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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 
30 glaciers.  Our pilot study investigated plastic occurrence on two ice surfaces that constitute part of 

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-2  range. 

We registered an atmospheric dry deposition between 0.08 and 0.17 items m-2  day-1  (February  
2019).  This  is  the  first  report  of  plastic  pollution in  an Antarctic 

32 glacier, to which it was probably transported by wind, possibly from local research activities. 
36 
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46 Introduction 
47 The  cryosphere  is defined as the  frozen hydrosphere of  the Earth  system that  consists  of areas 

in 
48 which the temperatures are below 0°C for at least part of the year (NOAA, 2019). The greatest 

proportion of the cryosphere in terms of volume is in Antarctica. Although its extent of ice has 
49 increased  in  the  last  decades  (Rignot  et  al  2019),  it  is  estimated  that  the Antarctic 
50 cryosphere holds around 90% of Earth’s ice mass (Dirscherl et al 2020) covering its cap 
51 of  ice  up  to  6%  of  the  planet  during  the  austral  winter  (Shepherd  et  al  2018). 
52 Furthermore,  Antarctic  cryosphere  represents  the  majority of  the world’s freshwater 
53 (Shepherd et al 2018) being, probably, the largest freshwater ecosystem in the planet. 
55 
56 Plastics, especially microplastics (plastics items < 5 mm; MP), have been detected 
57 in several compartments of the cryosphere including alpine glaciers (Ambrosini et al., 
58 2019; Cabrera et al., 2020; Materić et al., 2020), snow (Huntingdon et al. 2020; Bergmann et al., 

2019; Österlund et al., 2019) and  sea 
59 ice (Obbard et al., 2014; Peeken et al., 2018; Geilfus et al., 2019; Kelly et al., 2020; La Daana et al., 

2020; Von 
60 Friesen et al., 2020). The concentration of MP in Arctic snow is generally lower (0 to 14.4 x 103  MP 
61 L-1  of  melted  snow) (Bergmann  et  al., 2019),  than  in  sea  ice (up to 
62 12,000 MP L-1 of melted ice), although there are large differences between studies and sites even 
63 from the same region (Peeken et al., 2018; Von Friesen et al., 2020, Bergmann et al., 2019). The use 

of different 
64 units in reporting MPs concentration in alpine glaciers such as number of items per mass 
65 of sediment weight (78.3 ± 30.2 MPs kg-1  of sediments; Ambrosini et al., 2019) and mass 
66 of  MPs  per  volume  (0  to  23.6  ±  3.0  ng  of  MPs  mL-1;  Materić  et  al.,  2020),  makes 
67 comparisons between  studies  difficult.  Regarding  the  shape  of  the  MP  found  in the 
68 cryosphere, fibers seem to be dominant in alpine glaciers (65 %) and sea ice (79 %) 
69 followed by fragments (Ambrosini  et  al., 2019;  La  Daana  et  al., 2020). Concerning the 
70 size of MP, La Daana et al. (2020) reported a broad size distribution in sea ice, with 67% 
71 of  MP  in  the  500-5000  µm  range.  Other  studies  found  lower   sizes,  however,  with 
72 significant  amounts  (around 90%)  of  MPs  smaller  than  100  µm in  snow  and  sea ice 
73 (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 
74 general,  the  presence  of  plastics  >  5mm  are  not  reported  in  compartments  of  the 
75 cryosphere, probably due to the difficulty of large plastic items to reach the remote 
76 areas where these are located. MP identification using micro-Fourier  transform-infrared 
77 spectroscopy (µ-FTIR) revealed that polyethylene terephthalate (PET), polyamide (PA), 
78 polyester  (PE),  varnish  (acrylates/polyurethane),  nitrile  rubber,    ethylene-propylene- 
79 diene monomer   (EPDM)  rubber, polypropylene  (PP),  varnish, rayon  and polyurethane 
80 (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; 
81 Materić   et   al.,  2020) in cryogenic matrices.  On   the  other  hand,   sources  for   these  MP  

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

Gelöscht: water  part

Gelöscht: Most

Gelöscht:  long

Kommentiert [MB1]: Huntington, A., Corcoran, P.L., 
Jantunen, L., Thaysen, C., Bernstein, S., Stern, G.A., 
Rochman, C.M., 2020. A first assessment of microplastics 
and other anthropogenic particles in Hudson Bay and 
the surrounding eastern Canadian Arctic waters of 
Nunavut. FACETS 5, 432-454. 
 

Gelöscht: 2017

Gelöscht: occurrence 

Gelöscht: higher 

Gelöscht: 5 

Gelöscht: 105  

Gelöscht: near  urban  areas 

Gelöscht: 2017

Kommentiert [MB2]: Should it not rather be ice weight? 
We are not really talking about sediments here?! 

