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Low numbers of large microplastics on
environmentally-protected Antarctic beaches
reveals no widespread contamination:
insights into beach sedimentary dynamics
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Abstract: Microplastics are ubiquitous contaminants of marine ecosystems around the
world and Antarctica is no exception. Microplastics can be influenced by sedimentary
dynamics mainly on coastal areas where they are more abundant in Antarctica. This study
evaluated microplastic contamination in beach environments from two Antarctic Specially
Protected Areas, aiming to identify relationships between microplastic numbers and
sedimentological parameters on beach sediments. Low numbers of microplastics were
found (> 0.5 mm:; fibers excluded) - one particle per sample in 4 of 15 samples analyzed
- and there is no evidence of widespread contamination. Sedimentological parameters
reveal differences between sampled environments, but low numbers of microplastics
impaired statistical comparison. All sediment samples are coarse, denoting high-energy
depositional environments that are likely little susceptible to microplastic accumulation.
Microplastic contamination in the Antarctic coastal ecosystem is heterogeneous, and
their detailed characterization assisted by a systematization of methods can improve
the understanding of microplastics distribution patterns in the cold coastal ecosystem.

Key words: Antarctic Specially Protected Areas, raman spectroscopy, sedimentary dy-
namics, South Shetlands Islands, stranded plastics.

The Protocol on Environmental Protection

Microplastics (MPs) are plastic particles (0.001-
5 mm in size) with a myriad of shapes that are
intentionally produced by industry (primary-
MP) or are fragments from larger plastics
(secondary-MP) (Frias et al. 2018, Hidalgo-Ruz et
al. 2012). MPs are ubiquitous contaminants of the
marine ecosystem worldwide, as documented
by extensive research in the last decades (e.g.
Ajith et al. 2020, Lebreton et al. 2019). Although
geographically isolated and protected by
international law, the Antarctic continent is no
exception (Caruso et al. 2022).

to the Antarctic Treaty, since 1998, as a principle
seeks the integral protection and preservation
of the Antarctic ecosystem, reinforcing its value
as an area designated for scientific research
only (Committee of Environmental Protection
1991b). The protocol defines Antarctic Specially
Protected Areas (ASPAs), which are endowed with
geographical and environmental singularities
and should be protected from human
interference (Committee of Environmental
Protection 1991a). For example, ASPAs 128 and
126, located in South Shetlands Islands, Maritime
Antarctica, are sensitive to climate change
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and present extensive ice-free areas where
periglacial processes occur (Lopez-Martinez et
al. 2012). Both ASPAs are home to fauna and
flora representative of the Maritime Antarctica
ecosystem (ATCM 2014, 2016), and the expansion
of ice-free areas, mostly in recent years,
promotes the formation of new landscapes that
affect their occupation (Francelino et al. 2011).

Evidence of plastic contamination in the
Antarctic ecosystem dates back to the 1980s, by
the reported ingestion of plastics by Antarctic
seabirds (van Franeker & Bell 1988). However,
recent studies reported the presence of MPs
everywhere, including the Southern Ocean
(Absher et al. 2019, Isobe et al. 2017, Lacerda et
al. 2019), sediments (Reed et al. 2018, Waller et
al. 2017), sea ice (Kelly et al. 2020), freshwater
(Gonzalez-Pleiter et al. 2020) and marine
vertebrates (Fragao et al. 2021, Le Guen et al. 2020)
and invertebrates (Sfriso et al. 2020). Human
activities carried out below 60° South have been
pointed to as potential endogenous sources of
plastics (Cincinelli et al. 2017, Lacerda et al. 2019,
Munari et al. 2017). Exogenous sources can also
be significant because MPs can be trapped and
eventually accumulate within the Polar Front
and Antarctic Circumpolar Current (ACC) (Isobe
et al. 2017, Lacerda et al. 2019). Although the
abundance of MPs in the open Southern Ocean
is often lower than those reported in other parts
of the globe, their prevalence near coastal areas
is representative (Kuklinski et al. 2019, Tirelli
et al. 2020), however MPs assessments on the
Antarctic beaches are still little explored.

In coastal areas, MPs are components
of sedimentary dynamics (Enders et al. 2019,
Vianello et al. 2013, Zalasiewicz et al. 2016),
opening a range of avenues to be explored
within sedimentology, morphodynamics, and
other related research lines. MPs amounts
are influenced by the distance from sources
of contamination to the sinking area and
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also by energetic dynamics acting within the
sedimentary environments, which reflects in
the granulometry of the sediment (Enders et al.
2019, Mendes et al. 2021). Grain size and sorting
reflect depositional processes and the evolution
of coastal sedimentary environments (Edwards
2001, Folk 1966), and give important clues about
MP-sediment dynamics. For example, MPs are
highly correlated with fine fractions of beach
sediments (Enders et al. 2019, Mendes et al.
2021). Coastal areas of the Maritime Antarctic
region are subject to severe conditions of
marine dynamics and represent mostly high-
energy depositional environments (Chereskin et
al. 2009, Kejna et al. 2013, do Vale Lopes et al.
2022), which can hamper MPs deposition, but
studies on sedimentological parameters and
sedimentary dynamics of modern beaches are
scarce.

This study aimed to evaluate MP
contamination in beaches and coastal areas
occupied by Antarctic marine fauna of two
terrestrial ASPA of the Maritime Antarctica region.
In addition, we evaluated sedimentological
parameters of the sampled environments to
assess relationships to help understand the
dynamics of MPs in Maritime Antarctic beach
ecosystems. We hypothesized these coast
environments would have representative MP
contents given the evidence of MP presence and
their dispersion across the Southern Ocean, and
their beach depositional compartments would
have different sedimentary dynamics that may
influence the presence of MPs.

