POLITECNICO DI TORINO
Repository ISTITUZIONALE

Microplastic and Microfibre Pollution in Greenland Surface Ice: A Preliminary Study

Original
Microplastic and Microfibre Pollution in Greenland Surface Ice: A Preliminary Study / Balestra, Valentina; Akyildiz, Sinem
Hazal; Wadhams, Peter; Bellopede, Rossana. - In; WATER. - ISSN 2073-4441. - 18:7(2026), pp. 1-14.

Availability:
This version is available at: 11583/3009889 since: 2026-04-15T09:10:32Z

Publisher:
MDPI

Published
DOI:

Terms of use:

This article is made available under terms and conditions as specified in the corresponding bibliographic description in
the repository

Publisher copyright

(Article begins on next page)

25 April 2026



0 water
]

Article

Microplastic and Microfibre Pollution in Greenland Surface
Ice: A Preliminary Study

Valentina Balestra 1'2*(®, Sinem Hazal Akyildiz 2(), Peter Wadhams 234

W) Check for updates

Academic Editor: Grzegorz

Natecz-Jawecki

Received: 5 February 2026

Revised: 15 March 2026

Accepted: 23 March 2026

Published: 1 April 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

and Rossana Bellopede 2

Department of Agricultural, Forest and Food Sciences, University of Turin, 10095 Grugliasco, Italy
Department of Environment, Land and Infrastructure Engineering, Politecnico di Torino, 10129 Turin, Italy;
sinem.akyildiz@polito.it (S.H.A.); pwll@cam.ac.uk (P.W.); rossana.bellopede@polito.it (R.B.)

Department of Applied Mathematics and Theoretical Physics, University of Cambridge,

Cambridge CB2 1TN, UK

4 XE Scientific Committee Extreme E Ltd., London W6 8DA, UK

*  Correspondence: valentina.balestra@unito.it

Abstract

Microplastics (MPs) and microfibres (MFs) are widespread contaminants that are found
in natural environments worldwide. Although their presence has been documented in
Arctic snow, sea ice and marine systems, data on their occurrence in Greenland glacier
surface ice remain limited. Because of their small size, persistence, and mobility, MPs and
MFs pose significant risks to both habitats and species, reaching even the most remote
areas. Monitoring these environments is crucial for assessing the extent of pollution,
while dissemination activities are essential for transferring scientific knowledge to local
communities and fostering active engagement in adopting sustainable behaviours. A
preliminary survey was conducted on a glacier in Greenland, collecting samples along the
routes travelled by the Extreme E staff during the electric off-road racing series expedition
in the region. Preliminary results confirmed the presence of MPs and MFs in the study area
with high abundances. Fibrous and small-sized microparticles were the most prevalent
types detected. The most common synthetic material was polyethylene terephthalate (PET),
while natural and regenerated MFs were predominantly cellulosic. A deeper understanding
of MP and MF contamination in extreme environments was achieved, highlighting the
importance of environmental education and public awareness as key tools in mitigating
pollution and promoting sustainable strategies. The integration of different sectors can
synergistically promote sustainability efforts and address the urgent challenges of climate
change and environmental pollution.

Keywords: microplastics; microfibres; pollution; Greenland; surface ice; Extreme E

1. Introduction

Microplastic (MP) pollution has emerged as a critical environmental problem that
affects ecosystems worldwide. The widespread use of plastic materials, driven by their
durability, chemical resistance and low production costs, has led to a dramatic increase in
plastic production in recent decades. However, the same properties make plastic debris
highly persistent in natural environments. Their tiny size and different shapes allow them
to disperse efficiently over long distances [1,2]. MPs can be assimilated by a wide range of
organisms, entering the trophic networks and posing serious risks to ecosystems and human
health [3-9]. In addition, MPs can act as vectors for other environmental contaminants,
such as pesticides, flame-retardant Bisphenol A, persistent organic pollutants (POPs), heavy
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metals, or antibiotics, which increase the environmental risks [10-16]. After reaching the
environment through various sources, whether intentionally or inadvertently, plastic waste
breaks down into small pieces via physical, chemical, or biological degradation processes.
Synthetic particles with dimensions ranging from 1 pm to 5 mm [17,18] are called MPs,
and can derive from big plastic fragmentation or may be directly manufactured with such
dimensions (e.g., care products). However, the definition is still subject to debate.

