunities to reduce
microplastics emissions. The lack of information provision on the shedding propensity of tyres and
garments available on the market limits consumers’ ability to make informed purchasing decisions. Also,
a lack of information sharing along the value chain may restrict manufacturers’ ability to manage
environmental risks associated with a product’s design and production, including those related to
microplastics shedding. In the case of textiles, the set of practices which a product has undergone during
manufacturing, from fibre production to finishing treatments, will influence its propensity to shed
microfibres. However, inadequate information on the product history and content may inhibit
manufacturers’ capability to assess the quality of products and the potential to implement eco-design
practices.

Once measurement standards for microfibre shedding and tyre tread abrasion are available, it should
become possible to differentiate products based on their tendency to emit microplastics. This can allow for
the development of standards, certification schemes and labelling and information schemes, a set of
interdependent policy tools which could be employed to incentivise eco-design and to help overcome the
existing barriers related to the paucity of reliable and effective information supply.

e Minimum standards can be considered to restrict the worst performing textile products and tyres
from being sold on the market, in order to minimise the contribution of the products with the largest
emissions and incentivise producers to implement eco-design manufacturing practices and
technologies (Eunomia, 201825)). In addition to textiles and tyres, minimum standard requirements
could also be conceived for complementary products, as discussed in Section 4.3.2 for washing
machines. These could be designed in two ways: a) technology standards mandating the adoption
of certain identified eco-design practices or banning the use of harmful manufacturing processes,
or b) performance standards setting a maximum threshold for microfibre shedding or tyre tread
abrasion. Distinctive benefits would need to be considered, typically as regards to incentives for
innovation. In general, performance standards are preferable as these allow for greater flexibility
to search for the cheapest options to reach the set pollution reduction goals. In turn, where specific
design characteristics and manufacturing processes have been identified as particularly harmful to
microplastics mitigation, technology standards can provide a low-cost option to abate emissions.

e Certification schemes may be introduced to establish the set of criteria (standards) against which
the product is being judged. For instance, business could certify (either autonomously or via third-
party testing) the tendency of intermediary or final products to shed microfibres (for garments) or
to undergo tread abrasion (for tyres). These could provide the basis for compliance with minimum
performance standards or for information provision via mandatory or voluntary labelling schemes
detailed below.

e Environmental Labels and Information Schemes are policies and initiatives that aim to provide
information to external users about one or more aspects of the environmental performance of a
product or service (Gruere, 201326)). These can be employed to provide aggregated and simplified
information to consumers on the microplastics shedding propensity of products placed on the
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market via consumer-oriented labels (B2C), or to facilitate the information flow between businesses
via business-to-business (B2B) information systems to enable the uptake of eco-design practices
(Laubinger and Borkey, forthcomingiz4)).

Minimum standards, certification schemes, labels and information systems can be deployed in conjunction
to facilitate the flow of information relating to the environmental performance of tyres and textile products,
incentivise the uptake of mitigation options at the production stage and stimulate market development and
innovation. A more detailed assessment of relevant considerations in the design and implementation of
these policy tools is presented in Annex 4.A. In particular, two options are discussed: a) B2B information
systems to facilitate the information flow on the characteristics, content and microfibre shedding propensity
of intermediary and final products along the textile and apparel supply chain, and b) minimum standards
and B2C certification and labelling schemes for both vehicle tyres and textile products.

Best Available Techniques

Best Available Techniques (BAT) are state-of-the-art techniques for the prevention and control of industrial
emissions, developed at a scale that enables them to be implemented under economically and technically
viable conditions. A growing number of governments use BAT to set legally binding emission levels and
other conditions in environmental permits for industrial installations.? The permit conditions are usually
established based on a range of legally binding BAT-associated environmental performance levels.? In the
EU, these are set out in BAT reference documents (BREFs).

In the context of microplastics pollution originating from tyres and textiles, BAT could be employed to
minimise releases occurring during industrial processes. Potentially, there might also be value in exploring
the opportunities for taking a value chain approach when introducing BAT in industrial operations, to
encourage the uptake of manufacturing practices that optimise textile products and tyres for lower
microplastics release during use. For instance, the removal of microfibres (e.g. via industrial pre-washing
under controlled conditions) is an example of a practice which can reduce industrial emissions as well as
emissions during the first washes done by the consumer. A more detailed assessment of the potential
benefits and relevant implementation considerations for taking a BAT-based approach to microplastics
leakage is outlined in Annex 4.A.

Due Diligence in the Garment and Footwear Sector

Due Diligence can facilitate the implementation of sustainable production practices and improve data flows
and transparency. The OECD Due Diligence Guidance for Responsible Supply Chains in the Garment and
Footwear Sector (i.e. “the Guidance”) helps enterprises implement the due diligence recommendations
contained in the OECD Guidelines for Multinational Enterprises along the garment and footwear supply
chain in order to prevent and address the potential and actual negative human and labour rights,
environmental and integrity impacts of their activities. It supports the aims of the OECD Guidelines to
ensure that the operations of enterprises in the garment and footwear sector are in harmony with
government policies to strengthen the basis of mutual confidence between enterprises and the societies
in which they operate. The Guidance promotes a set of non-binding, practically-oriented principles on how
companies should carry out risk-based due diligence with an emphasis on constructive collaborative
approaches to complex challenges.

Water pollution is considered a prevalent sector risk in the garment and footwear sector. The Guidance
contains a section on water pollution, which outlines steps to be implemented to identify potential and
actual harms and to cease, prevent, or mitigate risks related to water pollution. In general, companies are
expected to conduct ongoing, proactive and reactive risk-based due diligence, including to pick up on
emerging environmental risks. The Guidance also encourages companies to collaborate at a sector level
to pool knowledge, share information and scale up effective measures, although cross-industry
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collaboration does not alter the responsibility of the individual enterprise to identify, prevent or mitigate
harm.

While microfibre pollution is not specifically targeted in the existing Guidance, Due Diligence approaches
can help companies understand their exposure to microplastics harm in their value chain, take action to
cease, prevent and mitigate the impact, as well as to monitor and report on this process. In considering
the environmental impacts of a product across its full life cycle, it may be necessary for a company to also
take action to prevent, cease and mitigate harm downstream in the value chain, for example by providing
washing instructions to end consumers to reduce the water impacts, or by taking preventative action to
reduce microplastics shedding and pollution (OECD, forthcomingjz7)).

Environmental taxes and mandatory charges

Market-based instruments,* such as environmental taxes and mandatory charges, could also be
considered to incentivise the development and uptake of best manufacturing practices in line with reduced
microplastics leakage. In general, market-based instruments allow for flexibility in the way production
processes are adapted in response to price signals and thus can deliver environmental improvements at
a lower cost than regulatory interventions. Further, taxes could be earmarked to cover the costs of
mitigation and pollution prevention, such as support for further research and R&D initiatives, for the costs
of improved wastewater and stormwater treatment or for the implementation of use-phase mitigation
technologies (e.g. microfibre filters for washing machines).

The implementation of market-based policies would require a careful consideration of several policy design
aspects, particularly the setting of policy targets and the price signals. Two main alternatives exist in this
sense, each entailing different advantages and disadvantages:

e Taxes or charges based on the propensity of tyres and textiles to shed microplastics are likely to
be effective at incentivising the uptake of mitigation measures in line with the eco-design of
products, as well as at encouraging research and development in material and product design to
minimise shedding. These could apply either to producers and importers or to consumers. The
main drawbacks of implementing price signals on final products are the extensive information
requirements to assess the tendency of products to shed microplastics and the high monitoring
costs that would be necessary for the intervention to be effective.

e Alternatively, market-based measures could be designed to target microfibre pollution indirectly,
via taxes or charges on the synthetic content of textiles and garments. These could target either
intermediate materials, i.e. the plastics input during manufacturing or the manufactured good, i.e.
the synthetic content of the final product. Relying on a proxy for microfibre shedding may facilitate
implementation and simplify compliance checks, as information on product content is readily
measurable and usually already available (e.g. fibre content in existing product labels for textile
products). However, this may come at the cost of a significant loss of policy efficiency. Most
importantly, taxes targeting the synthetic content would not discern between different plastic
materials and their propensity to emit microplastics and thus would not necessarily incentivise the
development of eco-design solutions for synthetic-based textiles. In addition, they could also create
incentives to shift to natural alternatives with higher environmental footprints.