Study area

ASPA 128

The ASPA 128 (16.8 km?, 58227'40" W, 62°11'50” S)
is located in King George Island, South Shetlands
Archipelago, on the west face of the entrance
to Admiralty Bay (Figure 1). The Admiralty Bay
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Figure 1. Location of sampling transects in ASPA 126 (left) and 128 (right).

is home to research stations and refugees of
different nationalities (Brazil, Poland, Peru, and
Ecuador), which are the main anthropic activities
in the region.

It has a typical marine climate, with unstable
conditions of high atmospheric dynamics (Dgbski
et al. 2017, Kejna et al. 2013). Cyclones transport
relatively warm and humid air, with strong winds
and high precipitation (Bintanja 1995, Ferron et
al. 2004). The average atmospheric temperature
of the region (series 1982-2002, Comandante
Ferraz Antarctic Station) varies from -6.4 °C in
winter to 2.3 °C in summer (Schaefer et al. 2007),

with average annual precipitation (series 1978-
1996) of 506 mm (Marsz & Styszynska 2000). ASPA
128 is located on the leeward coast of the island
since wind directions are predominantly west,
north, northwest, and southeast (Bintanja 1995,
Braun et al. 2001). Leeward coasts accumulate
smaller amounts of plastic and MPs when
compared to windward coasts (Ivar do Sul et al.
2009).

Water flowing through the Bransfield Strait
influences ASPA 128. The main currents of
Bransfield Strait flow in a northeasterly direction,
being influenced mainly by waters from the ACC,
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in the Drake Passage, surface water from the
Weddell Sea, and by the continuation of the deep
current of the Gerlache Strait (Morozov 2007,
Zhou et al. 2002). A stream of warm and salty
water flows below the surface from the ACC to
the north of the Bransfield Strait, spreading out
near the shores of the South Shetland Islands
(Morozov 2007), where King George Island is
placed. At a local scale, there is a predominant
outflow of water from Admiralty Bay to Bransfield
Strait and the superficial circulation of water is
dependent on wind directions (Morozov 2007,
Pruszak 1980).

The nature of beach sediments in the
area is predominantly of volcanic (basalts
and andesites), belonging to the Demay
Point, Utchaka, and Llano Point formations
(Birkenmajer 1980). Holocene and periglacial
features such as moraines, talus deposits, and
raised beaches, uplifted by the glaciogeoisostatic
relief promoted by the melting ice on the island,
are common in coastal areas (Dabski et al. 2017,
Francelino et al. 2011, Schaefer et al. 2007). In
these coastal areas, a characteristic succession
of sediment transport dynamics is identified
from the escarpment, passing through talus
deposits, that often overly to the beach (Dabski
et al. 2017).

In ASPA 128, the fauna is diverse and
comprises birds and mammals, including the
chinstrap penguin (Pygoscelis antarctica),
gentoo penguin (Pygoscelis papua), brown
skua (Stercorarius lonnbergi), elephant seals
(Mirounga leonine), and Antarctic fur seals
(Arctocephalus gazella). Areas inhabited by
birds and mammals promote intense transfer of
carbon and nutrients to the soils, contributing
to the formation of ornithogenic soils, which
afford greater stability against erosion and
favor enrichment by organic matter, allowing
the chemical development of soils (Schaefer et
al. 2007, Simas et al. 2007). Here, ornithogenic
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areas generally occur on marine terraces, at
backshore zones, and are potential areas for the
accumulation of MPs (Moreira et al. 2016).

ASPA 126

ASPA 126 (84.7 km?; 62°34'35” S, 61°13'07" W)
is located on the Byers Peninsula, Livingston
Island, South Shetlands Archipelago (Figure 1).
Livingston Island is, together with King George
Island, part of the warmest and wettest regions
in Antarctica (Banon et al. 2013). Climate on
Livingston Island is also influenced by intense
cyclone formation, with average temperatures
ranging from 1.0 °C in summer to -6.6 °C in
winter. The mean annual precipitation (Spanish
Antarctic Station Juan Carlos | series) is 444.5
mm, with liquid precipitation predominant
in summer. Livingston Island has similar
atmospheric circulation to King George Island in
a Maritime Antarctic context, with low pressure
and cyclones from the Antarctic Peninsula and
Drake Passage bringing moist ocean air to the
southeast coast (Ferron et al. 2004, Banon et al.
2013). On a local scale, wind speeds in the Byers
Peninsula are rarely low, with an average of 26
km h™ and a higher frequency from northeast
and southwest directions (Bafon et al. 2013).

The Byers Peninsula is also influenced by
water masses flowing through Bransfield Strait to
the south and water masses flowing through the
Drake Passage to the north, with a predominant
west-east flow represented by the ACC (Challenor
et al. 1996). The two islands studied here are
opposite extremes of the main current that
flows in the Bransfield Strait, but ASPA 126, at
Livingston Island, is directly influenced by the
Drake Passage’s west-east main flow promoted
by the ACC (Challenor et al. 1996, Morozov 2007,
Zhou et al. 2002).