Recently, different studies highlighted concerns about microfibres (MFs) [19-29]. The
definition of MFs remains debated too, depending on the application field (environmental
pollution, textile industry, etc.) [26,30]. In the field of environmental pollution, the first
definition of MF taking into account both size and diameter and all previous MF definitions
was described by Liu et al. [31], who defined MFs as any natural or artificial fibrous materi-
als of threadlike structure with a diameter less than 50 um, length ranging from 1 pm to
5 mm, and a length-to-diameter ratio greater than 100. The term microfibre is broadly used
to describe any fibrous particle released from textiles into the environment, regardless of its
composition—whether natural, regenerated, or synthetic—or its specific textile fineness.
It is therefore crucial to distinguish this general usage from fibrous microplastics, which
are defined more narrowly as fibres composed of synthetic polymers or those chemically
altered to be environmentally persistent [32]. To support standardization in this field,
ISO 4484-2 (2023) defines fibrous microplastics as solid polymer fibres with lengths ranging
from 300 nm to 15 mm and a length-to-diameter ratio exceeding 3 [30].

MFs mainly originated from textile production, cigarette filters, personal care products
and wet wipes [24]. Textile fibres originate from both natural and manufactured (man-
made) sources. Manufactured fibres are further divided into organic and inorganic types,
with organic fibres classified as either regenerated or synthetic. Regenerated fibres, such
as rayon and viscose, are produced by chemically processing natural cellulose-based raw
materials. In contrast, synthetic fibres like polyester and polyamide are entirely derived
from petrochemical sources, offering enhanced durability, strength, and environmental
resistance [32]. In the past, natural and regenerated MFs were often misclassified as
MPs, due to their industrial processing and colouring which visually resemble synthetic
fibres [33,34]. However, in some recent definitions of MPs, these materials can also be
included [35,36].

Recent studies raised concerns about non-synthetic microparticles, showing a preva-
lence of natural and regenerated MFs in the environment [20,27] and in the gastrointestinal
system of different animal taxa, [37,38]. Natural fibres originate from plant-based (cel-
lulosic) sources (e.g., cotton, hemp) and animal-derived (proteinaceous) materials (e.g.,
silk, wool). Regenerated fibres, such as rayon and viscose, are produced by chemically
processing natural polymers such as cellulose to form fibre structures [39]. Biodegradable
processes of natural and regenerated MFs are different to synthetic ones and represent an
accessible carbon source for microorganisms [40]. However, different copolymers are used
in textile production, combining different plastics and cellulosic materials. As MPs, MFs are
ubiquitously distributed across a range of environmental compartments [20,21,23,27,41], as
well as in numerous organisms [9,37,38,42,43]. Consequently, the importance of analyzing
MPs and MFs pollutants in the environment is increasing.

MP and MF pollution research in extreme environments, such as Arctic and Antarctic
regions [44—46], is at an early stage; therefore, any new information is fundamental. Green-
land is the largest island in the world, with the lowest population, as 81% of the territory
is covered by ice. However, previous studies highlighted the presence of MP pollution in
snow, sea ice, water column and surface sediments from across the Arctic [47-50]. Possible
sources of transport were linked to ocean currents, landfill, incinerators and atmospheric
long-distance transport [49-51].
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Public awareness and environmental education have been recognized as important
factors influencing attitudes toward plastic pollution [52]. In this context, involving so-
ciety actively in generating and sharing scientific knowledge can foster environmentally
conscious attitudes and reduce plastic pollution in the environment [53]. Environmental
education, as a result, serves as a cost-effective and impactful tool for driving social change
and developing sustainable strategies [54].