Overall, given the potentially high monitoring requirements and implementation costs and the paucity of
data to measure microplastics emissions and the associated risks, it remains to be seen whether market-
based policies are feasible and adequate policy tools to incentivise eco-design practices in line with
microplastics mitigation. These may become more viable as an effective policy tool in conjunction with
regulatory efforts (e.g. minimum standards, or mandatory certification) and once the knowledge on hazards
and the effectiveness of mitigation options improves. As the lifecycles of vehicle tyres and textile products
also bear several environmental consequences other than the emission of microplastics, the risks of
potential burden-shifting would need to be carefully assessed in the design of market-based policies.
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4.3.2. Use-oriented approaches

Use-oriented policy approaches aim to impose or encourage the prevention or reduction of microplastics
emissions occurring during product use and their release into the environment. These include measures
aimed at preventing the abrasion of products containing synthetic polymers, as well as options to prevent
the leakage of the emitted microplastics into the environment. Although use-oriented policy approaches
have not yet been comprehensively included in policy frameworks targeting microplastics pollution, some
have been considered by countries looking to reduce emissions of use-based secondary microplastics.

The use phase is perceived as a particularly relevant point for mitigation action for several reasons. Firstly,
several mitigation options implementable at the use stage have the advantage of being already available
and relatively easy to implement, in comparison to relevant source-directed and end-of-pipe options. This
is the case for instance of microfibre filtering devices for washing machines, when compared to changes
in textile design or to potentially-costly upgrades in wastewater treatment plants. Secondly, certain
measures which can prevent the emissions of microfibres and TRWP, i.e. best laundering practices and
eco-driving practices, can usually be implemented at low costs and also lead to additional environmental
benefits (i.e. lower fuel consumption during driving, lower water and energy consumption for laundering).

Table 4.3 summarises various use-oriented policy instruments, most of which are aimed at the general
public, industrial laundering facilities and washing machine manufacturers. The following paragraphs
describe some of these policy instruments relevant to either foster the uptake of best use practices or the
implementation of mitigation technologies.

Table 4.3. Summary of relevant use-directed policy instruments for microplastics mitigation

Type Policy instrument Description

Minimum standards Mandatory performance standards for products and appliances sold on the market which influence the use
phase of textiles and tyres (e.g. washing machines, laundry detergents, vehicles, roads). For instance,
these could target the adoption of filtering technologies for domestic, commerecial, or industrial washing
machines, the uptake of tyre pressure monitoring systems for new vehicles, or the provision of real-time
information on driving behaviour.

=
c_‘g Restrictions on product use ~ Restrictions on non-essential use of products with lead to significant microplastics releases. This applies
2 for instance to the use of winter tyres, associated with a higher tyre tread abrasion rate, during the summer
e months.
Restrictions on road transport activity, for instance to mandate stricter regulations on product maintenance
(e.g. controls on tyre pressure or wheel alignment) or to mandate the uptake of use practices aligned with
higher safety requirements or lower emissions of GHG and air pollutants, such as (stricter) speed limits or
broader strategies to reduce overall transport volumes.
o Market-based instruments Financial support for the uptake of mitigation technologies implementable during the use phase, such as
g add-on filtering devices for washing machines.
§ Market-based disincentives (e.g. vehicle purchase taxes, registration fees, annual taxes, congestion
w pricing, parking pricing) to incentivise consumers to reduce or change consumption behaviour.
Public information Information provision and consumer education initiatives to influence households’ and drivers’ behaviour.
campaigns Awareness-raising campaigns can also improve public acceptance for further policy measures
£ Consumer-oriented Consumer labels and product information can help inform consumers about best practices for
E, labelling and information = maintenance and use of purchased products.
2 schemes
Voluntary commitments to Voluntary schemes could be developed to identify, share and implement best practices and technologies
limit emissions to prevent industrial emissions of microplastics occurring during product handling, for instance via the

uptake of additional filters in industrial and commercial laundering facilities.

Note: Policy instruments marked in bold are further discussed in the following sections
Source: Author’'s own elaboration
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Minimum standards

Existing incentives may be insufficient to promote the development and implementation of mitigation
technologies identified in Chapter 3. Adoption rates remain low, also due to a lack of independent testing
carried out to assess and compare the effectiveness of different options in real-life conditions. In this sense,
the introduction of regulatory or financial incentives can accelerate the development, testing and uptake of
technological solutions.

Minimum standards could be introduced to set eco-design requirements for complementary products that
influence microplastics release during the use phase of textiles and tyres. To date, minimum standards
have been considered in particular to mandate the adoption of filtering technologies for microfibres in
washing machines (Swedish EPA, 20192g]). For instance, the European Parliament has called on the
Commission to include assessments on the release of microplastics into the aquatic environment in eco-
design measures, where appropriate and to introduce mandatory requirements for microplastic filters in
the next review of the Ecodesign Directive for household washing machines and washer dryers (EP,
201829])

Microfibre capturing and filtering devices

The analysis outlined in Chapter 3 suggests that there are several elements which need to be taken into
consideration in the design of policies mandating the adoption of filtering technologies for washing
machines:

o Scientifically sound evidence should inform the setting of the standards criteria for filters, for
instance the mesh size of filters and the acceptable effectiveness rate. Standardised definitions
and clear requirements for filters are needed to enable the development of technological solutions.

e Options that minimise the additional financial and maintenance costs for consumers are expected
to be more feasible to implement. This includes built-in filters as well as low-cost and low-
maintenance add-on filters and consumer products. Furthermore, since the effectiveness of the
use of filters is highly dependent on how these are maintained and operated (see Section 3.2.2), it
will be crucial that their introduction is accompanied by the provision of consumer information on
adequate maintenance and disposal.

e Potential conflicts with other relevant environmental and climate targets (e.g. energy use, water
use) should be assessed and prevented. In this sense, industry cross-collaboration between filter
and washing machine producers, as well as with research organisations, is essential to ensure that
built-in or add-on devices are compatible with household (or industrial) appliances and that they
adequately respond to user needs.

The cost-effectiveness of implementing filters is likely to be dependent on the specific mitigation entry
points (e.g. household-level or commercial/industrial level), the characteristics of the technology (e.g. type
of filtering device, effectiveness, costs of implementation) and the end-of-pipe capture infrastructure in
place (e.g. the presence of on-site pre-treatment of industrial effluents, type of urban wastewater treatment
technologies employed, likelihood of CSOs, method of sludge disposal). In general, context-specific
assessments will need to be carried out in order to identify potential pollution hotspots for microfibres and
assess whether the implementation of ad-hoc filtering technologies is cost-effective.

Public information campaigns and consumer-oriented labelling schemes

As discussed in Chapter 3, the way products are handled and used can greatly affect the degree of
microplastics shedding occurring from products. Since insufficient information and consumer awareness
is one of the key barriers to the adoption of use-oriented mitigation solutions for microfibres and TRWP,
consumer education and awareness-raising campaigns may play a major role in encouraging behavioural
change. Information provision can increase the environmental awareness of the public, the adoption of
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use-oriented mitigation measures, public acceptance for policy measures requiring behavioural change,
as well as the attention of businesses to emerging environmental issues.

Information initiatives can take multiple forms, from public information campaigns and publications for
targeted groups to mandatory or voluntary product labels. Selected examples are outlined below:

e Communication campaigns on microfibre shedding and tyre tread abrasion can be included into
existing public awareness schemes on plastic pollution, sustainable consumption of textiles, or
sustainable transport practices. For instance, information on TRWP emissions for different
transportation modes could be included into existing awareness-raising campaigns to promote
more sustainable transport habits. Information campaigns can also be designed to target specific
microplastics mitigation options. An example of this is the communication campaign launched by
the Dutch government to educate drivers on correct tyre pressure and suitable tyre types. The
campaign resulted in 250 000 extra cars with the right tyre pressure in 2019, which prevented an
estimated 5-10 tonnes of microplastic releases into water bodies (Dutch Government, 2020;13)).

e Consumer best use and maintenance guidelines could also be incorporated into existing labels or
information provision tools. In the textile sector, standardised textile care labels already exist and
are mandatory in several countries (ISO, 201230;). These sewn-in labels provide consumers and
laundry professionals with information on the adequate product washing and care practices. It has
been suggested that washing guidelines in line with best practices to mitigate microfibre shedding
could be included into existing sewn-in labels (Eunomia, 201825)). Similar initiatives already exist:
for instance, the clevercare logo is a voluntary initiative which uses sewn-in labels to direct
consumers to best eco-care practices to extend garment lifetimes and minimise water and energy
consumption (GINETEX, n.d.j31).

e The provision of salient information during the use of products can foster the uptake of best use
and maintenance practices. For instance, in the case of road transport, the provision of real-time
information on fuel consumption on passenger vehicles can encourage the adoption of eco-driving
practices and contribute to TRWP mitigation, in addition to reducing GHG emissions and air
pollution. As an example, the ongoing uCARe project aims to investigate strategies to reduce the
overall pollutant emissions of the existing combustion engine vehicle fleet via the provision of
simple and effective tools to decrease individual emissions to drivers (UCARe;sz)).