ASPA 126 represents the largest ice-free area
in Maritime Antarctica (60.6 km?), where drainage
channels are adapted to the network of volcanic
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fracturing (LOpez-Martinez et al. 2016, Quesada
et al. 2009, Villagran et al. 2013). The landscape
results from structural, periglacial and marine
dynamic systems, with Holocene beaches and
paleo-beaches representing up to 19% of the
area (Lopez-Martinez et al. 2016). The lithology
is composed of volcaniclastic, sedimentary, and
extrusive igneous rocks. Periglacial features
such as polygonal soils, raised beaches, and
talus deposits are widespread (Lopez-Martinez
et al. 2016, Villagran et al. 2013). The presence
of drainage channels and the low content of
soluble salts in the beach soils suggest the
occurrence of significant leaching through the
soil profiles, even in soils close to the sea,
where the contribution of marine aerosols is
more abundant (Navas et al. 2008). Having one
of the most complete sets of landscape units
in Antarctica, with characteristic biological,
hydrological, and geological interactions, the
ASPA 126 area is considered a reference site for
studies on terrestrial and coastal ecosystems of
the South Shetlands Archipelago (Quesada et
al. 2009).

MATERIALS AND METHODS

Sampling strategy

Sediments were sampled during the Brazilian
Antarctic Operation - OPERANTAR XXXVIII
(February 8™ - March 1%, 2020). Samples were
collected using a stainless-steel spatula which
was cleaned with a plastic-free paper towel
between sampling procedures to minimize
cross-contamination; samples were sealed in
aluminum foil before transport.

In ASPA 128, 5 beaches facing the entrance
of the Admiralty Bay and the Bransfield Strait
were sampled seeking to assess influences of
the currents that flow in both areas (Figure 1;
Table 1). Sampled beaches have a dissipative
character and sampling was concentrated in
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segments of sandy sediments in beaches with a
representative presence of pebbles and cobbles
(D5and D3).Sediments were sampled (~900 g per
site) in transects on the strandlines (foreshore,
one or two when available), and raised beaches
(backshore; Table | and Figure 2). Strandlines are
in the intertidal zone, with greater dynamics of
reworking and potential transfer of MPs, while
the backshore zone generally acts as a zone
of settlement and accumulation of MPs (Turra
et al. 2014, Moreira et al. 2016). At least three
samples, distanced by ~20 m, were collected in
each transect zone at an average depth of 5 cm.
Sediment samples (~ 300 g per site) were also
collected, in triplicate, in representative areas
occupied by Antarctic marine fauna identified by
the presence of visible excrements. Composite
samples merged individual samples within
each transect and were grouped according to
beach zone or animal occupation (mammals
- Arctocephalus gazella, Mirounga leonine; or
penguins — Pygoscelis antarctica).

In ASPA 126, sampling covered a beach
facing the Bransfield Strait and another beach
facing Drake’s Passage, also to assess influences
of the currents that flow in both areas (Figure
1). Both beaches are dissipative, and sediments
were sampled (~ 900 g per site) in transects on
the strandline, with stratified samples at 0-5 cm
and 5-15 cm (Table 1). Five samples, distanced by
~10 m, were collected at each depth. Composite
samples merged individual samples within each
transect and grouped according to their depth
(0-5 cm and 5-15 cm).

Extraction and analysis of microplastics

At the laboratory, samples were oven-dried
at 50 °C until they reached constant mass. To
obtain composite samples (herein called simply
as samples), single samples were merged in a
glass container and quartered using a stainless-
steel spatula on a paper surface inside a fume
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Table I. Sampling coordinates and description in ASPA 128 and 126.

Transect ID (Composite Coordinates of

Sampling description

Transect on the foreshore zone over a single strandline (n=5). Points

are 15 m apart.

Transect on the foreshore zone over the high (1, n=3) and low

strandline (2, n=3). Points are 25 m apart.

Transect on the foreshore zone over a single strandline (n=5). Points

are 40 m apart.

Transect on the foreshore zone over the high (1, n=3) and low

strandline (2, n=3), and on the backshore zone, over the raised

beach (3, n=3). Points are 40 m apart.

Transect on the foreshore zone over a single strandline (1, n=3), and

the backshore zone over the raised beach (2, n=3). Points are 70 m

apart.

Areas occupied by Mirounga leonina and Arctocephalus gazella

(single samples A1, A3, A6, A7)

Areas occupied by penguins (Pygoscelis antarctica) (single samples

A2, A5, A8).

Transect on the foreshore zone over the strandline, on a beach

facing the Drake Passage. Points are 10 m apart. Samples collected
at depth of 0-5 cm (1, n=5) and 5-15 cm (2, n=5).

Transect on the foreshore zone over the strandline, on a beach

sample) central point
ASPA 128
D1 21E 423589 3099012
D2 (1), (2) 21E 423033 3099281
D3 21E 424886 3102562
D4 (1), (2), (3) 21E 425155 3101011
D5 (1), (2) 21E 424658 3099566
Acl -
Ac2 -
ASPA 126
B1(1), (2) 20E 601929 3054267
B2 (1), (2)

hood to minimize air-born contamination. An
aliquot of 100 g was taken from dried samples
and sieved to isolate particles between 500 pm
and 5 mm in size for further analysis (Hidalgo-
Ruz et al. 2012).

Density separation and chemical digestion

Sediment samples were then density-separated
using a saturated saline solution. In a glass
beaker, samples were mixed with 300 mL of a
saturated solution of NaCl (density = 117 g cm”).
The mixture was stirred with a magnetic stirrer
for 20 min, and then left to settle for 2-24 h
depending on the silt + clay contents (Figure S1;
Table Sll). The supernatant was vacuum filtered

20E 599573 3050927 facing the Bransfield Strait. Points are 10 m apart. Samples collected
at depth of 0-5 cm (1, n=5) and 5-15 ¢cm (2, n=5).

on a paper filter (Quanty, Brazil, @ = 28 um). This
step was repeated two times for all samples.