Gelöscht: Kg

Gelöscht: 2017

Kommentiert [MB3]: I do not think that this is assumption 
is likely. Why should larger plastic not make it to the same 
places in the ocean as microplastic? I think the reason why 
they have not been reported in the marine cryosphere is that 
their concentrations are lower compared with MP. The 
likelihood of catching them is smaller, especially when 
analysing small sample sizes.  

Gelöscht: Bergmann et al.,¶
2017; 



https://doi.org/10.5194/tc-2020-261 
Preprint. Discussion started: 30 October 2020 
Qc  Author(s) 2020. CC BY 4.0 License. 

3 

 

 

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 ). 
89 
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90 So   far,   studies  on   plastics   have  been   conducted   on  three   compartments  of the 
91 cryosphere (alpine glacier, snow and sea ice); however, there is no evidence to date about their 
92 presence in freshwater glaciers in Antarctica. In this sense, our hypothesis is that plastics 
93 have  reached  these  glaciers  and  that  dry  deposition  is  crucial  in  this  process. 
94 Therefore, we carried out a pilot study to investigate the presence of plastics on the 
95 surfaces of two freshwater glaciers that constitute part of the ablation zone of Collins 
96 Glacier in Maxwell Bay, King George Island (Antarctica), as well as the occurrence 
97 dynamics of the MPs in the absence of rainfall. 
98 
99 Materials and Methods 

100 2.1 Study area 
101 Collins Glacier is located on the northeast of Fildes Peninsula (King George Island, 
102 Antarctica; Figure 1A) and has a total surface area of 15 km2 (Simoes et al., 2015). Our 
103 study was carried out on the ice surface of the glacier ablation areas around two lakes 
104 (Uruguay or Profound, and Ionosferico) in Maxwell Bay (Figure 1B). Uruguay lake (- 
105 62.18515, -58.91173) is located in the proximity of the Artigas Antarctic Scientific Base 
106 and its access road (~300 m) is subjected to intense human transit (Figure 1B). The lake 
107 is used for drinking and domestic water supply. The glacier surface  
108 covers 1680 m2. Ionosferico lake (-62.17987, -58.91070) is located ~600 m from Artigas 
109 Base and has minimal human transit. The glacier surface extends over an area of 537 
110 m2 (Figure 1B). It should be noted that there were no visible footpaths through or nearby 
111 the glacier surfaces of both lakes during the duration of our study. 
112  
113 2.2 Sampling and identification of plastics 
114 To evaluate the concentration of plastics, twelve squares were marked on the ice around 
115 Uruguay  lake  (Figure  1C)  and  six  squares  on  Ionosferico  lake  (Figure  1D)  on  the 
116 18 of February 2020. Squares of 1 m2  were randomly distributed every ten meters covering the 
117 entire ice surface on the margin of Uruguay (Figure 1E) and Ionosferico lakes. All items 
118 visually resembling plastic (suspected plastic) inside the squares were collected (Figure 
119 1F) and registered. 
120  
121 Immediately after this evaluation of visible large plastics, we started the study 
122 of the dry atmospheric deposition of plastics on ice. For this purpose, we monitored six 
123 squares on the ice around each lake. For that, we used the squares where suspected 
124 plastics had already been observed (squares 1U and 5U in Uruguay lake, and squares 1I 
125 and 5I in Ionosferico lake; see details in Table 1) and we marked other new squares up 
126 to a total of six squares in each lake around where, at least, one suspected plastics were 
127 observed. All squares were visually monitored every 12 hours for 2 days (18 
128 - 20/02/2020). Every item visually resembling plastic detected in the squares at the 
129 end of the experiment was collected with stainless steel tweezers, placed into 100 mL 
130 ISO reagent bottles, and stored at 4°C until analysis. No rainfall occurred during the 
131 duration of the experiment. 
132  
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133 All collected items were photographed, measured and their composition was identified 
134 by FTIR using an Agilent Cary 630 FTIR spectrometer or by µFTIR using a Perkin-Elmer 
135 Spotlight 200 Spectrum Two apparatus equipped with a MCT detector (depending on 
136 the size of the item). Their spectra were taken using the following parameters in micro- 
137 transmission mode: spot 50 µm, 32 scans and spectral range 550-4000 cm-1 with 8 cm-1 

138 resolution. The spectra were analysed by Omnic software (Thermo Fisher). Items with 
139 matching values > 60% were considered plastic materials. The results of concentration 
140 and atmospheric dry deposition of plastics reported in this study are only of those items 
141 positively identified as plastics, per total area of 
142 the sampled squares. 
143  
144 Results and discussion 
145 Assessment of glacial plastic pollution  
146 In total, 45 items visually resembling plastics were collected from surface snow in squares, of which 