4.3.3. End-of-pipe and end-of-life approaches

End-of-pipe solutions include water treatment processes that aim to preserve water quality by removing
contaminants from used water resources before these are reintroduced into the environment. As outlined
in Chapter 3, end-of-pipe measures relevant for microplastics pollution are mainly wastewater treatment,
proper disposal of wastewater sludge and the collection and management of stormwater and road runoff.

Although improvements in product design and the implementation of mitigation best practices and
technologies during product use could substantially reduce emissions, mitigation upstream cannot entirely
prevent microfibre shedding and tyre tread and alleviate pollution. Thus, while end-of-pipe measures alone
cannot suffice to solve the problem of microplastics and other micropollutants in water (for instance,
because end-of-pipe capture has difficulty in retaining smaller particles and because some microplastics
are emitted into air), they may constitute necessary complements to action at source to reduce the overall
risks associated with microplastics pollution.

End-of-life measures may also be relevant for microplastics pollution mitigation. As the mismanagement
of plastic waste contributes to microplastics emissions, it is likely that the mismanagement of waste textiles
and tyres (for instance via illegal incineration, dispersal in the environment, or landfilling) also contributes
to the release of microplastics into air, water and soil. In this sense, policies aimed at preventing the
mismanagement of waste textiles and tyres could also contribute to reducing microplastics generation and

POLICIES TO REDUCE MICROPLASTICS POLLUTION IN WATER © OECD 2021



116 |

leakage. Relevant policy instruments include the setting of more stringent requirements for the collection
and management of used textiles and tyres to improve reuse and recycling, as well as policy interventions
which target microplastics emissions from artificial sport turfs (see also pre-procurement purchasing
groups detailed in Table 4.2).

Table 4.4 summarises various end-of-pipe policy instruments for microplastics mitigation, as well as

selected policy tools relevant for the end-of-life management of textiles and tyres.

Table 4.4. Summary of relevant end-of-pipe policy instruments for microplastics mitigation

Type Policy instrument Description
Environmental quality standards = Quality standards set requirements, specifications, or guidelines that must be complied with in order
(EQS) to achieve specific environmental quality objectives in the long term. For instance, these can define
concentration thresholds for pollutants which should not be exceeded in the aquatic or aerial
environment.
Best available techniques Definition of best technology options for improved wastewater treatment
Wastewater treatment standards ~ Definition of performance standards for wastewater treatment, without requiring a specific technology
2 upgrade. The main barrier to the implementation of wastewater treatment standards (or EQS) is the
kS lack of microplastics monitoring and of data on ecotoxicological effects to demonstrate risks above
:’-; certain concentration thresholds.
= Green public procurement Specific criteria can be developed for green public procurement of wastewater infrastructure in order
to reduce releases of microplastics and other contaminants of emerging concern.
More stringent rules for the Clothing and tyres contribute in a significant way to waste volumes. At the same time, these waste
separate collection and streams hold substantial potential for product reuse and recycling of non-reusable items. Separate
management of used tyres and collection for textile waste (either via door-to-door pick-up, street containers or take-back schemes)
textiles and for used tyres (e.g. via tyre vendors and intermediaries) can enable higher rates of reuse and
recycling.
Extended Producer Producer’s responsibility for a product is extended to the post-consumer stage of a product’s life
Responsibility (EPR) cycle. This may entail the end-of-life stage of products (e.g. costs of waste collection and
management) or potentially also the end-of-pipe capture of pollutants (e.g. costs of improved
wastewater treatment).
Wastewater tariffs or taxes for Tariffs or taxes designed to signal the cost of wastewater treatment to remove microplastics to the
improvements in wastewater public and consumers
Tariffs or taxes designed to signal the cost of stormwater management and treatment to the public
Lé’ and consumers
g Subsidies for improved Financial support from governments to incentivise investments in improved stormwater management
a0 stormwater management and/or  infrastructure, or to promote research on microplastics retention during stormwater treatment.
road dust collection Financial support could also be envisioned for road dust collection measures (e.g. street sweeping).
Subsidies for improved Subsidies from governments to incentivise operators to invest in advanced wastewater treatment
wastewater treatment and/or to promote research on technologies adapted to microplastics removal
Payments for Ecosystem Stormwater runoff provides several ecosystem services, including soil moisture, groundwater
Services (PES) recharge and filtration of water through the environment. Payments for Ecosystem Services can be
explored to internalise water pollution and other environmental externalities and fund the restoration
of selected green infrastructure, such as wetlands, for stormwater treatment and flood management.
Waste collection / take-back Voluntary schemes to collect used garments and tyres
2 initiatives
E; Consumer awareness initiatives Dedicated consumer-oriented awareness campaigns to promote responsible and sustainable use
< to reduce textile waste and disposal choices in the garment and apparel sector and guide consumers towards extended use,

generation

second-hand markets and reuse and separate collection schemes.

Note: Policy instruments marked in bold are further discussed in the following sections
Source: Author’s own elaboration

The availability of funding to finance investments in end-of-pipe infrastructure or to adapt to updated water
quality regulation is a crucial concern for water utilities. The costs of upgrading wastewater treatment
technologies to comply with future stricter requirements for wastewater and drinking water treatment could
amount to several billions euros per year in investment in advanced water treatment technologies and
additional operational costs (EurEau, 201933)).
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Several options exist to finance WWTP upgrades, including: public taxes, wastewater tariffs, charges
passed onto the manufacturing industries, or a combination thereof (OECD, 2019;4)). For instance,
Switzerland has implemented a wastewater tax to partially fund the upgrade of approximately 120 WWTPs
to remove 80% of contaminants of emerging concern (mainly pharmaceutical residues) from wastewaters
by 2040 (OECD, 201934)). Taxes on inputs, such as product charges and other proxies for pollution, could
also be used to raise funds for investments in water quality infrastructure and management.

Funding mechanisms should also be considered to finance improvements in stormwater management
infrastructure. For instance, stormwater charges for stormwater pollution from impervious surface runoff in
urban areas can incentivise reductions in stormwater runoff and finance a greater proportion of urban land
to be connected to a drainage system with stormwater treatment. Payments for Ecosystem Services can
be explored to fund the restoration of selected green infrastructure, such as wetlands, for stormwater
treatment and flood management.

Extended producer responsibility (EPR) may be a relevant option for facilitating and financing microplastics
pollution prevention at several levels of the product lifecycle, from production to end-of-life and end-of-pipe
capture. This is discussed in the next section.

Extended Producer Responsibility

Extended Producer Responsibility (EPR) is an environmental policy approach in which a producer’s
responsibility for a product is extended to the post-consumer stage of a product’s life cycle. More than 400
EPR systems are currently in place in OECD countries and beyond, mainly with the policy objective of
increasing waste recovery and recycling (OECD, 20163s7). EPR schemes allow producers to exercise their
responsibility for end-of-life products, either by providing the financial resources required and/or by taking
over the operational and organisational aspects of the process from municipalities.

EPR policy is consistent with the Polluter-Pays Principle in so far as financial responsibility for treating end-
of-life products is shifted from taxpayers and municipalities to producers and, ultimately, consumers.
Where implemented, it generates financial resources to deal with the end-of-life costs of products.
Additionally, EPR schemes may also create economic incentives for producers to minimise the
environmental impact of products. This may include redesigning products to facilitate their end-of-life
handling or avoiding using materials that may pose risks to human health or the environment, to improve
recyclability and minimise environmental hazards. In some cases, EPR schemes have been designed to
provide a framework where industry stakeholders can collaborate and share information, which can
facilitate the identification of ways to minimise the costs of pollution mitigation overall.

EPR schemes hold some potential for microplastics mitigation (EurEau, 201933)). First, EPR fees could be
employed to finance improvements and upgrades of both wastewater and stormwater management,
including expanding WWT capacity and upgrading existing plants, improving street and roadside cleaning,
and implementing infrastructure for the treatment of stormwater and road runoff. Second, EPR schemes
with advanced fee modulation (Laubinger et al., forthcomingise;) could potentially provide incentives to
producers to improve textile and tyre eco-design, for instance by employing less hazardous materials
during manufacturing and investing in R&D to develop products which are less prone to microplastics
shedding.