Particles retained on the paper filter were
then rinsed and covered with H 0, 30% into a
glass beaker for at least 24 h (maximum 240
h) and then vacuum filtered on paper filters
(Enders et al. 2020). Biota-rich sediments were
additionally digested by adding 0.15 parts of KOH
112 kg L' and 015 parts of NaClO 14% of active
chlorine to 0.7 parts of filtered distilled water.
The solution was added to the glass beaker and
the digestion process took place for 5 h, with
subsequent filtering of the samples on paper
filters. For these samples, the digestion step
preceded the density separation step.
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Figure 2. Schematic example of the sampling strategy in transects of the D4 site. Black dots represent sampling

points.

Visual analysis: counting and morphological
description of MPs

Paper filters were visually analyzed with a ZEISS
Stemi 2000-C microscope, equipped with the
AxioCam Erc 5s, at magnifications from 0.65x to
5%, for identification, counting, and description
of potential MP particles. The following criteria
were adopted (Hidalgo-Ruz et al. 2012): no
visible organic structures; fibers with a constant
thickness along their length; particles with
homogeneous and distinguishable colors. The
identified MP-like particles were described and
classified according to the standardized size and
color sorting system (SCS) (Crawford & Quinn
2017).

Polymer identification: micro-Raman analysis

All potential MP particles (n = 91; including fibers,
later disregarded) were submitted to qualitative
characterization using a micro-Raman inVia®
RENISHAW. The spectra were obtained at a 50x
magnification, using a 785 nm laser at 015 mW
on the samples, with an acquisition time of 10
s and 10 accumulations. The spectra acquisition
covered a range from 700 to 1800 ¢cm™, optimal
for identifying the main plastic polymers (Anger
et al. 2018). When necessary, extended spectra

were obtained, covering 200 cm™ to 3200 cm™.
At least three spectra were obtained for each
particle at different particle points.

Spectra were then analyzed using
Spectragryph-id v1.215 software and processed
with adaptive baseline correction and peak
normalization. Polymers identification was
made through Pearson’s correlation algorithm,
relating the entire spectra, original and the
first derivative, with a reference database.
Matches with >70% similarity were accepted,
while those with 40-70% of similarity were
individually examined. It was used the SloPP
and SloPP-E (Spectral Library of Plastic Particles
and Spectral Library of Plastic Particles Aged in
Environment, respectively) reference databases,
made available for free use by the Rochman Lab,
University of Toronto (Munno et al. 2020).

Contamination control

Contamination control approaches were
adopted to reduce cross-contamination risk
in laboratory procedures (Enders et al. 2020,
Frias et al. 2018, Prata et al. 2021). All sample
handling procedures were performed in a fume
hood. A cotton coat and nitrile gloves were worn
throughout the sample handling procedures.
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The samples were stored and handled in glass,
paper, or aluminum containers, avoiding contact
with plastic surfaces. All glassware was previously
cleaned with deionized water previously filtered
on paper filters with pores of ~8 um (Quanty, @
~ 8 um). Chemicals were also previously filtered
on paper filters (¢ = 8 pm) to be considered MP-
free. Inside the fume hood, paper filters were
placed in Petri dishes to monitor the airborne
deposition of particles whenever samples or
reagents were opened to air (atmospheric
blanks, BrA). Contamination control in sample
handling was evaluated with procedural blanks
(BrP), which followed the same processing steps
of the environmental samples.

Three BrA and three BrP showed an average
of 6.6 (+ 1.8) and 4.0 (+ 3.0) anthropogenic fibers
per sample, respectively. The same fibers were
also identified in 14 of the 15 environmental
samples (93%), with a mean of 31 (+ 1.7) fibers
per sample. No anthropogenic particles with
another shape in the size range of this study
were identified in blank samples. Using a
conservative approach, fibers were excluded
from the final results and only fragments, films
and foams are presented here.

Grain size analysis

Mineral particles of the samples were subjected
to a grain size analysis, as proposed by Folk &
Ward (1957). Aliquots of 100 g of dried and sieved
(2 mm; -1.0 ) bulk samples were taken and
sieved in a Ro-Tap machine for 15 minutes. Nine
sieves of successive intervals of approximately
0.5 (0 @; 0.5 ;1.0 ©; 1.5 ©; 2 ; 2.25 @; 3 ©; 3.75
®; 425 () were used, and the retained material
was weighed. Due to the presence of gravel-
sized material (® > 2 mm) in all samples, the
entire gravel fraction, previously separated, was
sieved at successive intervals of 1@ (2 ¢; -3 ©;
-3.75 (p). The data were analyzed using statistical
parameters mean, median, sorting (standard
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deviation), skewness, kurtosis, cumulative and
individual frequency curves. The curves and
statistical analysis were obtained using SysGran
v3.0 software. Results of grain size parameters
were analyzed and classified following the
proposition by Folk & Ward (1957), summarized
in Table SIl. Additionally, the mean particle
density was determined using the volumetric
flask method (Donagemma et al. 2011).