29 items were 
147 spectroscopically confirmed as plastic. The size of plastics found ranged in length 
148 from 2,292 - 12,628 µm and in width from 3 - 11,334 µm (Figure 2A). According to their 
149 size, 13 mesoplastic items (plastic items between 5-25 mm long; MeP) and 3 MP items 
150 were obtained on the ice around Uruguay lake and 12 MeP items and 1 MP item on the 
151 ice around Ionosferico lake (Figure 2B). Meso and microplastics (hereinafter referred to 
152 as plastics) of expanded polystyrene (EPS) were found on the ice around both lakes: 8 
153 plastic items on the ice around Uruguay lake and 13 plastic items on the ice around 
154 Ionosferico lake (Figure 2 B, C and D). Polyester (n = 7 items; Figure 2B, E and F) and 
155 polyetherurethane (n = 1 item; Figure 2B, G and H) items were present only on the ice 
156 around Uruguay lake. It should be noted that spectra of the polyester (Figure 2F) showed 
157 a high similarity with alkyd resin (polyester modified by the addition of other 
158 components), which are widely used in many synthetic paints. 
159  
160 Expanded polystyrene items were ubiquitous on the ice with concentrations ranging from 0.17 

items 
161 m-2 on the ice around Uruguay lake to 0.33 items m-2 on the ice around Ionosferico 
162 lake. The concentration of polyester, which was found only on the ice around Uruguay 
163 lake, was 0.25 items m-2. No polyetherurethane items were observed at 
164 Ionosferico lake. 
165  
166 Experimental assessment of atmospheric plastic deposition 
167 A dry deposition of 0.08 EPS items m-2 day- 

168 1  and 0.17 EPS items m-2 day-1 was observed on the ice around Uruguay and Ionosferico 
169 lakes, respectively (Table 1). Polyester showed a deposition rate of 0.08 items 
170 m-2 day-1 on the ice around Uruguay lake (Table 1), probably due to its proximity to  
171 Artigas Base. Items deposited on the ice in Ionosférico lake during the experiment were 
172 exclusively EPS (Table 1). 
173  
174 The presence of plastics has been reported in different places in Antarctica such as sea ice 

(Kelly et al. 2020), sea surface (Suaria et al. 2020; Lacerda et al. 2019; Isobe et al. 2017; Cincinelli et 
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Lenihan et al. 1990; Dayton & Robillard 1971), marine 
176 benthic invertebrates (Sfriso et al., 2020), fish (Cannon et al. 2016) and penguins (Le Chen et al. 

2020; Laganà et al. 2019; Bessa et al., 2019) as well as other sea birds (Ibanez et al., 2020; Fijn et 
al., 2012; Creet et al., 1994; van Franeker & Bell, 1988). However, 

177 there was only one study about the presence of plastics in the Antarctic cryosphere that 
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178 was carried out in Antarctic sea ice (Kelly et al. 2020). Here, we provide the first report of plastics in 
the freshwater cryosphere of Antarctica, namely in Antarctic 

179 glaciers. 
180  
181 The concentration of plastics found on the surfaces of two freshwater glaciers that 
182 constitute part of the ablation zone of Collins Glacier in Maxwell Bay (## - ## items m-2) are similar 

to those 
183 found in nearby Antarctic marine environments (e.g. ## -## microplastics m-2)  (Cincinelli et 

al., 2017; Munari et al., 
184 2017; Reed et al., 2018) supporting the notion that freshwaters could play a role in the 
185 life cycle of plastics in this region. In our study, wind was probably the transportation 
186 mode of plastics to the ice from the anthropogenic activities that occur around these 
187 lakes, and differences in the concentration of plastics (higher in Uruguay lake) a 
188 consequence of its proximity to these anthropogenic activities. Notably, EPS is widely 
189 used as insulation material of old buildings in the area, and alkyd resins find use as 
190 external coatings. Besides, a growing number of tourists exerts increasing pressure 
191 on the area. The long-range transport of plastic by wind would be supported by studies evidencing 
192 the transport of soil and propagules of terrestrial and marine invertebrates and grasses, 
193 mosses and algae (Nkem et al., 2006). 
194  
195 Our research indicates that our research in sensitive remote areas such as Antarctica leaves a 

footprint, namely plastic pollution. While reports of research-based litter pollution on the seafloor 
and beaches date back as early as the 1970’s (Dayton & Robillard 1971; Lenihan et al., 1990; Sander 
et al. 2009)  the handling of waste has improved through the  Antarctic  Treaty  System , Annex III 
‘Waste Disposal and Waste Management’. It requires treaty states to remove all plastic from 
Antarctica, with the only exception 

196 being  those  plastics  that  can  be  incinerated  without  producing  harmful  emissions 
197 (Antarctic Treaty Secretariat, 1998). However, once plastics are broken down into small 
198 fractions and dispersed throughout the continent and nearby waters, management 
199 measures become very difficult to address, as indicated by our data. Sander et al. (2009) also 

report ongoing pollution from research debris, which had not been removed.  A more rigorous 
management of macro- and microplastics is therefore essential for preserving the integrity of 
sensitive polar environments. 