Although EPR schemes generally bear significant implementation costs, these could be particularly
attractive policy tools for microplastics pollution mitigation where EPR schemes for the management of
end-of-life management of tyres and textile products already exist. Several OECD countries have EPR
schemes and other end-of-life management schemes (e.g. take-back obligations) in place to facilitate the
separate collection and environmentally sound handling of used tyres (see Chapter 2). In France, an EPR
schemes for textiles which puts the responsibility on companies to manage textile waste has also been in
place since 2008.
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Annex 4.A. Assessment of selected source-
directed policy approaches

Minimum standards, certification schemes and labelling and information systems

Business-to-business information sharing along textile and apparel value chains

Transparency on the composition and characteristics of input materials and products is important for
companies downstream to manage environmental risks associated with the products they manufacture
and place on the market. Textile and apparel value chains are complex and globally dispersed, which
makes it difficult to keep track of individual manufacturing processes a product has undergone and to
identify environmental hotspots. As a result, clothing manufactures, fashion brands and other stakeholders
downstream often have incomplete or inadequate information on the content and characteristics of
intermediary and/or final products.

In the context of microfibre mitigation, paucity of information for different actors along the value chain leads
to a number of market inefficiencies:

e Manufacturing companies may be exposed to information deficiencies on the content and
characteristics of intermediary products and the manufacturing practices employed at previous
stages of the value chain. This may constrain the potential to quantify the shedding propensity of
the final product and provide accurate information to consumers.

e Poor information on the materials and chemical substances employed at earlier stages may also
pose a barrier to the implementation of best manufacturing practices. For instance, whereas
preliminary washing has been identified as a potential mitigation measure for microfibres, lack of
information on the history of the product and the substances it may release during washing, may
hinder adequate handling.

¢ Information asymmetries may also be detrimental to progress in research and development, in
particular with regards to the identification and assessment of mitigation solutions implementable
during design and manufacturing. Research efforts may be constrained by poor traceability of
products available on the market and limited transparency over the material and chemical content
and the manufacturing practices these have undergone.

Business-to-business (B2B) information systems can be useful tools to improve the transparency of
products and to address information asymmetries along the supply chain on the quality of intermediary
products. A variety of B2B information systems and metrics that address other sustainability aspects have
been developed in the textile sector, such as the manufacturing restricted substances list (MRSL) to
facilitate chemicals management (detailed in Box 2.1) and the Oeko-Tex Standards, which allow brands,
retail companies and manufacturers to monitor and communicate environmental sustainability
achievements across the supply chain (Oeko-Tex, 201937).

Information schemes could be developed to share information relevant to assess the microfibre shedding
propensity of final garments along value chain actors. Ideally, quality controls for microfibre shedding would
apply to textile products at all processing stages. Where this is difficult or costly to implement, for instance
because fibre and textile production occurs in small enterprises in emerging economies, third-party testing
can be employed further downstream to certify the performance of imported products. As legislation (e.g.
the EU REACH regulation) generally puts the responsibility for managing the environmental footprint of
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products on brands downstream, the introduction of voluntary or mandatory certification schemes of B2B
information systems can also enable the development of regulatory policy and facilitate compliance by
fashion brands downstream (Laubinger and Boérkey, forthcomingjz4)).

As microfibre pollution is only one of the environmental issues associated with textile production and use,
it may be preferable to include microfibre information into existing schemes which take a holistic, lifecycle
approach to environmental impacts. An example of such a B2B information scheme is the Higg Index, a
suite of assessment tools which allows brands, retailers and manufacturers in the apparel and footwear
industry to measure environmental, social and labour impacts across the lifecycle of products. The Higg
Materials Sustainability Index (MSI) is used as a B2B tool to measure the environmental footprint of apparel
products based on metrics on hazardous chemicals, water use, energy and deforestation (Sustainable
Apparel Coalition, 20193s]). Microplastics are recognised as an important environmental impact aspect to
be included into LCA methods such as the Higg MSI, however its incorporation will only become possible
once standardised methodologies for microfibre shedding are available.’

Business-to-consumer information schemes and product standards

Absence of information on the shedding propensity of tyres and garments available on the market limits
consumers’ ability to discern products based on their environmental performance. The provision of
consumer-oriented information on microfibre shedding propensity of textiles and on the rate of tyre tread
abrasion can help address several existing market inefficiencies and environmental externalities
associated with microplastics leakage. Although several other criteria also influence consumers’
purchasing decisions, the provision of this information is expected to steer consumption towards products
with a higher resistance to microplastics shedding (Eunomia, 20182s)). °In turn, the implementation of B2C
information and labelling schemes is also expected to trigger a shift at the production stage towards tyres
and textile products with a lower propensity to release microplastics.

The design and implementation of information systems for microfibre shedding and tyre tread abrasion
would differ depending on the context and specific objectives to be targeted. Labelling schemes could be
designed to map the resistance of products to microplastics shedding on a scale. Examples of this are the
EU’s energy labelling and eco-design regulations (A***-E, previously A-G), the Japanese Tyre Labelling
Scheme (AAA-D) and the US Uniform Tire Labelling Grading (AA-C)’ (EU, 201739;; JATMA, 20090;; Legal
Information Institute, n.d.a1)). Alternatively, B2C certification labels can be employed to indicate that a
product meets certain predetermined environmental criteria (e.g. European Union Eco-Label, Nordic Swan
Ecolabel). In addition to labelling schemes, information on the shedding propensity of products could also
be included via other information provision tools, such as product packaging and additional garment tags
or stickers.

Integrating microplastics information into existing information schemes may be the most cost-effective
option. Given the low weight of microfibre and TRWP pollution relative to other selection criteria for textiles
and tyres (environmental, quality, or safety concerns), the issue may not justify creating an additional
labelling scheme. Also, information on microfibre shedding or tyre tread abrasion may be most salient to
the consumer if provided in conjunction with other relevant information on the overall environmental
footprint of the product. Even where microfibre information cannot be easily provided as part of existing
certification and labelling schemes, options that take a holistic perspective on the environmental footprint
of the lifecycle of products should be preferred.

In parallel to labelling schemes, product standards could be introduced to set eco-design requirements for
textiles and tyres placed on the market. These could be designed in two ways: a) technology standards
mandating the adoption of certain identified eco-design practices or banning the use of harmful
manufacturing processes, and b) performance standards setting maximum thresholds for microfibre
shedding or tyre tread abrasion.
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Technology and performance standards are not mutually exclusive and could also be implemented in
conjunction, depending on the context and identified mitigation solutions. Performance standards allow for
greater flexibility to search for the cheapest options to reach the set pollution reduction goals. In turn, where
certain manufacturing processes have been identified as particularly harmful to microplastics mitigation,
technology standards can provide a low-cost option to abate emissions. An important aspect in the design
of minimum standards is that these must be dynamic in nature in order to allow and incentivise innovation
and eco-design. For instance, where performance standards are introduced in conjunction with labelling
schemes mapping the microfibre shedding propensity or tyre tread abrasion rate on a alphanumerical
scale, this can be used to set and regularly update the threshold for the acceptable performance of
products.

Several options exist to establish the certification criteria against which products should be judged to
determine whether it complies with minimum standards or to grant it a labelling classification. The most
cost-effective option is likely to be the use of self-certifications to attest the expected performance of
products based on standardised testing (Eunomia, 201825)). For instance, under the EU Tyre Labelling
Regulation, the performance of tyres is self-certified in accordance with EU standardised tests.

Best Available Techniques

The OECD is not familiar with any jurisdictions that, to date, have published BAT and BAT-associated
environmental performance levels (BAT-AEPLs) concerning the release of microplastics. In the European
Union, industrial emissions of microplastics (specifically synthetic fibres and releases plastic pellets along
the industrial supply/production chain) are within the scope of the Industrial Emissions Directive (IED), the
EU BAT legislation (EU, 2010u2;; EU SAM, 2018(7). No relevant BAT and BAT-AEPLs have been defined
on this parameter, also due a lack of data, harmonised measurements and monitoring on industrial
microplastics releases. However, the Technical Working Group in charge of regularly reviewing the BREF
for the Textile Industry has recently decided to collect information on microplastic from various studies to
be included in the relevant BREF, possibly preparing for the determination of BAT on microplastic in future
revisions (EC, 201843).

