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Abstract
Microplastic synthetic fibre pollution from textile products has been a key focus of environmental
research since themid 2000s, with numerous investigations establishing their ubiquity in natural
systems and the ecological threats they pose. Natural and semi-synthetic fibres, however, have
been largely ignored due to assumptions of their negligible environmental impact and rapid
degradation due to their natural material sources. There is, however, growing evidence of
widespread pollution by natural and semi-synthetic microfibres, especially in aquatic environ-
ments, at levels equivalent to or exceeding those observed for synthetic microfibres. Difficulties in
reliable identification and detection ofmicrofibres in environmental samples has limited our
knowledge and understanding of their presence, abundance and impacts; yet investigations into
the ecological threats posed by these fibres suggest similar or even greater negative impacts on
organisms than their synthetic counterparts. Here we briefly summarise the state of this emerging
field and stress the importance for future research to focus on quantifying and assessing the
threats posed by natural and semi-synthetic microfibre pollution alongside those from synthetic
fibres.

Anoverlooked pollutant

Synthetic fibres (e.g., polyesters, polyamides)were first introduced in the 1930s and have since beenwidely used
in the textile industry. Scientific research has established thewidespread pollution of aquatic and terrestrial
environments by synthetic fibres, raising concerns among the public and scientific community about their
potential to cause harm (Wright et al 2013, Acharya et al 2021).

Despite the rapid growth ofmicroplastic andmicrofibre research in recent years, the environmental
presence of natural (e.g. wool, cotton, silk) and semi-synthetic fibres (e.g. polymers based on regenerated
cellulose such as rayon or lyocell) have often been overlooked. This oversight is likely due to the assumption that
their perceived natural origins negate any potential impact theymay have, or because themethodologies used
(often designed for synthetic plastics analysis) have prevented their detection and led tomisidentification
(figure 1) (Stanton et al 2019). Consequently, natural and semi-synthetic fabrics are being increasingly viewed as
sustainable alternatives with negligible environmental impact, but unbiased scientific evidence is not conclusive
of that.
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Theneed for clear anduniversal definitions

Over the last decade there has been a shift in focus infibre research, withmore studies such as Stanton et al
(2019), Volgare et al (2022) andDehhaghi &Pardakhti (2023) reporting the presence and high proportion of
natural and semi-synthetic textilefibres as components ofmicroplastic pollution in the environment. Still, there
is a lack of understanding of the behaviour and impact of natural and semi-synthetic fibres andwhether these
fibres should even be classified as ‘natural’. Stanton et al (2024)noted how some ’natural’ textile fibres cannot be
classified as such, due to the extensive chemical processing duringmanufacturing of the polymer itself (table 1).
Switching from synthetic to natural and semi-synthetic fabrics has the potential to ‘greenwash’ both the industry
and consumers, due to a lack of transparency regarding the chemicals usedwithin textile production, and the
assumption that natural fibres readily degrade into harmless constituents (Delmas&Burbano 2011). Here, we
call for further research and the need for collaboration to help us understand the potential environmental
impact of thesefibres and their associated chemicals.

The overlooked threat of chemical additives

Throughout the production of textiles, a range of chemicals are utilised, which are referred to as chemical
additives (Athey et al 2022). Natural, semi-synthetic and synthetic fabrics are subjected to chemical processing to
increase functionality and improve performance. For instance, flame retardants, used to reduce flammability of

Table 1. Literature definitions of synthetic, natural, and semi synthetic fibres.

Term Definition

Synthetic Fibre Composed of polymers produced entirely from anthropogenic sources,most generally frompetroleumbyproducts

(Saba and Jawaid 2017).
Semi-Synthetic Fibre Derived fromnaturalmaterials that have been reconstructed, generally bymanufactured synthetic substances

(Sulakhe 2022).
Natural Fibre Composed of purely naturalfibrous sources, such as plant, animal ormineral fibres (Majid et al 2020).

