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27  Abstract

28  Plastics have been found in marine water and sediments, sea ice, marine invertebrates,

29  and penguins in Antarctica, However, there is currently no evidence of their presence in Antarctic _— [ Geldscht: ;

30 laciers. Our pilot study investigated plastic occurrence on two ice surfaces that constitute part of . .
s P Y 5 p P [ Geldscht: h

the ablation zone of Collins Glacier (King George Island, Antarctica).
31 Our results showed concentrations of expanded polystyrene (EPS) in the 0.17-0.33 items m range.
We registered an atmospheric dry deposition between 0.08 and 0.17 items m*2 day (February

2019). This is the first report of plastic pollution in anAntarctic [ Geldscht: presence

32 glacier, to which it was probably transported by wind, possibly from local research activities.
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Introduction

The cryosphere is defined as the frozen hydrosphere of the Earth system that consists ofareas

in

which the temperatures are below 0°C for at least part of the year (NOAA, 2019). JThe greatest
proportion of the cryosphere in terms of volume is in Antarctica. Although its extent of ice has
increased in the last decades (Rignot et al 2019), it is estimated that the Antarctic
cryosphere holds around 90% of Earth’s ice mass (Dirscherl et al 2020) covering its cap

of ice up to 6% of the planet during the austral winter (Shepherd et al 2018).
Furthermore, Antarctic cryosphere represents the majority of the world’s freshwater

(Shepherd et al 2018) being, probably, the largest freshwater ecosystem in the planet.

Plastics, especially microplastics (plastics items < 5 mm; MP), have been detected

in several compartments of the cryosphere including alpine glaciers (Ambrosini et al.,

2019; Cabrera et al., 2020; Materi¢ et al., 2020), snow ([Huntingdon etal. 2020; Bergmann et al.,
2019; Osterlund et al., 2019) and sea

ice (Obbard et al., 2014; Peeken et al., 2018; Geilfus et al., 2019; Kelly et al., 2020; La Daana et al.,
2020; Von

Friesen et al., 2020). The concentration of MP in Arctic snow is generally Jower (0 to 144 x,10° MP

L't of melted snow)(Bergmann et al.,2019), than in sea ice (up to

12,000 MP L of melted ice), although there are large differences between studies and sites even
from the same region (Peeken et al., 2018; Von Friesen et al., 2020, Bergmann et al., 2019). The use
of different

units in reporting MPs concentration in alpine glaciers such as number of items per mass
of[sediment weight \(78.3 +30.2 MPskg? of sediments; Ambrosini et al., 2019) and mass

of MPs per volume (0 to 23.6 + 3.0 ng of MPs mL?; Materi¢ et al., 2020), makes
comparisons between studies difficult. Regarding the shape of the MP found in the
cryosphere, fibers seem to be dominant in alpine glaciers (65 %) and sea ice (79 %)
followed by fragments (Ambrosini et al., 2019; La Daana et al., 2020). Concerning the

size of MP, La Daana et al. (2020) reported a broad size distribution in sea ice, with 67%

of MP in the 500-5000 pum range. Other studies found lower sizes, however, with
significant amounts (around 90%) of MPs smaller than 100 pm in snow and sea ice
(Bergmann et al., 2019; Peeken et al., 2018; Ambrosini et al., 2019; Kelly et al., 2020) due to the
analytical methods used, which can capture smaller-sized plastic. In

general, the presence of plastics > 5mm are not reported in compartments of the
cryosphere, [probably due to the difficulty of large plastic items to reach the remote

areas where these are located, MP identification using micro-Fourier transform-infrared
spectroscopy (u-FTIR) revealed that polyethylene terephthalate (PET), polyamide (PA),
polyester (PE), varnish (acrylates/polyurethane), nitrile rubber, ethylene-propylene-

diene monomer (EPDM) rubber, polypropylene (PP), varnish, rayon andpolyurethane

(PU) are the most common types of MPs found (Obbard et al., 2014; Peeken et al., 2018;
Ambrosini et al., 2019; Bergmann et al., 2019; Kelly et al., 2020; La Daana et al., 2020;

Materi¢ et al., 2020).in cryogenic matrices. On the other hand, sources for these MP
detected in the

cryosphere remain poorly understood. It has been suggested that they could be
transported by wind before being deposited by both wet and dry deposition in remote

2
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. 84  areas such as polar regions (Bergmann et al., 2019; Halsband and Herzke, 2019). In fact, it has
been reported

85  that air masses can transport MPs through the atmosphere over distances of at least
86 100 km, and that they can be released from the marine environment into the
atmosphere by sea-spray (Allen et al., 2019; Allen et al., 2020

87 ).
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So far, studies on plastics have been conducted on three compartments of the
cryosphere (alpine glacier, snow and sea ice); however, there is no evidence to date about their
presence in freshwater glaciers in Antarctica. In this sense, our hypothesis is that plastics

have reached these glaciers and that dry deposition is crucial in this process.