Benefits of a BAT-based approach

A BAT-based approach to microplastics emissions could bring several benefits:

e Evidence-based standards: The process to determine BAT is based on a comprehensive collection
and exchange of information on existing pollution prevention and control techniques and other
relevant data, such as emissions data. The information collection is followed by a thorough
assessment of the technical, environmental and economic aspects of existing techniques. As a
result, the process to determine BAT and the associated emission levels is rooted in evidence as
well as expert judgement. Consequently, BAT-based emission limit values are more likely to result
in emissions reduction than those solely based on other benchmarks such as environmental quality
standards.

e A holistic approach to environmental protection: studies show that the implementation of BAT can
ensure considerable reductions in industrial emissions and thus important savings to society and
industry, as a result of improved environmental management of industrial operations. Furthermore,
all OECD member countries are recommended to implement an integrated pollution prevention
and control (IPPC) approach (OECD, 1991), i.e. covering emissions to air, water and soil alike.
BAT can contribute to the implementation of such an approach, to ensure that pollutants are
mitigated rather than shifted between different environmental media.

e  Multi-stakeholder dialogue: In order to determine BAT and associated emission levels, countries
or regions usually set up sector-specific Technical Working Groups, typically consisting of experts
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from industry, government and environmental NGOs. This allows stakeholders to build a mutual
understanding of industrial operators’ key environmental challenges and of the means to address
these. Thanks to the multi-stakeholder dialogue, BAT-based permit conditions reflect a balance of
interests. This approach also tends to increase the acceptability of permit conditions across
stakeholders involved, including industry operators.

Level playing field: by aligning environmental performance requirements across industrial
installations in each country or region, BAT-based permitting creates a level playing field for
industry.

Cost-effective upgrade of industry: when determining BAT, the Technical Working Groups usually
consider the costs and advantages of candidate techniques, in order to identify those that reduce
the environmental impacts of industrial operations in a cost-effective manner without hampering
other aspects of the operations. Moreover, while there may be a cost associated with the
implementation of BAT for industrial operators, the introduction of BAT enables an upgrade of
industrial operations, making installations greener and potentially also more resource-efficient.

Flexibility at the implementation stage: Although the emission levels associated with BAT are
legally binding, the BAT per se are usually not prescriptive. This implies that industrial operators
are free to choose whatever technique they find suitable to prevent or control emissions, provided
that they reach compliance with the emission limit values set by environmental permits.

Possible steps forwards

In order to ensure the introduction of BAT for the prevention and control of microplastic releases during
industrial operations or further down in the lifecycle of products, governments would have to establish
relevant BAT and BAT-AEPLs in BREFs and set legally binding permit conditions for industrial installations
on that basis. These could be implemented through the following steps:

Identify microplastic releases as a key environmental issue to be considered during the drawing
up or review of BREFs pertaining to relevant industrial activities, such as textile production;

for the selected sectors, collect data on 1) available techniques for prevention and control of
microplastic releases occurring during manufacturing, as well as on reported industrial releases,
and/or 2) best available manufacturing techniques for the prevention of MP release during product
use;

following the information collection, determine BAT for prevention and control of microplastic
releases based on a comprehensive evaluation of the environmental, economic and technical
aspects of available techniques, conducted by sector-specific Technical Working Groups
consisting of experts from government, industry and NGOs;

derive ranges of legally binding BAT-associated emission levels and other associated
environmental performance levels (BAT-AEPLs), e.g. related to the release of pre-production
plastic emissions, tyre abrasion under standard use; and

in compliance with the ranges of BAT-AEPLs, determine permit conditions pertaining to
microplastic releases for industrial installations at local/national permitting authorities.
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' The CIA-produced test method for microfibre shedding has been submitted for approval
to the CEN Working on Microplastics, an entity charged with setting standardized test
methods for the determination of the release, identification and evaluation of microplastics
from textile sources, during manufacture and use.

2 The OECD'’s BAT reports (OECD, 2017us;; OECD, 2018u6;; OECD, 2019u4)) provide
information on policies based on BAT or similar concepts in the European Union, Chile,
Israel, Korea, New Zealand, the United States, the People’s Republic of China, India, the
Russian Federation and EECCA countries.

> BAT-associated environmental performance levels (BAT-AEPLs) encompass BAT-
associated emission levels (BAT-AELs) as well as other performance levels, such as those
related to consumption of material, water or energy, the generation of waste, abatement
efficiency on pollutants and duration of visible emissions.

4 Extended Producer Responsibility could also hold some potential for the mitigation of
microplastics shedding from products, as discussed in 4.3.3. The implementation of EPR
with advanced fee modulation would likely face the same information challenges than
market-based instruments such as environmental taxes.

5 According to the OECD Due Diligence Guidance for the Garment and Footwear Sector,
companies have a responsibility to take action to identify, prevent, and mitigate risks to
water quality, regardless of whether specific environmental harms are incorporated into
existing voluntary initiatives.

A recent survey carried out in the European Union found that there is strong consumer
demand for information about tyre tread abrasion rates (Eunomia, 201825).

" The US Uniform Tire Labelling Grading already includes a numerical index for tyre wear.
However, since the reference tyre on which tread wear is measured differs for each brand,
this measure cannot be used to compare tyres of different brands placed on the market.
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5 Elements to guide policy action

Drawing from previous sections and chapters, this concluding chapter
presents a set of elements that can guide central government and other
stakeholders towards appropriate prevention and management measures
for microplastics originating from tyres and textiles.
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5.1. Towards life-cycle, strategic and holistic approaches for microfibre and
TRWP mitigation

Microplastics are pervasive in the environment. As our human population and dependence on plastics
continue to grow at current rates, it is expected that microplastics concentrations in aquatic environments
and the associated risks will steadily increase. According to the precautionary principle, precautionary
measures should be considered when the environmental and human health risks are uncertain and the
potential consequences of inaction are high. In the case of microplastics, effective preventive action is
recommended in order to halt the accumulation of microplastics in the environment and prevent
widespread health risks to ecosystems and human health.

The generation of microplastics from textile products and vehicle tyres is a complex phenomenon, for which
no single effective technological or policy fix exists. Microplastics emitted at different points of the lifecycle
of products differ in their characteristics, entry pathways into the environment and inherent potential to
cause harm. This underlines the complexity of designing policy solutions to comprehensively target textile-
and tyre- based microplastics in marine and freshwaters.

Key elements to take into consideration when evaluating different mitigation entry points are outlined in
Table 5.1. Measures aimed at preventing the emission of microplastics at source are likely to have the
largest mitigation potential. Especially for diffuse sources of pollution (i.e. Tyre and Road Wear Particles,
microfibres emitted into air during wearing and drying), the Principle of Pollution Prevention reflects that
pollution prevention is often more cost effective than treatment/restoration options downstream (OECD,
20171). Yet, given the diffuse nature of emissions and the variety of entry pathways, measures upstream
cannot entirely alleviate the risk of microplastics pollution for the water cycle. Measures upstream will need
to be complemented by effective end-of-pipe capture solutions to impose, incentivise, or encourage
improved end-of-pipe capture.

The most cost-effective way of tackling the issue is likely to consist in the implementation of a mix of policy
tools targeting different mitigation entry points along the lifecycle of products. Lifecycle approaches are
also likely to benefit from higher levels of stakeholder acceptance and easier implementation overall, as
they aim to target several relevant actors and share responsibility for pollution prevention and
management.

Table 5.1. Comparing mitigation entry points along the lifecycle of products

Lifecycle stage Advantages Disadvantages / Barriers to implementation
o High mitigation potential o Need of further research to evaluate the impact of certain
o Certain best practices are already available for manufacturing parameters
implementation o Identification and development of eco-design options may
take time
Design and ¢ Trade-offs between microplastics mitigation and other policy
manufacturing objectives should be carefully considered to avoid burden-
shifting (e.g. energy and water consumption and chemicals
use for textile production, safety for tyres)
e Potentially-high implementation barriers and costs for
manufacturing facilities in non-OECD countries

o High mitigation potential e Lack of public awareness over the issue and the low-cost
o Low-cost options already available (best practices mitigation options available to consumers

Use and technological solutions) e Lack of financial or regulatory incentives to implement
o Large opportunities for co-benefits: e.g. best mitigation solutions

maintenance and care for textiles, lower GHG
emissions and air pollution from road traffic
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Lifecycle stage Advantages Disadvantages / Barriers to implementation
o Opportunity to prevent textile and tyre waste o Uncertain relationship between microfibre shedding and
mismanagement overall reuse/recycling practices for clothing.
End-of-life « Opportunity to improve material resource o Weak markets for second-hand garments or recycled fibres

productivity via reuse or recycling practices

o Several opportunities to exploit synergies with o Generally high costs for WWTP upgrades
other pollutants o Higher contamination levels of sewage sludge poses
o Prevention of diffuse pollution and CSOs to environmental impacts elsewhere (if landspreaded)
preserve freshwater and marine water quality e Lack of reliable data on the cost-effectiveness of different
End-of-pipe o Improved wastewater management and treatment stormwater treatment options for microplastics retention

offers co-benefits for the capture of all
microplastics and other relevant micropollutants

o Low-cost mitigation measures (e.g. for road dust
particle collection)

Source: Author’s own elaboration

At the same time, current scientific evidence on the hazards associated with textile microfibres and TRWP
may not yet be sufficient to justify resource-intensive policy efforts. Researchers and industry have
identified several mitigation best practices and technologies that can be implemented during the lifecycle
of textiles and tyres to prevent or reduce emissions. Yet, often further research is required to evaluate their
relative cost-effectiveness, implementation feasibility and the potential trade-offs with other relevant
environmental benefits. Certain end-of-pipe mitigation options, such as advanced wastewater treatment or
nature-based solutions, primary designed to mitigate other pollutants, can generate significant co-benefits
for microplastic mitigation, although microplastics pollution alone is unlikely to justify the additional capital
and operation & maintenance costs.