200  
201 Conclusion 
202 This is the first report of the presence of both MeP and MP in an Antarctic glacier, which 
203 was probably transported to the sites by wind. In total, three types of plastics were found on two 
204 glacier surfaces that constitute part of the ablation zone of Collins Glacier (King George 
205 Island, Antarctica) being EPS ubiquitous on the ice. Our study shows that the 
206 management of plastic contamination in Antarctica should focus strongly on the waste and 

microplastic generated by anthropogenic activities that occur in this place, including scientific 
research. 

207  
208  
209 Author contribution 
210 Miguel González-Pleiter: identified the research question, formulated the hypothesis, 

Formatiert: Links, Einzug: Hängend:  1 cm, Abstand
Vor:  3,25 Pt.

Gelöscht: Thus, this is

Gelöscht: the¶
presence of 

Gelöscht: freshwater 

Kommentiert [MB19]: How does this support “ the notion 
that freshwaters could play a role in the life cycle of plastics 
in this region”? I do not understand? I don’t think this 
conclusion can be drawn from the data, especially when 
consensus is building that the atmosphere is an important 
pathway/source of microplastic not vice versa? It could be 
concluded that it comes from the same source. However, 
you state that your pollution may actually come from the 
research base, so this would be quite a different source 
compared to that of plastic in the ocean Please delete this or 
rephrase. 
 

Kommentiert [MB20]: You can only make this statement 
if you have tested this. Because by looking at Fig. 2 B I could 
not be sure if there is actually a significant difference. But it 
would be interesting if you could, so I suggest, you do some 
t-testing or similar. 

Kommentiert [MB21]: Please support this statement of 
growing tourism with a citation 

Gelöscht: poses 

Gelöscht: an 

Gelöscht: s

Kommentiert [MB22]: Dayton, P.K., Robilliard, G.A., 
1971. Implications of pollution to the McMurdo Sound 
benthos. Antarctic Journal, 53-56. 
 

Gelöscht: The  

Gelöscht:  is  the  agreed  mechanism  for  governance  
within  the¶
Antarctic Treaty area. In fact

Gelöscht:  of the

Gelöscht: that all plastic shall be

Gelöscht: d



https://doi.org/10.5194/tc-2020-261 
Preprint. Discussion started: 30 October 2020 
Qc  Author(s) 2020. CC BY 4.0 License. 

8 

 

 

211 developed    the    experimental   design,   planned    the    experiments,   performed   the 
212 experiments in the field, performed the experiments in the laboratory, compiled the 
213 data sets, analyzed the data, discussed the results, prepared graphical material, wrote 
214 the paper (original draft) and provided financial support. Gissell Lacerot: identified the 
215 research question, formulated the hypothesis, developed the experimental design, 
216 planned the experiments, checked the field data, discussed the results, wrote the paper 
217 (final version). Carlos Edo: performed the experiments in the laboratory, compiled the 



https://doi.org/10.5194/tc-2020-261 
Preprint. Discussion started: 30 October 2020 
Qc  Author(s) 2020. CC BY 4.0 License. 

9 

 

 

 
 
 
 
 