Therefore, we carried out a pilot study to investigate the presence of plastics on the
surfaces of two freshwater glaciers that constitute part of the ablation zone of Collins
Glacier in Maxwell Bay,King George Island (Antarctica), as well as the [occurrence

dynamics] of the MPs in the absence of rainfall.

Materials and Methods

2.1 Study area

Collins Glacier is located on the northeast of Fildes Peninsula (King George Island,
Antarctica; Figure 1A) and has a total surface area of 15 km? (Simoes et al., 2015). Our
study was carried out on the ice surface of the glacier ablation areas around two lakes
(Uruguay or Profound, and lonosferico) in Maxwell Bay (Figure 1B). Uruguay lake [(—
62.18515, -58.91173\) is located in the proximity of the Artigas Antarctic Scientific Base

and its access road (~300 m) is subjected to intense human transit (Figure 1B). The lake
is used for drinking and domestic water supply. The glacier surface,

covers 1680 m2. lonosferico lake (-62.17987, -58.91070) is located ~600 m from Artigas

Base and has minimal human transit. The glacier surface extends over an area of 537

!

m? (Figure 1B). It should be noted that there were no visible footpaths through or nearby
the glacier surfaces of both lakes during the duration of our study.

2.2 Sampling and identification of plastics

To evaluate the concentration of plastics, twelve squares were marked on the ice around

Uruguay lake (Figure 1C) and six squares on lonosferico lake (Figure 1D) on the

18 of February 2020. Squares of 1 m? were randomly distributed every ten meters covering the

entire ice surface on the margin of Uruguay (Figure 1E) and lonosferico lakes. All items
visually resembling plastic (suspected plastic) inside the squares were collected (Figure
1F) and registered.

Jmmediately after thisevaluation of visible large plastics, we started the study

of the dry atmospheric deposition of plastics on ice. For this purpose, we monitored six
squares on the ice around each lake. For that, we used the squares where suspected
plastics had already been observed (squares 1U and 5U in Uruguay lake, and squares 11
and 51 in lonosferico lake; see details in Table 1) and we marked other new squares up
to a total of six squares in each lake around where, at least, one suspected plastics were
observed. All squares were visually monitored every 12 hours for 2 days (18,

£.20/02/2020). Every item visually resembling plastic detected in the squares at the

end of the experiment was collected with stainless steel tweezers, placed into 100 mL
I1SO reagent bottles, and stored at 4°C until analysis. No rainfall occurred during the
duration of the experiment.
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as plastics) of expanded polystyrene (EPS) were found on the ice around both lakes: 8
plastic items on the ice around Uruguay lake and 13 plastic items on the ice around

Geldscht: Regarding atmospheric transport experiment,
a

lonosferico lake (Figure 2 B, C and D). Polyester (n = 7 items; Figure 2B, E and F) and Geléscht: polyester

polyetherurethane (n = 1 item; Figure 2B, G and H) items were present only on the ice

around Uruguay lake. It should be noted that spectra of the polyester (Figure 2F) showed Gelscht: the
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circle indicates the Fildes Peninsula. Collins Glacier is located on the northeast of Fildes
Peninsula. (B) A detailed view of lonosferico lake, Uruguay lake, Artigas Research Station
and Collins Glaciers in the Fildes Peninsula. (C) and (D) ablation zone of Collins Glacier
around lonosferico lake and Uruguay lake, respectively. (E) Photograph of the glacier
surface around Uruguay lake that constitute part of the ablation zone of Collins Glacier
taken on 18/02/2020. (F) A representative square on the glacier surface used in this
study.
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mesoplastics and microplastics found on the glacier surface around Uruguay lake and
lonosferico. Representative photographs of expanded polystyrene (B), polyester (D) and
polyetherurethane (F) found on the glacier surface. The red arrows indicate the plastics.
FTIR representative spectra of expanded polystyrene (C), polyester (E) and
polyetherurethane (G) found on the glacier surface.
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Table 1. Concentration of plastics found in each square on 18/02/2020 and dry atmospheric deposition of plastics monitored every 12 hours for 2 days
(18/2/2020 and 20/2/2020). The asterisks indicate squares where suspected plastics had already been observed when we evaluated their concentration.
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