In general, current scientific evidence alone may not be sufficient to drive costly investment decisions or
to justify trade-offs with other relevant environmental consequences. Furthermore, further knowledge and
data is still required in several areas (e.g. mitigation effectiveness, including the need for standardised test
methods to measure it, the magnitude of current emissions, information about the full life-cycle impacts of
interventions), in order to evaluate the cost-effectiveness of different mitigation measures. Based on these
considerations, the next sections present key recommendations to guide governments and other
stakeholders towards improved control of microfibre and TRWP mitigation. These are organised around
two priorities:

e Advancing knowledge to strengthen the evidence base and inform policymaking via the fostering
of research, the promotion of international and cross industry collaboration, the development of
harmonised test methods; and

e Seeking out and valuing co-benefits with other environmental policy areas (e.g. circular practices
in the textile and apparel sector, sustainable transport policy, water quality policies, guidelines and
strategies for plastics) and exploiting low-cost “no regret” mitigation measures.

Additionally, when information on the effectiveness of mitigation measures has improved, additional and
more specific policy measures will be needed to mandate, incentivise or encourage the uptake of mitigation
technologies and best practices. As outlined in Chapter 4, some of these policy measures, such as
requirements to add microfibre filters to washing machines and consumer-awareness initiatives, are
already being explored by governments.

Preventive mitigation action should be in line with wider objectives of environmental and health protection.
Measures taken should be proportional, consistent with existing policy frameworks, based on adequate
cost-benefit analysis considerations and sufficiently flexible to encourage scientific research and allow for
innovation in mitigation solutions. In particular, it will be crucial to consider holistic system-wide impacts of
proposed measures, to ensure that these do not cause unintended adverse consequences, such as
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burden-shifting towards other environmental policy areas. This could be the case for instance of higher
resource use associated with the use of alternative materials during product manufacturing, or increased
terrestrial microplastics pollution as a consequence of sludge application and improved wastewater
treatment technologies. Evidence-based impact assessments of proposed measures will need to be
carried out in order to ensure that policy measures are cost-effective and ensure net environmental
benefits.

There may be a case for prioritising the implementation of mitigation technologies at pollution hotspots, to
achieve a higher cost-effectiveness of the mitigation measures. For instance, prioritising the
implementation of microfibre filters at commercial (e.g. restaurants, hospitals, etc.) and industrial
laundering facilities could potentially enable the capture of microfibres from highly polluted wastewaters as
close to the source of emission as possible and before these diluted into sewage. Similarly, the allocation
of improved wastewater and stormwater technologies can be optimised to prioritise the treatment of highly
polluted wastewaters or road runoff. On-site treatment generally tends to be less cost-effective than
upgrading centralised WWT technologies, however this may not be the case for low-cost improvements in
stormwater management and treatment. As outlined in Chapter 3, there may be large pollution prevention
gains to be made by directing the implementation of low-cost stormwater treatment technologies at TRWP
pollution hotspots, i.e. locations with high potential for the generation of TRWP and/or direct transportation
into the environment. Country-specific hotspot analyses will be required in order to identify potential
pollution hotspots for microfibres and TRWP and assess whether the implementation of ad-hoc treatment
and filtering technologies is more cost-effective compared to large-scale installations.

5.2. International collaboration and data-sharing to advance knowledge and
reduce uncertainty

Sound scientific evidence will need to play a key role in the determination and implementation of policy
measures. Opportunities to extend and deepen the evidence base for intervention include:

e Better data quality and gathering on the quantities and concentrations of microplastics in the
environment, including broadening the scope to all relevant loci of concern (e.g. marine and
freshwaters, air, soil, sediments, aquatic and marine species and the human body);

e Improved understanding of the concentration levels at which adverse health effects occur;

e Development of risk assessments and forecasting on the hazards posed to humans and
ecosystems. Further research is particularly required to assess risks in realistic environmental
concentrations, as well as to close existing knowledge gaps with regards to the fragmentation of
plastics and the hazards posed by smaller microplastics and nanoplastics;

e Improved understanding of the quantities and release mechanisms for textile- and tyre-based
microplastics release, also including industrial emissions, end-of-life leakage and other relevant
stages of the use phase (e.g. wearing and drying of garments)

e Research and development of mitigation technologies and best practices implementable at
different stages of the product lifecycle, from manufacturing to end-of-pipe measures for
stormwater and wastewater; and

e Improved evaluation of the relative cost-effectiveness of the mitigation measures available along
the lifecycle of products.

There is also a need to support to the identification, development and assessment of mitigation
technologies and best practices along the lifecycle of products. At the manufacturing stage, further efforts
are required to develop innovative textiles and vehicle tyres that undergo lower abrasion, without
compromising on other relevant characteristics. Further research is also required to develop best practices
and technologies for the design and manufacturing of complementary products (e.g. washing machines
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and laundry detergents) and infrastructure (e.g. roads and roads) which cause lower product abrasion and
mitigate MP generation. At the use stage, further research is required to assess the mitigation potential
best practices and technological solutions that have been identified as well as of the possible entry points
for their implementation (e.g. household vs commercial or industrial washing machines). At the end-of-pipe
stage, further research is required to assess the effectiveness of available options to reduce microplastics
in stormwater and wastewaters. Overall, there is a need to perform evaluations of the relative cost-
effectiveness of mitigation measures available to inform intervention action.

In order to accelerate research and perform robust risk assessments, it will be crucial to agree on common
definitions, standardise and harmonise data types and share existing information. Currently, the use of
different methodologies and definitions makes it difficult to compare and aggregate findings and constitutes
a vast bottleneck in several fields of action. International and interdisciplinary cooperation and information
sharing will be key enablers the advancement of research and to the standardisation and harmonisation
of test methods. Further, the development of common databases to establish cross-border access to
harmonised data can reduce time and costs associated with documenting robust policy decisions at
national and international levels.

In particular, the following list of recommendations can facilitate methods harmonisation and international
collaboration:

e Agreeing on common definitions and methods to sample and analyse microplastics in the
environment and to report results on adverse health effects on ecosystem and human health.

e Defining common and harmonised standards for microfibre shedding and tyre tread abrasion.
Currently, the lack of standardised test methods to measure microplastics shedding poses a key
barrier to research and mitigation. As outlined in Chapter 4, ongoing efforts and stakeholder
collaboration to establish standardised and harmonised test methods for microfibre shedding and
tyre tread abrasion will be crucial to accelerate research and enable the implementation of
mitigation measures such as minimum standards and labelling and information schemes.

e Defining uniform protocols to measure and evaluate the effectiveness of mitigation technologies,
including standardised criteria to assess the effectiveness of different stormwater treatment
infrastructure to retain TRWP.

e Developing standardised measurement procedures for the sampling and analysis of microplastics
in different environmental media (e.g. TRWP, MP in wastewaters and stormwater)

e Establishing international databases and information exchange platforms to improve accessibility
to available knowledge, exploit synergies across different projects and accelerate research.

e Improving accessibility on best manufacturing practices and technologies to prevent information
asymmetries and enable industry to develop and implement mitigation measures

e Promoting international and interdisciplinary collaboration. The promotion of international and
interdisciplinary collaboration will be a key enabler for the objectives outlined above, in particular
to accelerate research, establish cross-border access to standardised data and inform policy
responses. Existing voluntary initiatives to establish stakeholder platforms should be sustained to
facilitate the dissemination of knowledge in the long-term.

