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ARTICLE INFO ABSTRACT

Keywords: Marine plastic pollution is a global issue affecting ecosystems and various aspects of human life. The scientific
M‘CFOPlaSU_CS ) community is exploring new monitoring and containment approaches. Because in-situ sampling campaigns are
I"'sm‘dmomm““g time and resource demanding, there is a focus on integrating different approaches for marine litter monitoring.
HF radar

Data of two in-situ surveys (using a manta net) were compared to sea surface currents data and derived products
with the aim to find a proxy variable of the plastic occurrence. Sea surface currents data were provided by the
CALYPSO HF network (operating in the Sicily Channel since 2012). Notably, the occurrence of fragment items is
inversely correlated with the total kinetic energy (r> ~ 0.85). This result was confirmed by a Lagrangian tracking
model considering the deployment of virtual drifters around each in-situ measurement point. The proposed
method applied to a wider domain using Copernicus Marine Service (CMS) data revealed that high plastic
accumulation areas could be located at the centre of eddies often occurring in the winter period. However,

Sea surface current
Remote sensing
Lagrangian simulations

uncertainties arise by the moderate-low correlation found between HF CALYPSO and CMS sea current data.

1. Introduction

Marine litter is a pervasive global pollution issue that negatively
impacts various fields including human health and socio-economic
sectors (Lohr et al., 2017; Strain et al., 2022). In 2018, the European
Union (EU) approved the “Marine Strategy Framework Directive (MSFD,
2008/56/EC) aiming to preserve the quality of the marine ecosystem.
Member States interpret the Directive by focusing their actions on
eleven descriptors set by the EU to maintain marine biodiversity, reduce
eutrophication, manage contamination levels in the sea, etc. One of
these descriptors focuses on marine litter, emphasising the importance
of considering the “composition, amount and spatial distribution of litter
and micro-litter on the coastline, in the water column, and on the
seabed” (MSFD, 2008/56/EC). To achieve these goals, several research
activities were conducted to investigate the quality of the marine
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environment, specifically focusing on marine debris.

Marine litter encompasses a wide range of materials with plastics
accounting for around 60-80 % of the total (Garcia Rellan et al., 2023).
Plastic production has globally increased, reaching 390.7 Million tonnes
(Mt) in 2021, with projections suggesting annual production could reach
between 850 Mt and 1124 Mt by 2050 (Crawford and Quinn, 2017;
PlasticsEurope, 2021).

Plastic pollution affects various geographic areas and aquatic eco-
systems (Fu and Wang, 2019; Li et al., 2023; Monteiro et al., 2018; Thiel
et al., 2018; Waldschlager et al., 2022). Despite Europe enacting laws to
reduce plastic production and define proper disposal practices, millions
of tonnes of plastic still end up in the oceans annually, causing envi-
ronmental, economic, and health problems. Mostly of these plastics are
mainly introduced by river runoff and coastline (80%), while about 20 %
mainly belong to lost fishing gears and abandoned vessels (Li et al.,
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Fig. 1. Study area. The red dots represent the sampling transect realized in GSA 15 and GSA 16. (For interpretation of the references to colour in this figure legend,

the reader is referred to the web version of this article.)

Table 1
In-situ sampling transect details.
Year Day* Time (UTC) SS** Lon Lat
2018 11 21:07 M15 15.03 36.27
12 00:20 M17 14.89 35.99
12 17:11 M10 14.84 36.29
12 20:45 M3 14.68 36.35
13 00:16 M4 14.56 36.18
2019 10 04:47 M15 15.03 36.27
10 23:50 M17 14.89 35.99
11 06:21 M10 14.84 36.29
11 20:02 M4 14.56 36.18
11 21:20 M3 14.68 36.35
12 00:59 Al 14.10 36.40

“ All the samplings were carried out in August.
" Sampling transect (central point of the linear path).
" Samplings carried out at the CALYPSO domain boundary.

2016; Lebreton et al., 2018).