218 data sets, analyzed the data, discussed the results, prepared graphical material and 
219 review final manuscript. Juan Pablo Lozoya: developed the experimental design, 
220 checked the field data, discussed the results, review final manuscript and provided 
221 financial support. Francisco Leganés: discussed the results, review final manuscript and 
222 provided financial support. Francisca Fernández-Piñas: checked the field data, checked 
223 the laboratory data, discussed the results, review final manuscript and provided 
224 financial support. Roberto Rosal: checked the field data, checked the laboratory data, 
225 discussed the results, review final manuscript and provided financial support. Franco 
226 Teixeira de Mello: identified the research question, formulated the hypothesis, 
227 developed    the    experimental   design,   planned    the    experiments,   performed   the 
228 experiments  in   the  field,   checked  the  field   data,   prepared   graphical  material and 
229 provided financial support. 
230  
231  
232 Acknowledgements 
233 This research was funded by the Government of Spain (CTM2016-74927-C2-1/2-R) and 
234 the Uruguayan Antarctic Institute. MGP thanks the Carolina Foundation for the award 
235 of a postdoctoral grant (SEGIB). CE thanks the Spanish Government for the award of a 
236 predoctoral grant. The authors gratefully acknowledge the support of Fiorella Bresesti, 
237 Evelyn Krojmal and Barbara De Feo from the Centro Universitario Regional del Este, 
238 Universidad de la República for their assistance during sampling and of Marta Elena 
239 González Mosquera from University of Alcala for providing access to the Agilent Cary 
240 630 FTIR spectrometer. FTM, GL and JPL thanks the Sistema Nacional de Investigación 
241 (SNI) and FTM and GL the Programa de Desarrollo de las Ciencias Básicas (PEDEClBA). 
242  
243 Declaration of competing interest 
244 The authors declare no conflict of interest. 
245  
246 References 
247 Absher, T.M., Ferreira, S.L., Kern, Y., Ferreira, A.L., Christo, S.W., Ando, R.A., 2019. 
248 Incidence and identification of microfibers in ocean waters in Admiralty Bay, Antarctica. 
249 Environmental Science and Pollution Research 26, 292-298. 
250 Allen, S., Allen, D., Moss, K., Le Roux, G., Phoenix, V. R., & Sonke, J. E., 2020. Examination 
251 of the ocean as a source for atmospheric microplastics. PloS one, 15(5), e0232746. 
252 Allen, S., Allen, D., Phoenix, V. R., Le Roux, G., Jiménez, P. D., Simonneau, A., Binet, S., 
253 Galop, D., 2019. Atmospheric transport and deposition of microplastics in a remote 
254 mountain catchment. Nature Geoscience, 12(5), 339-344. 
255 Ambrosini, R., Azzoni, R.S., Pittino, F., Diolaiuti, G., Franzetti, A., Parolini, M., 2019. First 
256 evidence of microplastic contamination in the supraglacial debris of an alpine glacier. 
257 Environmental Pollution 253, 297-301. 
258 Antarctic Treaty Secretariat, 1998. Annex III to the Protocol on Environmental Protection 
259 to the Antarctic Treaty. Waste disposal and waste management. Accessed at 
260 http://www.ats.aq on 3 Aug 2020. 

261 Barnes, D.K.A., Walters, A., Goncalves, L., 2010. Macroplastics at sea around 
Antarctica. Marine Environmental Research 70, 250-252. 

262  
263 Bergmann, M., Wirzberger, V., Krumpen, T., Lorenz, C., Primpke, S., Tekman, M.B., Formatiert: Durchgestrichen

http://www.ats.aq/


https://doi.org/10.5194/tc-2020-261 
Preprint. Discussion started: 30 October 2020 
Qc  Author(s) 2020. CC BY 4.0 License. 

10 

 

 

264 Gerdts, G., 2017. High quantities of microplastic in Arctic deep-sea sediments from the 
265 HAUSGARTEN observatory. Environmental Science & Technology 51, 11000-11010. 
266  

Kommentiert [MB23]: Please replace by this article, 
which deals with MP in snow, instead of deep-sea 
sediments. 
Bergmann, M., Mützel, S., Primpke, S., Tekman, M.B., 
Trachsel, J., Gerdts, G., 2019. White and wonderful? 
Microplastics prevail in snow from the Alps to the Arctic. 
Science Advances 5, eaax1157. 
 



https://doi.org/10.5194/tc-2020-261 
Preprint. Discussion started: 30 October 2020 
Qc  Author(s) 2020. CC BY 4.0 License. 

11 

 

 

 
 
 
 
 

267 Bessa, F., Ratcliffe, N., Otero, V., Sobral, P., Marques, J.C., Waluda, C.M., Trathan, P.N., 
268 Xavier, J.C., 2019. Microplastics in gentoo penguins from the Antarctic region. Scientific 
269 reports 9, 1-7. 

Cabrera, M., Valencia, B.G., Lucas-Solis, O., Calero, J.L., Maisincho, L., Conicelli, B., Massaine Moulatlet, G., 
and Capparelli, M.V. (2020). A new method for microplastic sampling and isolation in mountain glaciers: A 
case study of one antisanal glacier, Ecuadorian Andes. Case Studies in Chemical and Environmental 
Engineering 2, 100051. https://doi.org/10.1016/j.cscee.2020.100051 
 
Convey, P., Barnes, D., Morton, A., 2002. Debris accumulation on oceanic island shores of the 
Scotia Arc, Antarctica. Polar Biology 25, 612-617. 
 
Cunningham, E.M., Ehlers, S.M., Dick, J.T.A., Sigwart, J.D., Linse, K., Dick, J.J., Kiriakoulakis, K., 
2020. High Abundances of Microplastic Pollution in Deep-Sea Sediments: Evidence from 
Antarctica and the Southern Ocean. Environmental Science & Technology. 
 