5.3. Opportunities to exploit synergies with other environmental policy objectives

Given the significant trade-offs and often high costs involved, it is unlikely that microplastics pollution alone
will drive policy decisions. As outlined in earlier parts of the report, a strategic way of addressing the issue
of microfibres and tyre-based microplastics could consist of seeking out and valuing co-benefits with other
environmental, climate, human health, or safety policy areas while not compromising progress on
microplastics mitigation. Where other policy objectives drive investment and policy decisions, there may
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be scope for integrating microplastics into existing frameworks to achieve pollution reduction at a low-cost.
There are also several cases of “no-regret” policy opportunities, where mitigation action for microplastics
pollution either comes as a co-benefit of measures in other policy areas, such as in the case of the
reduction of total transport volumes, or bears low costs and low risk for unintended consequences, which
could be the case of new technological innovations in the production of textiles, tyres and complementary
products. Drawing from the analysis of Chapters 2-4, the following paragraphs outline key opportunities to
prioritise synergistic and/or low-cost microplastics mitigation interventions along the lifecycle of textiles
(Section 5.3.1) and tyres (Section 5.3.2) and at the end-of-pipe stage (Section 5.3.3).

5.3.1. Textile and apparel sector

Several potential synergies exist between actions to mitigate microplastics pollution from textiles and
actions aimed at prompting a transition towards a more circular textile sector. Crucially, fibre shedding
reduces the serviceability of garments, so practices aimed at reducing fibre release generally also
contribute to enhancing the durability of textile products. Given the high environmental impacts associated
with the lifecycle of garments and the current linear nature of textile value chains, there is a strong case
for embedding microfibre mitigation measures into sector-specific policymaking for the textile and apparel
sector.

In general, a holistic approach to the mitigation of textile microfibres is required in order to also take into
consideration potential trade-offs with other environmental impacts (e.g. climate impacts, land use,
chemicals use and water pollution, resource use) and risks for potential burden-shifting. Notably, as
discussed in Chapter 2, there is a strong case for focusing interventions which reduce shedding rather
than substituting away from synthetic fibres in textile and apparel manufacturing, given that the production
of cellulose-based fibres can bear significant environmental and climate impacts and that cellulose-based
microfibres are abundantly present in the environment.

In particular, the following strategic measures are proposed and detailed in Table 5.2:

e Promoting cross-industry collaboration and dialogue between the textile sector and other
stakeholders, in particular to gain a clear understanding of where and how releases occur and
share best practices for microfibre mitigation to inform intervention.

e Curbing fast fashion trends, in particular promoting higher quality and longer lasting textiles/clothing
and the higher uptake of circular business models, via consumer education, awareness-raising
initiatives, incentives for eco-design and voluntary action.

¢ Mandating minimum eco-design standard requirements in line with the sustainable production and
consumption of textiles. Further regulation targeting the microfibre shedding tendency of products
can be considered once measurement standards are agreed upon.

e Requiring or encouraging greater transparency from brands over the products they manufacture
or sell, for instance via mandatory or voluntary standardised eco-labelling schemes including the
microfibre shedding rate along with a number of relevant environmental and climate parameters.

e Sharing responsibility for microfibre mitigation across all relevant stakeholders and mitigation entry
points, for instance by including parameters relevant for microfibre pollution into minimum
performance standards for household, commercial, or industrial washing machines.

e Promoting international-level voluntary initiatives and targets along the textile and apparel supply
chain to promote sustainable production and consumption practices in the sector. Although
microfibre mitigation options are not yet envisioned in existing best practices and guidelines for
industry action, Responsible Business Conduct and Due Diligence initiatives (see Section 4.3.1)
can also contribute to improving sustainability during production, preventing industrial emissions
and fostering stakeholder dialogue and engagement.
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e Promoting research and innovation to develop fibres and fabrics with a lower tendency to shed
microfibres and a lower environmental impact overall. Once standardised measurement standards
are available, it is recommended to incorporate the issue of microfibre shedding into life-cycle

assessments for textiles (Sandin, Roos and Johansson, 20192)).

Table 5.2. Selected mitigation measures for the reduction of microplastics pollution from textiles

Mitigation measure

Relevant stakeholders [key co-benefits with other policy objectives]

Possible policy instruments

Governments, industry,
research organisations

Strengthen knowledge of the factors which influence
microplastics release, identify hotspots, identify and

é’ assess mitigation best practices and technologies ) ) ) )
3 Suoport the devel t of standardised and Necessary interventions for the introduction of
a pport fhe development of standardisea anc. subsequent policy measures
] harmonised test methods for microfibre shedding quent policy
(&) . . . P
Promote international and interdisciplinary
cooperation
Industry, government Eco-design of fibres and textiles o Minimum standards, certification systems and
o Research and innovation on fibres, with labelling schemes
assessment of fibres over their full life cycle for o Inclusion of additional requirements into industrial
2 unintended consequences licences, e.g. via BAT-based approaches
% o Elimination of harmful substances o Regulatory instruments to prevent the emission of
8 [lower toxicity overall] intentionally-added microplastics (e.g. in laundry
s o Adoption of available best design and detergents)
S manufacturing practices
§ o Adoption of best practices to mitigate industrial
2 emissions
a Eco-design of complementary products (laundry
detergents, washing machines)
o Research and innovation to minimise emissions
of microplastics
Consumers, Textile and = e Reductions in textile (production and) o Consumer awareness campaigns
Apparel industry, consumption e Provision of consumer-oriented information (e.g.
Government » Adoption of best practices for maintenance and via labelling schemes)
@ care [higher durability of garments, lower waste « Research initiatives to inform the assessment of
- generation] different mitigation entry points for filtration devices
o |dentification of hotspots for microfibre emissions (i.e. household vs commercial and industrial level).
o Development and assessment of the cost-
effectiveness of mitigation technologies
Industry, solid waste o Reductions in textile waste generation o Larger adoption of separate collection schemes for
@ utilities, municipalities e Separate collection of used garments used textiles
% and government [opportunities for reuse and recycling] o Requiring brands/industry to take responsibility for
-g o |dentification of best practices for the their products at end-of-life, e.g. via targets, taxes,
w recycling/reuse of garments without a higher or EPR schemes

burden on MP pollution

Note: End-of-pipe mitigation measures are presented separately in Section 5.3.3
Source: Author’'s own elaboration

5.3.2. Tyre and road transport sector

Mitigation of microplastics generated during road transport activity offers several key interlinkages and
synergies with climate, transport and air pollution policies. As outlined in Chapter 3, TRWP emissions may
be reduced via ongoing efforts to reduce overall transport volumes and shift towards sustainable modes
of passenger and goods transport. Policies supporting the wider uptake of eco-driving practices, generally
aimed at improving safety, reducing GHG emissions and mitigating the impact of road transport on air
quality, may also contribute to reducing the emission of TRWP into surface waters. Similarly, policies aimed
at reversing trends towards heavier vehicles can reduce fuel consumption, mitigate the impact of road
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traffic on air quality, while contributing to TRWP mitigation. Despite the numerous co-benefits, as the
example of the electrification of the vehicle fleet shows, climate and transport policies will not automatically
translate into reductions in tyre wear, which suggests that specific policy action is required in order to adapt
existing measures to ensure that these also address microplastics pollution.

In particular, the following strategic measures are proposed and detailed in Table 5.3:

e Promoting cross-industry collaboration and dialogue between the tyre manufacturing sector and
other relevant stakeholders (e.g. road infrastructure developers, vehicle producers, water sector);

e Introducing mandatory labelling schemes for tyre tread abrasion, along with a number of other
relevant environmental and safety parameters;

e Mandating minimum performance standards for tyre tread abrasion and road surfaces;

e Promoting reductions in passenger vehicle use and shifts towards more sustainable transport
modes by guiding policy and infrastructure investment with a focus on accessibility, to reduce fuel
consumption, mitigate the impact of road traffic on air quality and contribute to TRWP mitigation,
in addition to other well-being goals;

e Seeking out and valuing co-benefits with policy measures aimed at reducing exhaust and non-
exhaust emissions and their toxicity, for instance via vehicle light-weighting, regulations on tyre
composition, measures aimed at managing traffic flows (e.g. speed limits) and the uptake of
available mitigation technologies (e.g. advanced driver-assistance systems) (OECD, 2020)); and

e Sharing responsibility for TRWP mitigation across all relevant stakeholders and mitigation entry
points, while prioritising intervention as close to the source as possible. Possible interventions
include mandating the improved design and maintenance of road pavements, incentivising the
production of lighter vehicles, or fostering research on the impact of road markings.