Dissemination initiatives addressing environmental issues have been more widely
implemented in schools in recent years, raising awareness and encouraging more respon-
sible behaviours among young individuals, with cascading effects on their families and
friends [54,55]. Greater public involvement in the scientific research process has developed,
for example, through Citizen Science initiatives, particularly in plastic pollution studies.
The opening of the science has successfully engaged the public, also contributing to sci-
entific publications [56,57]. Additionally, activities such as beach clean-ups and television
programmes have proven successful in educating the general public about pollution [58].
Within this context, even Extreme E, an innovative off-road racing series working in the
most remote corners of the planet impacted by climate change and pollution, has started to
highlight global issues, trying to inspire the next generation.

The series leverages its sporting platform to promote electrification, environmental
sustainability, and equality. The series” goals are to raise awareness about the impact of
climate change on some of the world’s most endangered and vulnerable environments, to
encourage the adoption of electric vehicles as a means of facilitating a lower-carbon future,
and to provide the world’s first gender-equal motorsport platform. The series is linked to
the UNICEF education program in the racing areas, supporting Greenland’s children in
understanding and tackling the climate-related issues which threaten future generations.

The championship shed light on the environmental health of the country over the
years, with melting ice sheets and glaciers being the principal result of the rising global
temperatures, suggesting that the continually increasing rate of melt water and melting ice
sheets could mean that sea levels will rise by around five metres by 2100 [59]. Moreover,
when the snow melts on the top of the Greenland ice cap in summer, the dirt embedded in
the ice remains, while the meltwater drains away. This darkens the surface, causing the ice
to melt more rapidly.

In this study, MP and MF contamination in Greenland glacier surface ice was prelim-
inarily investigated. Surface ice samples were collected one day prior to the Extreme E
race event in the region. The aim of this study was to provide preliminary baseline data
on the occurrence, composition, and characteristics of MPs and MFs in Greenland glacier
surface ice.

2. Materials and Methods
2.1. Study Area and Sampling

Extreme E raced in Kangerlussuaq, Greenland, in August 2021, during its inaugural
season. In the 2021 Arctic X Prix race location, with direction from Prof. Peter Wadham:s,
the drivers and Extreme E staff collected 86 micro-samples of surface ice (2 mL sampling
tubes) from the Russell Glacier (67°09'16.5” N 50°01'45.5” W) (Figure 1), to minimize the
weight and volumes required by the drivers. Russell Glacier (Danish: Russells Gletscher)
is located in the Qeqqgata municipality of central-western Greenland. Flowing westward
from the Greenland ice sheet (Greenlandic: Sermersuaq), its terminus lies approximately
25 km east of Kangerlussuaq. The glacier is active, advancing 25 m annually. As it is easily
accessible from Kangerlussuag, it remains a popular destination for tourists.
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Figure 1. Extreme E sampling in Greenland (photos by Extreme E/LAT Images). (A,B): Extreme E
road racing; (C,D): Extreme E after sampling on ice.

Sampling was conducted in a single session one day prior to the race event. The
selected icefield was located in the vicinity of the race area but was not part of the racetrack
and had not been subjected to racing or tourist activities. The sampling site consisted
of undisturbed surface ice, minimizing the likelihood of direct contamination associated
with the race itself. Nevertheless, given the touristic accessibility of the area, potential
contributions could be linked to broader anthropogenic activities or atmospheric deposition.

2.2. Laboratory Analysis

Samples were divided into five macro-samples for analysis (Table 1), taking into the
account the presence of visible impurities (WA: less impurities; B: more impurities), and
analyzed according to an adapted version of the process described by Balestra et al. [60].
The samples were pre-treated with a 1:1 30% HyO; solution, covered with aluminum foil,
and allowed to react under ambient conditions for ten days. Subsequently, each sample
was filtered under a vacuum pump through a 0.2 pm pore size ANODISC filter (Cytiva,
MA, USA, 47 mm diameter) then placed in glass Petri dishes, covered with aluminum foil,
and dried in an oven at 40 °C until complete dehydration was achieved.

Table 1. Table of macro-sample characteristics from surface ice of Greenland.

Macro-Samples’ Names Number of Micro-Samples Used mL
WA 15 5.5

WB 21 14

IA 15 8
1B 20 12.5

B 15 10

TOTAL 86 50

2.3. Contamination Control

Whenever possible, plastic laboratory tools were substituted with glass or metal alter-
natives and rigorous contamination prevention protocols were followed. These included
the use of nitrile gloves, cotton laboratory coats, aluminum foil coverings, and meticulous
cleaning procedures employing ethanol and MilliQ water.