Creet, S., Van Franeker, J.A., Van Spanje, T.M., Wolff, W.J., 1994. Diet of the Pintado Petrel 
Daption Capense at King George Island, Antarctica, 1990/91. Marine Ornithology 22, 221-
229.Dayton, P.K., Robilliard, G.A., 1971. Implications of pollution to the McMurdo Sound 
benthos. Antarctic Journal, 53-56. 

 
Dayton, P.K., Robilliard, G.A., 1971. Implications of pollution to the McMurdo Sound benthos. Antarctic 
Journal, 53-56. 

 
270 Dirscherl, M., Dietz, A.J., Dech, S. and Kuenzer, C., 2020. Remote sensing of ice motion 
271 in Antarctica–A review. Remote Sensing of Environment 237, 111595. 

272 Fijn, R.C., Franeker, J.A., Trathan, P.N., 2012. Dietary variation in chick-feeding and 
self-provisioning Cape Petrel Daption capense and Snow Petrel Pagodroma nivea at 

Signy Island, South Orkney Islands, Antarctica. Marine Ornithology 40, 81-87. 
 
Geilfus, N.X., Munson, K.M., Sousa, J., Germanov, Y., Bhugaloo, S., Babb, D., and Wang, F. (2019). 
Distribution and impacts of microplastic incorporation within sea ice. Marine Pollution Bulletin 
145, 463-473. 

273 Halsband, C., Herzke, D., 2019. Plastic litter in the European Arctic: What do we know? 
274 Emerging Contaminants 5, 308-318. 

275 Huntington, A., Corcoran, P.L., Jantunen, L., Thaysen, C., Bernstein, S., Stern, G.A., 
Rochman, C.M., 2020. A first assessment of microplastics and other anthropogenic 
particles in Hudson Bay and the surrounding eastern Canadian Arctic waters of 
Nunavut. FACETS 5, 432-454. 

276 Ibañez, A.E., Morales, L.M., Torres, D.S., Borghello, P., Haidr, N.S., Montalti, D., 2020. 
Plastic ingestion risk is related to the anthropogenic activity and breeding stage in an 
Antarctic top predator seabird species. Marine Pollution Bulletin 157, 111351. 

277  
278 Isobe, A., Uchiyama-Matsumoto, K., Uchida, K., Tokai, T., 2017. Microplastics in the 

Southern Ocean. Marine Pollution Bulletin 114, 623-626. 

Formatiert: Schriftart: (Standard) Segoe UI, 9 Pt.

Formatiert: Standard

Formatiert: Schriftart: (Standard) Segoe UI, 9 Pt.

Formatiert: Links, Einzug: Links:  1,48 cm, Abstand Vor: 
1,2 Pt.,  Keine Aufzählungen oder Nummerierungen,
Absatzkontrolle, Tabstopps: Nicht an  1,48 cm +  1,48
cm

https://doi.org/10.1016/j.cscee.2020.100051


https://doi.org/10.5194/tc-2020-261 
Preprint. Discussion started: 30 October 2020 
Qc  Author(s) 2020. CC BY 4.0 License. 

12 

 

 

279  
280 Kelly, A., Lannuzel, D., Rodemann, T., Meiners, K., Auman, H., 2020. Microplastic 
281 contamination in east Antarctic sea ice. Marine Pollution Bulletin 154, 111130. 
282 La Daana, K.K., Gardfeldt, K., Krumpen, T., Thompson, R.C., O’Connor, I., 2020. 
283 Microplastics in sea ice and seawater beneath ice floes from the Arctic ocean. Scientific 
279 reports 10, 1-11. 
280 Materić,  D.a.,  Kasper-Giebl,  A.,  Kau,  D.,  Anten,  M.,  Greilinger,  M.,  Ludewig,  E.,  van 
281 Sebille, E., Röckmann, T., Holzinger, R., 2020. Micro-and Nanoplastics in Alpine Snow: A 
282 New  Method  for  Chemical  Identification  and  (Semi)  Quantification  in  the Nanogram 
283 Range. Environmental science & technology 54, 2353-2359. 
284 Lacerda, A.L.d.F., Rodrigues, L.d.S., van Sebille, E., Rodrigues, F.L., Ribeiro, L., Secchi, 

E.R., Kessler, F., Proietti, M.C., 2019. Plastics in sea surface waters around the Antarctic 
Peninsula. Scientific Reports 9, 3977. 

285 Laganà, P., Caruso, G., Corsi, I., Bergami, E., Venuti, V., Majolino, D., La Ferla, R., Azzaro, 
M., Cappello, S., 2019. Do plastics serve as a possible vector for the spread of antibiotic 
resistance? First insights from bacteria associated to a polystyrene piece from King 
George Island (Antarctica). International Journal of Hygiene and Environmental Health 
222, 89-100. 