Table 5.3. Selected mitigation options for the reduction of microplastics pollution from tyres

Mitigation measure

Relevant stakeholders [key co-benefits with other policy objectives]

Possible policy instruments

Governments, industry,
research organisations

Strengthen knowledge of the factors which influence
microplastics release, identify hotspots, identify and

-§ assess mitigation best practices and technologies ) ) ) .
3 Standardise and harmonise test methods for tvre Necessary interventions for the introduction of subsequent
2 . } y licy measures
] tread abrasion and road surface abrasion policy
© Promote international and interdisciplinary
cooperation
Industry, government, Eco-design of fibres and textiles Minimum standards, certification systems and labelling
municipalities « Research and innovation on tyre and road eco- schemes (e.g. including tyre tread wear into existing
design in line with lower wear rates, without labelling schemes)
o compromising on other desirable characteristics Regulations on the content of tyres and other
£ o Avoidance of hazardous substances to reduce complementary products (e.g. road markings)
g toxicity Disincentivising to car manufacturers (and consumers)
§ Eco-design of complementary products (roads, the production (purchase) of heavier vehicles
£ vehicles) Promotion and/or mandating of the implementation of
% o Research and innovation on roads and pavement tyre pressure monitoring systems in vehicles
s surfaces to minimise emissions of microplastics,
§ without compromising on other desirable

characteristics

o Reductions in vehicle weight
[lower fuel consumption and GHG emissions,
lower air pollution, lower noise pollution]
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Relevant stakeholders

Mitigation measure
[key co-benefits with other policy objectives]

Possible policy instruments

Consumers, Industry,
Government,
Municipalities

(0]

(72

o
Industry, municipalities,
government, sport

@  pitches operators

%

©

f=

L

o Reductions in transport volumes

[lower fuel consumption and GHG emissions,
lower air pollution, lower noise pollution]
Larger uptake of eco-driving practices

[lower fuel consumption and GHG emissions,
lower air pollution]

Larger uptake of regular maintenance of tyres
and vehicles

[higher safety, lower fuel consumption and GHG
emissions, higher tyre durability]

Identification of hotspots for TRWP emissions
Adequate regular maintenance of roads

Separate collection of waste tyres

[opportunities for material recovery]

Identification of best practices for the mitigation of
microplastics release from tyre material recovery
applications (e.g. artificial sport turfs)

Further investigation and adoption into best
practices for the reuse of tyre material without a
higher burden on microplastics pollution

o Transport policies to reduce overall road transport km

distance travelled and encourage shifts towards more
sustainable transport modes

Promotion of policies to reduce speeds and congestion
(e.g. implementing or lowering speed limits)
Consumer awareness campaigns

Provision of consumer-oriented information (e.g.
speed, fuel consumption) via driver assistance systems
Restrictions on uses of tyres which lead to high
unintentional releases (e.g. studded tyre restrictions)
Inclusion of wheel alignment checks in mandatory
regular car inspections

Research initiatives to inform the assessment of
different mitigation entry points for filtration devices (i.e.
household vs commercial and industrial level).
Implementation of separate collection schemes for
ELTs where these are not already present

Requiring industry to take responsibility for their
products at end-of-life, e.g. via targets, taxes, or EPR
schemes

Incentivising the larger adoption of best practices for
the maintenance of sport pitches to prevent the
leakage of rubber granulate

Note: Author’s own elaboration

5.3.3. End-of-pipe capture

At the end-of-pipe stage, two main sets of mitigation measures exist: improvements in wastewater
treatment to retain microfibres present in sewage and improvements in the management of stormwater
runoff and road dust to treat diffuse microplastics. In both cases, identifying and valuing co-benefits with
other pollutants will be key to improving the end-of-pipe capture of microplastics.

At the level of wastewater treatment, policy options may be limited as costly decisions on the design and
operation of WWTPs will not be driven by microplastics pollution alone and sludge management remains
an issue. Several policy options exist to finance WWTP upgrades and these are being considered notably
to address pollutants of emerging concern (OECD, 20194). Similarly, implementing measures to reduce
diffuse water pollution, improving the management of road runoff and preventing the discharge of untreated
stormwater into water streams may contribute to reducing the impact of several pollutants on freshwater
quality, in addition to also preventing the direct discharge of microplastics (and larger plastic items) into
water bodies.

Some key priorities for action are to:
e Further assess the microplastics mitigation effectiveness of available end-of-pipe technologies,
differentiating by MP type and shape and including TRWP and smaller microplastics;
e Standardise and harmonise analytical techniques for microplastics in wastewater and stormwater;
e |dentify hotspots for stormwater and road runoff (e.g. trafficked roads) and for sewage influents;

e Further evaluate the microplastics mitigation effectiveness of options to develop and/or improve
existing stormwater infrastructure to address a range of diffuse water pollutants;

e Consider the implementation of measures targeting road dust, such as effective street sweeping
and street washing, especially by prioritising hotspot areas; and
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e Consider the implementation of road-side capturing technologies for TRWP (e.g. gully pots), green
infrastructure and nature-based solutions (e.g. wetlands) which can also be effective at removing

other diffuse pollutants (e.g. nutrients) and adequately maintain existing infrastructure.
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Glossary

Biodegradation
Degradation
End of Life Tyre (ELT):

Microplastics
Nanoplastics
Non-exhaust emissions

Primary/secondary
microplastics

River catchment area
Road dust

Road runoff
Rubber granulate

Stormwater runoff
Toxicity

Tyre and Road Wear
Particles

Tyre tread
Value chain
Waste mismanagement

Biological process of organic matter, which is completely or partially converted to water, CO2/methane, energy and
new biomass by microorganisms (bacteria and fungi).

The partial or complete breakdown of a polymer as a result of e.g. UV radiation, oxygen attack, biological attack. This
implies alteration of the properties, such as discolouration, surface cracking, and fragmentation

A tyre that can no longer serve its original purpose (including on a passenger car, truck, two-wheel, airplanes, as well
as off-road tires). This excludes used tyres that are retreaded, reused, or exported in used cars.

Solid synthetic polymer particulates with a size < 5 mm.
Solid synthetic polymer particulates with a size < 1 or < 100 um

Non-exhaust emissions are particle emissions from road traffic consist of airborne particulate matter (PM) generated
by the wearing down of brakes, clutches, tyres and road surfaces, as well as by the suspension of road dust.

Primary microplastics are manufactured at the micro scale to be used in particular applications.
Secondary microplastics stem from the fragmentation of larger plastics
A catchment area is any area of land from which precipitation waters flow into a river.

Road dust is composed of all particles found on a road. It may consist of particles from road wear (road surfacing
and markings), vehicle wear (e.g. brake pads, tyres, and studs), vehicle emissions, atmospheric deposition, and
other particles, including organic materials from nearby vegetation that settle on the road.

The portion of precipitation which flows from road surfaces

Rubber particles generally manufactured from ELTs as well as from rubber derived from other sources (e.g. virgin
elastomer alternatives such as EPDM rubber and TPE), intended to be used in a variety of industrial applications.

Precipitation that flows over the ground, usually also transporting pollutants deposited on surfaces.
Inherent property of being poisonous or harmful to plant, animal or human life

Particles emitted due to the friction occurring between the vehicle tyres and the road surface, during normal use of
tyres. These are composed of a mixture of tyre tread material (e.g. synthetic and natural rubber, silica, oil, carbon
black, sulphur compounds, zinc oxide) and road pavement material. Other mineral particles originating from road
surfaces or contained in road dust may be present in samples collected in the environment.

The portion of the tyre that comes in contact with the road surface.
A very large-scale business process that results in the delivery of a process or service to a customer.
Waste that is either littered or inadequately disposed of.
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Policies to Reduce Microplastics Pollution in Water
FOCUS ON TEXTILES AND TYRES

Microplastics are ubiquitous in the natural environment. This report synthesises the current state of knowledge
on the sources, fate and risks of microplastics pollution. It then focuses on two sources of microplastics
pollution, textile products and vehicle tyres, due to their substantial contribution to global microplastics
emissions and currently largely absent policy frameworks to mitigate them.

Several best practices and technological solutions can be implemented along the lifecycle of textile products
and vehicle tyres to mitigate releases to the environment. The report proposes policy insights on measures
and strategies that could help minimise microplastics emitted unintentionally from products and their potential
impacts on human health and ecosystems.
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