RESULTS
Microplastics in beach sediments from ASPA
128 and 126
This study found large MPs in beach sediments
from two terrestrial ASPA in Maritime Antarctica,
butin low numbers. A total of three MPs and one
anthropogenic particle with unknown synthetic
composition were identified in four of 15 (27%)
samples, and no MP was identified within
samples in animal occupation areas (Table SI -
Supplementary Material). The low MP numbers
found here impaired any generalization of
mean concentration and statistical comparison
between sampled habitats. Because of
methodological limitations in contamination
control, fibers were excluded from the results.
Polymeric compositions of the particles
were efficiently confirmed by micro-
Raman spectroscopy as a yellow fragment
of polypropylene (PP; D4(1) sample, n =
1), a transparent film of polyethylene (PE;
D5(2) sample, n = 1), an orange fragment of
polyethylene terephthalate (PET; B1(1) sample,
n = 1), and, possibly, a white styrene-isoprene
copolymer foam (SI/SIS; D2(1), n = 1). The
presence of a PET particle was unexpected, due
to its density (= 1.55 g cm”) being greater than
that of the saline solution used (= 117 g cm?),
and it was attributed to having been carried by
poorly digested large organic particles — present
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in most of the analyzed filters. Particle’s size
ranged between 0.5 and 5 mm.

The similarity of the polymers spectra from
sampled particles with the database spectra
reached 92% (PE), 84% (PET), 70% (PP), and 45%
(SI/SIS) for the unconfirmed particle. When
closely analyzing spectrum of MP/2/FI/TP/PE
(Figure 3a), the prominent peaks of PE can be
observed at 1064 cm™ 1130 cm™, associated with
skeletal vibrations, and at 1296 cm™, 1418 cm”,
1442 cm™, 1459 cm”, assigned to CH, wagging,
deformation and bending (Lenz et al. 2015).
Spectrum of MMP/0.8/MFR/OR/PET (Figure
3b: B1(1) sample) showed prominent peaks
are 1116 ¢cm™ (C(0)-0 and C-C bonds), 1177 cm™
(ring in plane C-H bonds, and C-C stretching),
1281 cm™ (C(0)-0 stretching), 1453 cm™ (CH, and

LOW NUMBERS OF MICROPLASTICS ON ANTARCTIC BEACHES

OCH bending), 1615 cm™ (ring mode) and 1730
cm™ (C=0 stretching) (Boerio et al. 1976). Peaks
near 2960 cm™ and 3081 cm™, assigned to CH,
vibrations and CH aromatic bonds, respectively,
are reduced and almost imperceptible. The
reduction of these peaks is attributed to the UV
degradation of PET structures (Rebollar et al.
2014).

MMP/0.5/MFR/YL-BL/PP particle has two
colours, and the Raman signal obtained from
representative points of each colour resulted
in different spectra (Figure 4; D4(1) sample).
Both spectra have prominent peaks associated
with vibrations of CC, CH, and CH, bonds of
polypropylene (Andreassen, 1999). However,
colored pigments can mask the characteristic
peaks of polymers (Munno et al. 2020), and it

Intensity (arbitrary units)

LU B S S S S e S S S S B S S S e B S A S S S S S S e

900 1050 1200 1350 1500 1650
Raman Shift (cm'l)

1800

Intensity (arbitrary units)

750 900 1050 1200 1350 1500 1650 2800 3000 3200
Raman Shift (cm'l)

Figure 3. MPs identified in sediment samples with their respective Raman spectra (red lines) and the correlated
spectra from the database (black lines). The red X indicates the position of obtaining the spectrum on the particle.
(a) MP/2/F1/TP-WT/PE particle, D5(2) sample. (b) MMP/0.8/ MFR/OR/PET particle, B1(1) sample.

An Acad Bras Cienc (2023) 95(Suppl. 3)

€20230283 9|21



CAIK O. DE MIRANDA et al.

is likely what is observed here. The spectrum
related to blue pigments of the particle
corresponds to Phthalocyanine Blue (Figure 4), a
dye already observed in a MP particle sampled
in subtidal sediments of the Southern Ocean
(Van Cauwenberghe et al. 2013).

Despite the MP/5/FM/WT particle being
misidentified, it is possible to identify
the prominent peaks of polystyrene and
polyisoprene (Figure 5a): polyisoprene C=C
stretching at 1660 cm™ overlapping the peak
at 1600 cm™ assigned with the stretching or
bending vibration of the polystyrene aromatic
ring; polyisoprene CH, deformation at 1440 cm™,
polystyrene CH bending and polyisoprene CH,
bonds at 1035 cm™ and C-C skeletal stretching
vibration at 1000 cm™ for both polymers
(Arjunan et al. 2001, Sears et al. 1981). The SI/SIS
copolymers are thermoplastic resins, often used
in adhesive, sealing, and elastic materials, and
also added to other thermoplastics to improve
their physical properties. The thermoplastic
nature of this particle was confirmed by
applying the unconventional hot needle test
(Figure 5b). However, as it was not possible to
confirm its polymeric composition, the particle
was classified as anthropogenic.

600 750 900 1050 1200 1350 1500 1650 1800

Intensity (arbitrary units)

300 450 600 750 900 1050 1200 1350 1500 1650
Raman Shift (cm-1)
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Sediment grain size analysis and sedimentolo-
gical parameters
Sediment size ranged from granules to coarse
sand, with the mean grain size ranging from
-1.09 to 0.92 ® (213 to 0.53 mm) (Figure 6a) and
median from -0.81 to 118 ¢ (1.74 to 0.44 mm).
Sorting (1.24 to 2.28 ) indicated poorly and very
poorly sorted sediments (Figure 6a). Negative or
very negative skewness was observed in most
(73%) samples, indicating a reduction in the
tail of fine grains and evidence of the coarse
texture of sediments (Table SlIII). Kurtosis was
the only parameter that showed a high positive
correlation (r, Pearson) with the mean and
median sediment size of samples (0.80 and 0.79,
respectively), suggesting that samples with finer
mean grain size (larger means in the phi scale)
tend to have a leptokurtic character (Figure 6b).