The sampling tubes used were composed of pure polypropylene (PP). Despite this
polymer exhibiting low wettability, high stability and mechanical strength across a broad
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temperature range, contamination control specifically targeted toward potential PP con-
tamination on samples was performed.

Blank controls were conducted on all reagents used, including 30% HyO, (Merck,
Germany), absolute ethanol (Avantor, VWR Chemicals, PA, USA), and MilliQ) water. Blank
control on air was performed using one open pre-cleaned Petri dish during the analysis.
Once the analysis was completed, the Petri was washed with MilliQQ water and filtered
using the same procedure as the other samples. The blank correction approach adopted
in this study consisted of quantifying MP and MF contamination subtracting the blank
contribution [61]. The detected pollutants were summed and deducted from the overall
sample amounts. All chemicals and MilliQ water underwent analysis following protocols
identical to those used for ice samples. While this correction method is widely implemented
and straightforward, it adjusts only quantitative data and does not allow differentiation
between particles arising from procedural contamination and those that naturally occur in
the sample matrix [61]. Consequently, data in this study about MP and MF characteristics
remain uncorrected.

2.4. Microparticle Identification and Characterization

Microscopy coupled with spectroscopic analyses was employed to identify MPs and
natural and regenerated MFs ranging from 5 to 0.1 mm.

A preliminary microscopic screening analysis was conducted to assess the nature of the
collected materials. Particles were examined using a Leitz, Wetzlar, Germany, ORTHOLUX
II POL-MK microscope equipped with a DeltaPix, Glostrup, Denmark, Invenio 12EIII 12
Mpx camera, under both visible and UV illumination (365 nm, Alonefire, China, SV10 5W
flashlight) [27,28,60,62-65], according to strict selection criteria [66—-69]. Microparticles were
observed at 2.5x magnification, enlarged to 10x or higher magnifications for identification
and characterization. Particles that could not be confidently identified as MPs or MFs were
excluded from the analysis. Particles smaller than 0.1 mm were cut off as suggested by
the European Commission (2013) for visual identification under a microscope [69]. For
MFs, morphological comparisons were performed using longitudinal and cross-sectional
features to distinguish among natural, regenerated, and synthetic fibres [70]. Observed MPs
were categorized according to the standardized size and colour-sorting system (SCS) [66].
MFs were categorized as synthetic (MPs) or non-synthetic, encompassing both natural and
chemically processed regenerated materials.

For spectroscopic analyses, it is generally recommended that 5-10% of the particles
be routinely verified in order to confirm the reliability of the visual identification [18,71].
According to the time for analyses and the number of particles found on the filters, 40%
of random microparticles underwent uFTIR analysis using a Shimadzu AIM-9000 micro-
scope coupled with an IRTracer-100 spectrophotometer. Measurements were carried out in
ATR mode with a germanium prism across the spectral range 4000~700 cm ™!, acquiring
40 scans per sample. Atmospheric corrections were applied and spectra were compared
against the Shimadzu Lab Solution Library ATR Polymer 2 and checked by expert re-
searchers. Only spectra exhibiting match scores > 70% were considered reliable for particle
identification [71].

3. Results

MPs and natural and regenerated MFs were found in all samples. The average con-
centration of the full procedural blank was 22.6 & 0.4 items/L for natural and regenerated
materials and 0.8 £ 0.1 items/L for synthetic ones. After blank correction, a total of
894.3 microparticles were found in 50 mL in total of melted ice, of which 135.0 were MPs
(2700 items/L), and 678.3 natural and regenerated MFs (13,566.4 items/L) (Table 2).
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Table 2. Characteristics of microparticles found in Greenland’s surface ice for the macro-sample
(synthetic; not synthetic; ND = not identifiable).