Figure 1.Electronmicrograph of commonmicrofibres: a) Synthetic PET, b/d) semi-synthetic rayon/ lyocell (regenerated cellulose),
c) cotton.Due to the small size ofmicrofibres, identification using spectroscopic or visual techniques can lead tomisidentification or
missed observations.
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certain fabrics, are added in the formof halogenated compounds such as chlorinated paraffins or
polydecabrominated diphenyl esters which have been linked to neurotoxic effects across a range of organisms
(Xue et al 2023). To create resistance and improve dye fastness, silicone-based softeners and formaldehyde-
based resins are added to fabrics, which have been shown to bioaccumulate and be carcinogenic (Ji et al 2024).
Several bisphenols (i.e., BPA, BPB) and benzophenones are used in the textile industry as coatings forUV
stabilisation, asfinishing agents to increase durability and in themanufacturing of dyes (European Environment
Agency 2024).Meanwhile, BPA is classified as a hazardous chemical within the EU, andGermany suggests the
use of BPB should be restricted (European Environment Agency 2024). Furthermore, it has been identified that
woolfibres can have a higher concentrations of bisphenols and benzophenones compared to polyester fibres,
thus highlighting the need for further research into the potential release of chemicals fromnon-synthetic fibres
and otherfibre types, with specialised interest into natural and semi-synthetic fabrics (Sait et al 2021).Moreover,
the precise composition, concentration, and chemical cocktail of the additives usedwithin clothing production
(and associated releasedmicrofibres (Browne et al 2011) are largely unknown. This lack of transparency
complicates the risks to aquatic and terrestrial ecosystems associatedwith exposure to chemically laden
microfibres.

The ecological implications of natural and semi-syntheticfibre pollution

The ecotoxicological consequences of ‘natural’ and ‘semi-synthetic’ textile fibres have not been extensively
investigated, with only a handful of studies exploring their impact on biota. Ingestion offibres has been
demonstrated to influence the development of juvenile invertebrates exposed to cottonmicrofibres (Dos Santos
et al 2024, Siddiqui et al 2023,Walkinshaw et al 2023), and ingestion of rayonmicrofibres increased oxidative
stress, altered the gutmicrobiome and reduced enzyme activity withinmussels (Mytilus coruscus) (Jiang et al
2024). Détrée et al (2023) demonstrated that themorphology of wool and cotton, combinedwith the chemical
additives associatedwith them, triggered oxidative stress and perturbed digestive function in oysters (Crassostrea
gigas), higher than those exposed to synthetic fibres. This could stem from themore rapid degradation of natural
and semi-synthetic fibres compared to synthetics, then release additives at a higher concentration over a shorter
timescale. To date, the physical effects offibremorphology and the chemical effects associatedwith their
additives have not been fully researched. It is also unclear as to how the presence and degradation of natural and
semi-synthetic fibresmay contribute to the occurrence, persistence and bioavailability of chemical additives in
the environment. Future research should focus on quantifying and characterising the effects of natural and semi-
synthetic textile fibres and their associated additives on the overall health and functioning of organisms, as well
as how additivesmay influence the breakdown of thesefibres and their persistence.

Natural and semi-syntheticfibres, a sustainable alternative or additional challenge?

Although natural and semi-synthetic fibres are often perceived as sustainable alternatives to plastic, we urge that
further research is needed to understand their potential environmental impact.Whilst it has beenwell
established that synthetic fibres persist in the environment andmay cause negative ecotoxicological effects, the
effects of natural and semi-synthetic fibres are still largely unknown. A current gap in the scientific literature
between the residency offibres and their associated additivesmust be further explored, Therefore, caution is
advisedwhen considering natural textiles as safer alternatives to synthetic polymers, and further research is
needed to fully understand the environmental impacts throughout their lifecycle, frommanufacture to disposal,
relative to synthetic textiles.
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