Samples collected in different beach
zones in ASPA 128 do not differ in skewness,
kurtosis, mean, and median grain size (Table
[1). Comparing the surface samples collected
in the strandlines of the two ASPA, sorting was
the only parameter that presented a statistically
significant difference (Mann-Whitney, a = 0.10)
(Table I1).

Particle density and sorting singularities
(Kruskall-wallis, o = 0.10) between sampled

Figure 4. MMP/0.5/ MFR/YL-BL/PP particle, D4(1) sample, with respective Raman spectrum (red line) and the
correlated spectra from the database (black line). Blue line refers to Phthalocyanine Blue spectrum.
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habitats reflected distinct trends in the
cumulative frequency curves (Table II; Figures S2
and S3, Supplementary Material). The individual
frequency curves of sediment samples collected
in the high strandline (Figure 7b) reveal
heterogeneous sedimentation, corroborating
their poor sorting character (Table I1). On the
other hand, samples collected in single and
lower strandlines, still subject to reworking
processes by wave action, are well-sorted
and showed a trend close to unimodal in the
individual frequency curves (Table II; Figures 6a
and 6¢). Samples collected on the backshore,
over the raised beaches, presented a trend close
to bimodal, with a first peak centered at 0 ¢ and
the second peak centered at approximately 3.5
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¢ (Figure 7d), suggesting that mixed sources
supply sediments.

DISCUSSION

This study confirmed the presence of MPs (>
0.5 mm; fibers excluded) in the ASPAs sampled,
but there is no evidence of representatively
widespread contamination. Indeed, the absence
of MPs in most samples does not corroborate
some previousstudiesintheAntarcticecosystem,
when authors reported MP amounts comparable
to those found in lower latitudes (Almela &
Gonzalez, 2020, Cunningham et al. 2020, Lacerda
et al. 2019, Lozoya et al. 2022, Munari et al. 2017,
Waller et al. 2017). However, low numbers of MPs
were also reported in the Southern Ocean and

Intensity (arbitrary units)

875 1050 1225 1400

Raman Shift (cm'l)

1575 1750 2800 3200

Figure 5. (a) MP/5/FM/WT particle, D2(1) sample, with respective Raman spectrum (red line) and the correlated
spectra from the database (black line). (b) Photo of the particle after passing the hot needle test. The red X
indicates the position of obtaining the spectrum on the particle.

An Acad Bras Cienc (2023) 95(Suppl. 3) €20230283 1121



CAIK O. DE MIRANDA et al.

Antarctic sediments, especially in areas far from
human activities (Kuklinski et al. 2019, Reed
et al. 2018, Suaria et al. 2020). These remarks
suggest that MP contamination in Antarctica is
more representative in the vicinity of research
stations, where most human activities occur,
than on open ocean or isolated beaches, as
noted here. For example, half of 60 samples
collected in subtidal marine sediments close to
the Rothera Antarctic Research Station, Adelaide
Island, is contaminated with MP (2 = 5 mm),
especially fibers (Reed et al. 2018). The highest
amounts were found closer to the research
station (0.3 km), while in samples 7 km offshore
it was no longer possible to identify MPs (Reed
et al. 2018). Discharge from sewage treatment
plants, deterioration of infrastructure coatings
from the research stations can act as sources
of MPs (Reed et al. 2018, Perfetti-Bolafio et al.
2022), and other local sources such as ships and
tourism can contribute to this scenario (Lacerda
et al. 2019). Even so, in surveys looking for meso
(1 =10 mm) and macroplastic (> 10 mm) debris
hotspots on beaches of ASPA 126, 7.9 - 39.5
items km™ were found, highlighting that plastic
pollution is actually present in the protected
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areas (Almela & Gonzalez 2020). Moreover, the
smallest amounts of plastic litter were surveyed
on the beach sampled in the present study
(Almela & Gonzalez 2020) and perhaps higher
MP concentrations can be expected on adjacent
beaches of ASPA 126.

To date, few studies have evaluated MPs
presence Antarctic beach sediments, mainly at
Fildes Peninsula (Lozoya et al. 2022, Perfetti-
Bolano et al. 2022). Perfetti-Bolanio et al. (2022)
found MPs (319 pm - 1043 pm) — exclusively
fibers — in 4 out of 6 sediment samples, with
concentrations up to 4 particles 50 mL", although
only one fiber was sampled in the reference
area (ASPA 150, Ardley Island), similar to what
we found here. They investigated a single
sedimentological parameter and identified an
association between fibers occurrence and larger
mean grain size (up to ~1 mm) (Perfetti-Bolafo
et al. 2022). This is considerably less coarse than
most of the sediment sampled in the present
study (Figure 6a), and lower MP abundances
were found here. On the other hand, Lozoya et al.
(2022) found an average of 150.4 particlesm™(1-5
mm), with evidence of local and external sources
of contamination supported by a degradation
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Figure 6. (a) Mean grain size and sorting of all analyzed
samples.
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index (Carbonyl Index). No characterization of
the beach sedimentary environment was given.
As the regional environmental context is the
same, comparing potential MP distribution with
the present study is limited to local factors, such
as proximity to contamination sources. Fildes
Peninsula is one of the most anthropized areas
of Maritime Antarctica, hosting the main airport
to access the region (Teniente Rodolfo Marsh
Airport), and higher MP concentrations are to be
expected than on ASPAs beaches.

