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Microplastics: Pathways, Impacts, and the Eyewear Industry’s Role
An analysis of scientific literature on microplastics and its effects on alpine ecosystems

Introduction:

Microplastics nowadays contaminate nearly all habitats, from high-mountain regions through river systems to remote
marine depths. Large-scale industries, including the spectacle lens industry, significantly contribute to this pollution
via unsustainably managed waste'. Launched to address this issue in Alpine areas, the Interreg VI-A Italia-Osterreich
2021-2027: MICRO-ALPS project uses the eyewear industry - specifically grinding processes - as a model to identify
sources of microplastic pollution, to investigate the particular circumstances of the spectacle lens industry, and to
explore potential microplastic recovery solutions?.

This flyer, developed in the context of MICRO ALPS, summarizes the situation in Alpine environments, highlights
environmental and industrial challenges, and proposes mitigation and more sustainable solutions.

Microplastics in the Environment:

Global plastic waste reaches 400 million tons annually; only 9% is recycled, 12% is incinerated, and 79% accumulates
in nature 34, Exposed to light, mechanical abrasion, waves, and temperature shifts, plastics fragment into microplastics
(1 um=5 mm) and nanoplastics (<1 um)®€. These particles adsorb toxins, spread globally - from Mount Everest to
Antarctica - and pose ecological and human health risks, potentially linking to chronic diseases”°.

Microplastics which result from the degradation of larger plastic items are categorized as secondary microplastics.
Microplastics intentionally produced for applications such as cosmetics or industrial abrasives are categorized as
primary microplastics. The former represents the globally dominant source, arising from packaging, textiles, tires, and
other consumer products®.

Microplastics contaminate diverse ecosystems worldwide, including remote Alpine, freshwater, and polar ecosystems
510, Snow efficiently scavenges airborne microplastics which is why fibers and fragments are deposited in high-
mountain areas, consisting mainly of polyethylene, polyester, polypropylene and polystyrene®'. Glaciers and sea ice
act as temporary sinks, releasing stored particles during melt periods™. Even isolated Alpine lakes contain
microplastics in sediments and organisms, with relatively high concentrations often linked to tourism and local human
activities''®14, Also, in multiple amphibian species, even where surrounding water and sediments were
uncontaminated, studies highlighted the contamination from microplastics through ingestion on land's. Hereby, a
study by Pastorino et al. 2020 investigating newts and common frogs found microplastics in all examined adults,
dominated by textile fibers linked to tourist and technical clothing, along with PE and PET fragments from packaging
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and adhesive materials'>'®, Broader surveys along river systems revealed diverse microplastic types, with road-wear
particles as the most abundant'. In polar regions, too, microplastics are present from surface waters - with
unexpectedly high concentrations - to the seafloor®.

The question emerging is: How do nano- and microplastics even get into these remote zones?

Aerial transport and wet deposition of microplastics dominate in all ecosystems, where rain and snow bind airborne
micro- and nanoplastics®. Studies from high-mountain regions, for instance, demonstrate that melted high-mountain
surface snow contains high values of nanoplastics (mostly PP and PET) from long-range atmospheric transport from
urban and industrial regions'®. Additionally, the presence of local activities represents a relevant source of
microplastics, as a study by Crosta et al. 2022 in the Central Italian Alps points out. For example, through the breakage
and/or fragmentation of outdoor personal equipment (e.g., skis, boots, helmets and technical clothing) and dispersed
plastic items (e.g., gates and food packaging), as well as the degradation of materials and equipment used on ski
slopes'®. Beyond the sources outlined above, microplastics identified in rivers are derived primarily from laundering-
related fibers, wastewater effluent, and atmospheric deposition?°.Microplastics therefore either end up directly in
nature or, in most cases, are transported over long distances through various ecosystem components.

While these studies provide important insights into sources and transport pathways of microplastics, methodological
challenges remain that limit data comparability and interpretation: the equipment contaminates samples with fibers,
particles below detection limits challenge characterization, and differences in measuring methods, sample site
variability and sample treatment protocols hinder comparisons among studies’®?’.

Lens Grinding and Wastewater in the Eyewear Industry:

The spectacle lens industry contributes to the occurrence of microplastic in the environment through unsustainably
managed wastewater containing microplastics from the lens-grinding processes'. 20 liters of water — soon to be
wastewater - are required for each pair of eyeglass lenses. Lens-grinding in optical stores produces high material losses,
with up to 50 % of the original lens mass becoming waste, corresponding to an estimated 5,800 tons of released plastics
peryear ending up in the environment. A fraction of this material enters wastewater in the form of fine plastic particles?2.
The study of Lee et al. 2021 estimated that lens-grinding wastewater has a concentration of 1380-62,539 mg MPs and
0.0136-0.0324 mg NPs per liter of wastewater. This wastewater contains not only MPs and NPs but also hazardous
substances such as heavy metals, bisphenol A (BPA), phthalates, volatile organic compounds (VOC) and fluorinated
compounds, which pose ecological and human-health risks??23,

Filters for removing microplastics from the water used in the grinding process are already available on the market and,
according to a survey conducted as part of the Micro Alps project, are already being used by some opticians and optical
lens manufacturers. However, the use of such filters is based solely on the voluntary initiative of the companies, as
there are currently no legal regulations requiring their implementation. As a result, both the amount of microplastics
generated during the grinding of spectacle lenses and the quantity that actually enters the wastewater unfiltered remain
unknown.
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Mitigation and Circular Economy Strategies:

Common solutions, applicable for large scale industries as well as the eyewear industry in specific, combine
management and technical approaches??.

On the management side, raising awareness and stricter regulations are key to protecting alpine ecosystems. This
includes stricter wastewater control at the EU level - where comprehensive and binding regulations are still lacking -
and awareness campaigns. Apart from the spectacle lens industry, a shift towards sustainability is also required in the
tourism sector. A holistic approach is needed to tackle the problem, for which cooperation between all authorities is
important”-'322,

From a technical perspective, continued monitoring of micro- and nanoplastics across environmental compartments
remains essential to keep an eye on pollution levels as well as the continuous research and development of innovative
solutions to prevent microplastic release into the environment and to transform waste streams into valuable resources.
Within this context, the EU-project MICRO-ALPS explores how circular economy approaches could be applied to
residues from lens grinding, with effective filtration of micro- and nanoplastics from wastewater as a key first step (more
information about the project).

While true closed-loop recycling is challenging due to the complex and variable composition of lens materials,
alternative recycling pathways such as downcycling already exist in other sectors. Although specific regulations for
micro- and nanoplastics in wastewater are currently lacking, the eyeglass lens industry has the opportunity to take a
leading, proactive role in the prevention of microplastic release into the environment. By implementing filtration
solutions and exploring recycling options together with partners, the industry can contribute to environmental
protection while strengthening its preparedness for future regulatory developments.
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