Not
. . Not Synthetic . ND Total
Filter mL  Synthetic Synthetic ND Total (I}tlems L) Synthetic (tems/L) (Items/L)
(Items/L)
WA 5.5 19.3 119.0 20.0 158.3 3507.3 21,641.8 3636.4 28,785.5
WB 14 45.1 254.8 0.0 300.0 32229 18,202.9 0.0 21,425.7
IA 8 9.2 0.0 3.0 12.2 1155.0 0.0 375.0 1530.0
1B 12.5 11.2 198.1 42.0 251.2 892.0 15,844.0 3360.0 20,096.0
B 10 50.2 106.4 16.0 172.6 5020.0 10,640.0 1600.0 17,260.0
Total
concen- 50 135.0 678.3 81.0 894.3 2700.0 13,566.4 1620.0 17,886.4
tration
mean 10 27.0 135.7 16.2 178.9 2759.4 13,265.7 1794.3 17,819.4
st dev 3.0 17.3 86.8 14.9 98.1 1545.7 7537.3 1491.1 8990.0

Microparticles found in the samples showed a high degradation degree; therefore,
spectroscopic analyses were challenging. Analysis highlighted that 75.8% of microparticles
were natural and regenerated materials, and only 15.1% were synthetics (Figures 2A and 3),
while 9.1% was not clearly identifiable (ND). Among the natural and regenerated MFs,
major part was identified as cotton, with the remaining materials classified as methyl
cellulose, cuprammonium rayon, and other cellulosic fibres. From the synthetic materials,

the presence of polyethylene terephthalate (PET) and polyethylene (PE) was confirmed.
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Figure 2. Characteristics of microparticles found in Greenland’s surface ice. (A): composition
(synthetic; not synthetic; ND = not identifiable); (B): size; (C): shape; (D): colour.

Microparticles < 1 mm were the most abundant (84.9%) (Figure 2B). The number of
particles increased as the size range considered decreased (Figure 2B).

Fibrous particles dominated all samples (98.1%), followed by fragments (1.9%)
(Figures 2C and 3).
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Figure 3. Anthropogenic microparticles found in Greenland’s surface ice under a microscope, with
and without UV light (bar scale 0.5 mm). (A,B): cotton black fibre not fluorescent; (C,D): synthetic
beige fragment with blue fluorescence; (E,F): cotton transparent fibres with blue fluorescence
and synthetic blue fragment with hinted blue fluorescence; (G,H): regenerated red fibre with
red fluorescence.

It was noted that 91.1% of the total microparticles were fluorescent under UV light.
Regarding the colour, 73% of microparticles were transparent/clear, followed by white
(11.7%), and black (5.6%) ones; particles with other colours had percentages lower than
3.5% (Figure 2D).

With the obtained preliminary data, the Extreme E working team created a video
on the problem of MP and MF pollution in extreme environment (in the documen-
tary series “Electric Odyssey”). Dissemination activities by involved researchers re-
garding this collaborative project were performed at “Festival della Virtu Civica” in
Casale Monferrato (Alessandria), November 2023 (https:/ /festivalvirtucivica.it/perche-
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un-festival-della-virtu-civica/#), and at “Biennale della Tecnologia”, for the Earth Day,
Turin, April 2024 (https:/ /www.biennaletecnologia.it/evento/la-plastica-invisibile-cosa-
si-nasconde-in-quello-che-ingeriamo/).

4. Discussion
4.1. Methodological Considerations

Research on MPs and MFs presents numerous challenges, including the risk of exter-
nal contamination. Although sampling was conducted according to established protocols,
potential contamination during collection cannot be excluded, particularly in cold environ-
ments where synthetic technical clothing is commonly used. Although procedural blanks
were included and subtracted from sample counts, a dedicated field blank during sampling
was not performed due to logistical constraints. Therefore, minor airborne fibre depo-
sition during sample collection cannot be entirely excluded. However, blank-corrected
concentrations remained substantially higher than procedural blank levels, suggesting
that contamination alone is unlikely to explain the observed abundances. Future studies
should incorporate field blanks and larger sample volumes to further strengthen quantita-
tive robustness.

Analyses performed on the chemicals and solutions used in this study revealed signif-
icant MP and MF contamination, emphasizing the necessity of pre-filtering all laboratory
reagents to minimize artefacts. This finding highlights the urgent need to raise awareness
among both scientists and manufacturers regarding the potential for these materials to
introduce contamination, underscoring the importance of improving product purity and
reducing environmental release.