The disagreement between results in biota-
rich-sediments (Garcia-Garin et al. 2020, Bessa
et al. 2019, Fragao et al. 2021, Le Guen et al.
2020) suggested that fibers are the dominant
shape of MP contamination found in Antarctic
biota. Therefore, sources of MPs in maritime
Antarctica are not solved yet. It has already been
demonstrated that MPs can cross the ACC barrier
through the wave-driven Stokes Drift (Fraser et
al. 2018, Onink et al. 2019), and be eventually
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trapped in the Antarctic maritime ecosystem
(Isobe et al. 2017, Lacerda et al. 2019). Fieldwork
research also indicate long-distance maritime
and atmospheric transport of MP particles
(Gonzalez-Pleiter et al. 2020, Lozoya et al. 2022).
Authors also highlight that low-density polymers
are associated with long-distance transport,
while high-density polymers and resins are more
prone to have local sources (Jones-Williams et
al. 2020, Lacerda et al. 2019). Low-density (PE,
PP) and resin particles were found here, but
the low numbers do not allow any conclusions
to be drawn about their potential source and
distribution patterns.

Despite the low MP numbers having
hampered the comparison of their distribution in
the different beach environments sampled, MPs
are components within sedimentary dynamics
(Enders et al. 2019), and a detailed description of
environmental factors affecting MP deposition
is substantial for beach assessments. Here we

Table Il. Sedimentological parameters (mean; standard deviation) of samples collected on different strandlines
and the backshore in ASPA 128, and sedimentological parameters (mean; standard deviation) of surface samples
collected from strandlines on beaches of ASPAs 128 and 126.

Sampling environment

Composite samples Mean Median
¢ 0
Single strandline )
D1, D3, D5(1) 041_(0.50) | 0.06, (0.59)
High strandline ) _
D2(1), D4(1) 070, (014) | -012,(0.51)
Low strandline
D2(2), D4(2) -024,(120) | 019, (140)
Backshore
D4(3), D5(2) 040_(010) | 0.20, (0.05)
ASPA 128
D1, D2(1) D2(2), D3, D4(1), | -0.41(0.56) | 0.06 (0.66)
D4(2), D5(1)
avigh 0.40 (0.72) 0.60 (0.77)

B1(1), B2(1)

. . Particle
Sorting Skewness Kurtosis density
(1) gcm?

1.59, (0.07) | -0.31 (0.31) = 090,(0.33) | 2.81 (0.02)
1.79,(0.07) | -016,(0.52) | 054 (0.35) | 2.63, (0.10)
147,(019) | -044_ (015) | 1.27,(0.58) | 2.60, (0.23)
2.00,(039) | 015,(0.07) | 098 (0.02) | 246, (011)
1.58*(018) | -0.31(0.29) 0.93 (0.42) 2.69 (014)
1.27* (0.05) -0.45 (015) 1.95 (0.76) 2.80 (0.20)

| Means with the same letter belong to the same group (Kruskal-Wallis, a = 0.10). Asterisked means represent a significant

difference (Mann-Whitney, o = 0.10).
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explore sedimentological statistical parameters,
used to distinguish depositional environments,
to obtain clues that help explain the low
numbers of MPs found.

Strandlines are the product of the dynamics
of material deposition in recent tidal cycles
(Turrell 2018, Pinheiro et al. 2019), and the
sampled environments differ in sorting and
deposited particle density (Table II). During the
tidal rise, the strandline is suspended by wind-
wave action and is deposited on the top of the
beach into a single strandline, or into upper and
lower strandlines as the sea recedes (Turrell
2018). Results here suggested that sediment
reworked in the lower strandline during sea
retreat is better sorted than that previously
deposited in the upper strandline, while single
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strandline beaches have denser particles
deposited (Table Il). Thus, coarser and heavier
sediment is transported and deposited on the
beach, while the finer and lighter material is
carried back to the water even when energy
decreases on backwash (Martins 1965, Stanica &
Ungureanu 2010), which may also occur with MP
particles. Furthermore, poorer selection in the
upper strandline environment and especially in
the backshore environment may be promoted
by land-based sedimentary input, which is also
suggested by the individual frequency curves
(Figure 7b).

Sorting and skewness are generally
considered environmentally sensitive factors
that reflect the variety of sediment sources and
mixing processes, while the mean and median
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Figure 7. Individual frequency curves for the sampled zones. (a) Single Strandline. (b) Upper Strandline. (c) Lower

Strandline. (d) Backshore.
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grain size reflect the energy associated with
transport mechanisms (Abdulkarim et al. 2015,
Edwards 2001). Negative skewness, observed
in most samples (73%), is predominant on
Holocene beaches and is related to the
intensity and duration of the action of a
high-energy depositional agent such as wave
action, which the input of coarse material can
also accentuate to the sedimentary package
(Martins 2003). In areas more protected from
hydrodynamic action, skewness tends to be
positive (Martins 2003), as observed in the
backshore samples [D4(3) and D5(2)]. The mean
and median grain size of the sediment from the
sampled environments did not show significant
differences and is predominantly coarse
(Table 11), which also denotes a high-energy
depositional environment. Low-density MPs,
such as those found in ASPA 128, are correlated
with low-energetic depositional environments
that sort fine grains (Enders et al. 2019). So, it
is reasonable that MPs were only identified in
the most poorly sorted environments at ASPA
128, since in the sampled beaches sorting acts
on the predominant coarse grains (Table Il) and
maybe selective deposition of MPs is less likely.