286 Le Guen, C., Suaria, G., Sherley, R.B., Ryan, P.G., Aliani, S., Boehme, L., Brierley, A.S., 
2020. Microplastic study reveals the presence of natural and synthetic fibres in the diet 
of King Penguins (Aptenodytes patagonicus) foraging from South Georgia. Environment 
International 134, 105303. 

287 Lenihan, H.S., Oliver, J.S., Oakden, J.M., Stephenson, M.D., 1990. Intense and localized benthic 
marine pollution around McMurdo Station, Antarctica. Marine Pollution Bulletin 21, 422-430. 

288 Munari,  C.,  Infantini,  V.,  Scoponi,  M.,  Rastelli,  E.,  Corinaldesi,  C.,  Mistri,  M.,  2017. 
289 Microplastics   in  the   sediments   of   Terra  Nova  Bay   (Ross   Sea, Antarctica).  Marine 
290 pollution bulletin 122, 161-165. 
291 Nkem, J.N., Wall, D.H., Virginia, R.A., Barrett, J.E., Broos, E. J., Porazinska, D.L., Adams, 
292 B.J.,   2006.   Wind   dispersal   of   soil   invertebrates   in   the   McMurdo   Dry   Valleys, 
293 Antarctica. Polar Biology, 29(4), 346-352. 
294 NOAA, 2019. What is the cryosphere?. National Ocean Service website, 
295 https://oceanservice.noaa.gov/facts/cryosphere.html 
296 Obbard, R.W., Sadri, S., Wong, Y.Q., Khitun, A.A., Baker, I., Thompson, R.C.,  2014. Global 
297 warming releases microplastic legacy frozen in Arctic Sea ice. Earth's Future 2, 315-320. 
298 Österlund, H., Renberg, L., Nordqvist, K., Viklander, M., 2019. Micro litter in the urban 
299 environment:   sampling   and   analysis   of   undisturbed   snow.   Novatech   2019   10th 
300 international conference. 
301 Peeken, I., Primpke, S., Beyer, B., Gütermann, J., Katlein, C., Krumpen, T.,  Bergmann, M., 
302 Hehemann, L., Gerdts, G., 2018. Arctic sea ice is an important temporal sink and means 
303 of transport for microplastic. Nature communications 9, 1-12. 
304 Reed, S., Clark, M., Thompson, R., Hughes, K.A., 2018. Microplastics in marine sediments 
305 near Rothera research station, Antarctica. Marine pollution bulletin 133, 460-463. 
306 Rignot,  E.,  Mouginot,  J.,  Scheuchl,  B.,  van  den  Broeke,  M.,  van  Wessem,  M.J.  and 
307 Morlighem, M., 2019. Four decades of Antarctic Ice Sheet mass balance from 1979-2017. 
308 Proceedings of the National Academy of Sciences 116(4), 1095-1103. 
309 Sander, M., Costa, E.S., Balbao, T.C., Carneiro, A.P.B., Santos, C.R., 2009. Debris 

recorded in ice free areas of  an  Antarctic  Specially  Managed Area  (ASMA):  Admiralty 
Bay,  King  Georgia  Island,  Antarctic  Peninsula. Neotropical Biology and Conservation 
4, 36-39. 

310 Sfriso,  A.A.,  Tomio,  Y.,   Rosso,  B.,   Gambaro,  A.,   Sfriso,  A.,   Corami,  F.,   Rastelli,  E., 
311 Corinaldesi,   C.,  Mistri,  M.,  Munari,   C.,  2020.   Microplastic  accumulation   in benthic 

Formatiert: Englisch (Vereinigte Staaten)

Formatiert: Absatzkontrolle

Formatiert: Englisch (Vereinigtes Königreich)



https://doi.org/10.5194/tc-2020-261 
Preprint. Discussion started: 30 October 2020 
Qc  Author(s) 2020. CC BY 4.0 License. 

13 

 

 

312 invertebrates in Terra Nova Bay (Ross Sea, Antarctica). Environment International 137, 
308 105587. 
309 Shepherd, A., Fricker, H.A. and Farrell, S.L., 2018. Trends and connections across the 
310 Antarctic cryosphere. Nature 558(7709), 223-232. 
311 Simoes,  C.L.,  Rosa,  K.K.d.,  Czapela,  F.F.,  Vieira,  R.,  Simoes,  J.C.,  2015.  Collins Glacier 
312 retreat   process   and   regional   climatic   variations,   King   George   Island,  Antarctica. 
313 Geographical Review 105, 462-471. 
314 Suaria, G., Perold, V., Lee, J.R., Lebouard, F., Aliani, S., Ryan, P.G., 2020. Floating macro- 

and microplastics around the Southern Ocean: Results from the Antarctic 
Circumnavigation Expedition. Environment International 136, 105494. 
 Formatiert: Einzug: Links:  1,48 cm,  Keine

Aufzählungen oder Nummerierungen



https://doi.org/10.5194/tc-2020-261 
Preprint. Discussion started: 30 October 2020 
Qc  Author(s) 2020. CC BY 4.0 License. 