Removal of organic matter (OMR) is a crucial preparatory step; however, the chemicals
employed may partially degrade MPs and partially or completely degrade non-synthetic
MFs [24,72]. Hydrogen peroxide (HyO,) is among the most widely used reagents for
OMR [24]; however, it can alter the physical integrity of microparticles, modify infrared
spectra, and increase the fragility of fibres, particularly cellulosic types. This degradation
may lead to fibre fragmentation, potentially resulting in an overestimation of particle
abundances [72].

A combination of different microscopic and spectroscopic methods is recommended [73]
as detected in this study. Microscopy remains a widely used and cost-effective method for
the characterization of MPs and MFs; however, it does not provide information on their
chemical composition. Although visual analysis enables detailed observation of particle
morphology and colour, facilitating differentiation between synthetic and natural or regen-
erated materials, it is labour-intensive and not recommended as a standalone approach for
small particles [67,69,73,74]. Spectroscopic analyses provide essential information about
the chemical composition of MPs and MFs; however, these methods are time-consuming,
require expensive instrumentation, and demand specialized expertise. Additionally, pol-
lutants recovered from natural environments are often coated with other materials or
contaminated with additional substances, which complicates spectral acquisition and in-
terpretation [73]. Finally, natural polymers show lower signal intensities compared to
synthetic ones and are more susceptible to interference from dyes. The FTIR spectra of
natural and regenerated polymers are nearly identical [75]. The dyes or the presence of
oxidation, and microbial degradation can alter the absorption bands of cellulose in the FTIR
spectra [38,40,76]. Therefore, distinguishing between them is extremely challenging. Mises-
timations in library matches could pose significant issues, which is why only high-quality
matches (over 70%) of spectra were used in this research.
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Concentrations were expressed as items/L to allow comparison with previous MP
studies. However, it should be noted that the relatively small analyzed volume (50 mL) may
increase the uncertainty of the extrapolated concentrations when normalized to litre units.

4.2. Pollution

MP and MF pollution represents a potential threat to environments and species, mak-
ing it a critical concern for conservation. Monitoring MPs and MFs in extreme environments
is essential for evaluating their health and is a key element in understanding how human
activity can directly or indirectly affect them.

Working in extreme and cold environments is not easy, and may present multiple
challenges, especially during a race. In fact, in this case it was not possible to collect large
volumes of samples, and PP sampling tubes were used to facilitate transport during the
race. However, there is still too little data regarding this type of pollution on surface ice
in Greenland; therefore, any new information about these pollutants is crucial for a better
understanding of the environmental possible threats.

Making data comparisons is generally challenging because different methods can
influence the results and different sizes are often investigated. Moreover, the location of
the sampling and environmental conditions, such as season or meteorological conditions,
may also lead to fluctuations in pollutant concentrations over time. Nevertheless, some
assumptions can be made regarding the presence of MPs and MFs in Greenland surface ice.

The concentration of MPs found in the collected surface ice was two orders of magni-
tude higher than a previous study in Antarctica, near McMurdo research station, showing
an average of 29 MPs/L, ranging from 4 to 82 MPs/L [44]. However, our data are similar to
the MP concentrations found in the remote Antarctic camps of Union Glacier, Schanz Glacier
and the South Pole, ranging from 73 to 3099 MPs/L (average of 817 &= 310 MPs/L) [45],
or in Arctic snow deposited on ice floes drifting in Fram Strait and on Svalbard, with a
mean of 1760 4+ 1580 MPs/L, and a maximum recorded value of 14,400 MPs/L on an
ice floe [46]. The same study also analyzed snow close to urban sites in northern Europe
(Bremen City, Isle of Heligoland) and the Alps (Davos, Tschuggen, Bavaria), highlighting a
mean of 24,600 + 18,600 MPs/L, with a maximum value of 154,000 MPs/L [46].

Regarding MFs, the maximum amount found in the same study highlighted
10,200 MFs/L detected in snow from an ice floe, with a mean of 1380 + 1100 MFs/L
from Arctic ice floes, and a maximum value of 2750 MFs/L in the Isle of Heligoland, with a
mean of 1431 £ 325 MFs/L in snow from Europe [46].