Even though the sampled environments
have significant differences in sorting, all
samples are poorly or very poorly sorted (Figure
6a; Table SlI). In the sedimentary dynamics
of beach environments, the cyclic process of
reworking by wave action is expected to provide
constant transport energy and, consequently,
promote the efficient sorting of sediment grains
(Stanica & Ungureanu 2010). However, climate
at the Maritime Antarctica region is greatly
influenced by successive cyclone systems and
turbulent ocean currents with high kinetic
energy (Chereskin et al. 2009, Ferron et al.
2004), and the beach environments are often
characterized as stormy beaches (Fretwell et
al. 2010, do Vale Lopes et al. 2022). Even with
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the beach environments subject to selective
wave action, the susceptibility of these areas to
stormy events may contribute to the formation
of a coarse and poorly sorted sedimentary
package on beaches of ASPA 126 and 128.

Erosion promoted by stormy events also
influences the removal of MPs from beach
surface sediments while fair weather conditions
contribute to their re-deposition on beaches
(Chubarenko & Stepanova 2017). Smaller and
less dense particles settle in low-energy
environments, and, despite it is not yet clear
(Perfetti-Bolano et al. 2022), the behavior of
MPs is expected to be similar (Harris 2020).
For example, beaches protected by seawalls or
beachrocks subject to less energetic dynamics
tend to have higher concentrations of MPs
(Pinheiro et al. 2019), and there is a positive and
significant correlation between the abundance
of high-density MPs with fine sand and
medium silt contents in relatively low-energetic
depositional environments (Enders et al. 2019).
Moreover, finer-grain sediments can entrap MPs
more efficiently than coarse-grained sediments
(Mendes et al. 2021). Therefore, low numbers of
MPs in this study suggest that the sedimentary
dynamics of the beach environment from ASPAs
128 and 126, which favors the formation of a
coarse and poorly sorted sedimentary package,
impair the widespread accumulation of MPs (>
0.5 mm; fibers excluded).

METHODS REMARKS AND LIMITATIONS

Although the low numbers of MPs may reflect a
lower input in the ASPA areas, reinforced by a
beach sedimentary environment that does not
favor the accumulation of MPs, it is important to
emphasize that differences in the used methods
make direct comparisons difficult. For example,
the transect sampling approach used here was
fully exploratory, seeking to identify distribution
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patterns of MP contamination on different
beach strandlines. On the other hand, most
studies that reported high MPs concentrations
in the Antarctic environment used a judgmental
sampling strategy approach, with subjective
sampling points selections based on previous
information about the area (e.g. proximity to
polluting sources, visual inspection) (Lozoya et
al. 2022, Munari et al. 2017, Perfetti-Bolano et al.
2022, Reed et al. 2018). In addition, comparisons
between studies may be hampered by the still
lack of standardization in reported units. Lozoya
et al. (2022) reported 234.4 + 166 particles m? in
beach sediments from Fildes Peninsula, which if
expressed in particles kg' the values would be
comparable to those reported here, although
only one particle was identified in each 100 g
aliquot.

It is also important to clarify that this study
probably underestimates MPs abundance,
for three main reasons. First, fibers are
the most frequently reported morphology
in environmental sediment samples (Van
Cauwenberghe et al. 2015), even in polar
environments (Tirelli et al. 2020), and were not
considered here. Second, small MPs (< 0.5 mm)
tend to be more abundant in the environment
(Prata et al. 2021), and perhaps larger numbers
can be found by lowering the detection size
limit. Finally, the using of saline NaCl solution (d
=117 g cm”) may be inefficient for separating of
high-density polymers (e.g. PVC and PET). Even
though, MP fragments and films have already
been identified in large amounts in assessments
in the Southern Ocean (Suaria et al. 2020,
Lacerda et al. 2019), and represent a potential
ecological risk due to the interaction with the
Antarctic biota (Bergami et al. 2020, Bessa et al.
2019, Fragao et al. 2021).
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CONCLUSIONS AND RECOMMENDATIONS

The present study shows low amounts of large
MP particles (0.5 - 5 mm; fibers excluded) in
sediment samples from beaches at ASPAs
128 and 126, with a maximum abundance
of 1 MP per sample. In most samples (73%),
MP contamination was undetectable by the
analytical procedure adopted here. Low MP
numbers impaired statistical comparisons
between amounts and characteristics of MPs
sampled in different habitats, and the absence
of small MP particles (< 0.5 mm) and fibers
cannot be confirmed, as it is subject for another
study. MP contamination in Maritime Antarctica
seems to be largely heterogeneous. Therefore,
only complete characterization of sedimentary
environments and processes affecting MP
migration, as well as systematization of methods
applied to MP studies, can improve current
knowledge on plastic distribution patterns.
Future studies focused on mammal and bird
excrements should evaluate fiber content as
evidence of MP contamination.

The sampled environments presented
different sedimentological parameters,
indicating these areas are subject to different
sedimentary dynamics. However, the sediment
is predominantly coarse and poorly sorted,
and their high-energy dynamics may explain
the inexpressive amounts of MPs reported
here. Exploring sedimentological approaches
is encouraged in future research with MPs in
Antarctica.

The Antarctic Treaty has norms to regulate
and manage solid waste and liquid effluents,
but an increasing human pressure highlights
the need for more restricted rules by research
stations, refugees, tourists and ships that transit
in the Antarctic environment. Development of
specific and periodic monitoring strategies
is also encouraged, and the MP-scientific
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community has the challenge to indicate which
methods to sample and identify MP in small
scales are better to be adopted in the Antarctic
continent.
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