14 

 

 

 
 
 
 
 

315 Von   Friesen,   L.W.,   Granberg,   M.E.,   Pavlova,   O.,   Magnusson,   K.,   Hassellöv,   M., 
316 Gabrielsen,  G.W.,  2020.  Summer  sea  ice  melt  and  wastewater  are  important  local 
317 sources of microlitter to Svalbard waters. Environment International 139, 105511. 
318  
319  
320  
321  
322  
323  
324  
325  
326  
327  
328  
329  
330  
331  



https://doi.org/10.5194/tc-2020-261 
Preprint. Discussion started: 30 October 2020 
Qc  Author(s) 2020. CC BY 4.0 License. 

15 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

332  
333 Figure 1. (A) General view of Antarctica and location of King George Island.  The blue 
334 circle indicates the Fildes Peninsula. Collins Glacier is located on the northeast of Fildes 
335 Peninsula. (B) A detailed view of Ionosferico lake, Uruguay lake, Artigas Research Station 
336 and Collins Glaciers in the Fildes Peninsula. (C) and (D) ablation zone of Collins Glacier 
337 around  Ionosferico  lake and  Uruguay lake,  respectively.  (E) Photograph of  the  glacier 
338 surface around Uruguay lake that constitute part of the ablation zone of Collins Glacier 
339 taken on 18/02/2020. (F) A representative square on the glacier surface used in this 
340 study. 
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341  
342 Figure 2. (A) Size of the plastics collected on the glacier surface. (B) Total number of the 
343 mesoplastics  and microplastics  found  on the  glacier  surface around Uruguay  lake and 
344 Ionosferico. Representative photographs of expanded polystyrene (B), polyester (D) and 
345 polyetherurethane (F) found on the glacier surface. The red arrows indicate the  plastics. 
346 FTIR    representative    spectra    of    expanded    polystyrene    (C),    polyester    (E)   and 
347 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. 

 
Concentration of plastics  

 
 
 
 
 
 
 
 
 
 

Uruguay lake 

Squares 1U 2U 3U 4U 5U 6U 7U 8U 9U 10U 11U 12U Plastics m-2 Total plastics 
confirmed by FTIR 

EPS 1 0 0 0 1 0 0 0 0 0 0 0 0.17 2 

Polyester 1 1 0 0 0 0 0 0 0 0 0 1 0.25 3 

Polyetherurethane 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 

Total Plastic 2 1 0 0 1 0 0 0 0 0 0 1 ### ### 

Ionosferico lake 

Squares 1I 2 I 3 I 4 I 5 I 6 I       Plastics m-2 Total plastics 
confirmed by FTIR 

EPS 1 0 0 0 1 0       0.33 2 

Polyester 0 0 0 0 0 0       0 0 

Polyetherurethane 0 0 0 0 0 0       0 0 
 

Total Plastic 1 0 0 0 1 0         
 

Atmospheric dry deposition experiment 
Uruguay lake 

Squares 1U 2U* 3U* 4U* 5U 6U* Total plastics 
confirmed by FTIR 

Plastics m-2 day-1 

Time (h) 0 12 24 36 48 0 12 24 36 48 0 12 24 36 48 0 12 24 36 48 0 12 24 36 48 0 12 24 36 48   

EPS 1          1     1  -1   1     4  1   8 0.08 

Polyester 1 -1  +1            4               5 0.08 

Polyetherurethane      1                         1 0 

Total Plastic 2 1 0 1 0 1 0 0 0 0 1 0 0 0 0 5 0 1 0 0 1 0 0 0 0 4 0 1 0 0 14  

Ionosferico lake 

Squares 1 I 2 I *w 3 I * 4 I * 5 I * 6 I * Total plastics 
confirmed by FTIR 

Plastics m-2 day-1 

Time (h) 0 12 24 36 48 0 12 24 36 48 0 12 24 36 48 0 12 24 36 48 0 12 24 36 48 0 12 24 36 48   

EPS 1     3  1   2  1   3     1     1     13 0.17 

Polyester                               0 0 

Polyetherurethane                               0 0 

Total Plastic 1 0 0 0 0 3 0 1 0 0 2 0 1 0 0 3 0 0 0 0 1 0 0 0 0 1 0 0 0 0 13  
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