These data are particularly interesting considering that the monitored Russell Glacier
is rather a popular destination for tourists, while similar or higher pollution values have
been found in remote areas of the Arctic and Antarctic.

Fibrous particles were the most prevalent, as in Aves et al. [44]. Conversely, Jones-
Williams et al. [45] found that particles were the most dominant MP morphotype. Differ-
ences could be linked to the different analytical techniques, or sources and transport. The
prevalence of the fibrous material—natural, regenerated and synthetic—may be associated
with touristic activities and fibre shedding from clothing, as well as long-range atmospheric
transport. Despite the presence of the car race, not many fragments were found, suggesting
sources of prevalent pollution of another nature.

The most frequently found synthetic particles were PET, material also found in Aves
et al. [44] and Jones-Williams et al. [45]. However, in our case these materials were predom-
inantly fibres. The types of plastics found, especially PET, regenerated materials and cotton,
would further underline the possibility of local contamination linked to tourism. However,
remote sources of pollution, such as atmospheric transport, could not be excluded [44].
To ascertain whether microplastics in Antarctic snow originate predominantly from local
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sources, long-range atmospheric transport, or a combination of both, further research
incorporating broader spatial and temporal coverage is required.

The high abundance of MPs and MFs detected in surface ice in this study may have
significant climatic and ecological implications. Of particular concern is the potential
for MPs, due to their light-absorbing properties, to alter snow albedo and consequently
accelerate melting processes in ice-covered regions [77,78]. The elevated concentrations
of MPs observed in surface ice underscore the need for further research to elucidate their
effects on the physical properties and melt dynamics of snow and ice in these regions.

Advancing political and societal reforms is essential to support effective plastic re-
duction initiatives and to incentivize manufacturers to adopt sustainable, environmentally
friendly materials across all product lines. Comprehensive education at all levels, rooted
in environmental sustainability principles, is fundamental for the management and con-
servation of water resources, protected habitats, and biodiversity [28,52,55]. Moreover, the
media have historically influenced culture, shaping social attitudes and public perceptions
regarding environmental issues.

Regarding the car industry, advertisements evolved over time, providing the industry
with a platform to push the automobile as a requisite for modern life with car-centred
lifestyles in affluent societies. These aspects can also be used to convey messages for
environmental purposes. The electric racing leagues have stressed their commitment to
sustainability efforts, racing in extreme locations to raise awareness about climate change
and pollution, initiating a range of public outreach initiatives. Different ways to popularize
these racing leagues were implemented, expanding television coverage, social media
presence, and documentary films [79].

Extreme E’s activities frame both the adoption of electric vehicles and the fight against
climate change and pollution as challenges to overcome. By positioning the electric transi-
tion, climate change and pollution as challenges rather than threats, this kind of dissemina-
tion activities foster optimism and collective action, encouraging audiences to reflect on
lessons learned and consider actionable solutions for sustainability.

5. Conclusions

A preliminary survey was conducted on a glacier in Greenland, where micro samples
were collected along the routes used by the Extreme E drivers and staff during the electric
off-road racing series in the region. This collaborative research contributed to improving our
understanding of MP and MF contamination in extreme glacial environments, highlighting
the need for further investigations. The result confirmed the presence of MPs and MFs
in the studied area with high abundances. Fibrous and small-dimension microparticles
were the most prevalent and were predominantly cellulosic. The high abundance of MPs
and MFs detected in surface ice in this study may have significant climatic and ecological
implications. MP concentrations observed in surface ice underscore the necessity for further
research to elucidate their effects on the physical properties and melt dynamics of snow
and ice in these regions. This work is meant to be the first assessment of MP and MF
pollution during a race in extreme environments, emphasizing how the merging of research
and racing can contribute to understanding how to tackle the issues of climate change
and pollution. Any new information is crucial to help us better understand the threat to
ecosystems, inform environmental studies on pollution, and implement dissemination,
with the aim of promoting appropriate conservation measures. Promoting political and
social changes, together with education, will be key to the management and conservation
of water resources, protected habitats, and species.
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