Plastic items in the sea behave according to the size and density. For
instance, particles with density higher than 1.02 g cm ™ (Li et al., 2023)
may sink and accumulate in the seabed, while others tend to float on the
sea surface or be suspended in the water column (Fossi et al., 2012; Li
et al., 2023). The position of particles in the water column can change
due to several factors, including biofouling, which can increase their
density and cause them to sink (Van Cauwenberghe et al., 2015; Wright
et al., 2020).

Due to their widespread use, limited biodegradability, and increasing
sources, large quantities of plastic items accumulate in marine envi-
ronments (Narayanan, 2023; United Nations Environment Programme,

2015), raising concerns for marine conservation (Thushari and Sen-
evirathna, 2020).

The scientific community categorises marine plastic items based on
their size including mega (> 1 m diameter), macro (between 2.5cm and
< 1m), meso (between 5 mm and < 2.5cm), micro (between 0.1 pm and
< 5mm) and, nano (<0.1 pm) plastics (Kroon et al., 2018). Each fraction
has a different impact on the marine ecosystem. For example, mega and
macro plastics cause the entanglement of marine species like turtles,
seals, whales, etc. (Kiihn et al., 2015). On the other hand, microplastics
(MPs) are ingested by various species (Lopes et al., 2020; Mak et al.,
2019; Sambolino et al., 2023) entering the food chain and posing risks to
human health (Gruber et al., 2023). MPs have been found in the
digestive system of various fish species in the Mediterranean Sea and
other oceans (Neves et al., 2015; Romeo et al., 2015; Sharma et al.,
2021).

The effects on marine animals are also worsened by the presence of
toxic chemicals in plastics and by the ability of microplastics to attract
other harmful substances (Wang et al., 2019). These factors cause an
adverse impact on the health of marine species and transfer toxic com-
ponents to higher trophic levels (Chatterjee and Sharma, 2019).
Frequently, floating plastics being transported in the open sea converge
and accumulate in areas affected by gyres (Moore, 2008) or eddies
(Beron-Vera et al., 2016; Froyland et al., 2014; Haller and Beron-Vera,
2013). Unfortunately, the accumulation of MPs in high sea productiv-
ity areas (e.g., nutrients, phytoplankton) increases the plastic pollution
impact level.

The Mediterranean Sea is the sixth-highest accumulation hotspot for
marine litter and plastics (Cozar Cabanas et al., 2015). Different types of
plastic particles are found in various areas, including coastal zones, sea
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Fig. 2. Manta Net used during the sampling activities: picture of sampler net during survey (a); schematization of sampler net (b).

Table 2
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Sq differentiated for the various shapes, sampled during the 2018-2019 monitoring campaign; for each transect values reported on the upper row refer to the 2018

campaign, whereas values reported on the bottom row refer to the 2019 campaign.

Sq(m™?)
Transect Fragments Sheets Filaments Foams Granules Pellets Total per transect
M3 0.084 0.024 0.004 0 0 0 0.112
0.055 0.001 0.009 0.007 0 0 0.072
M4 0.147 0.096 0.009 0 0 0 0.252
0.074 0.016 0.003 0.001 0 0 0.094
M10 0.096 0.029 0.004 0.004 0 0 0.133
0.018 0.009 0.015 0 0 0 0.042
M15 0.244 0.003 0 0 0 0 0.247
0.089 0.003 0.021 0 0 0 0.113
M17 0.233 0.073 0.006 0.004 0.021 0.001 0.339
0.143 0.03 0.001 0 0.001 0 0.175
Al - - - - - - -
0.163 0.019 0 0 0 0 0.182
Total per shape 0.804 0.225 0.023 0.008 0.021 0.001 1.082
0.542 0.078 0.049 0.008 0.001 0 0.678
100 100
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Fig. 3. Shape type (%) sampled for the different transects during the 2018 (panel a) and 2019 (panel b) surveys.

surfaces, and seabed (Sebille et al., 2015). Sea surface currents play a
crucial role in defining marine litter accumulation areas, prompting the
development of models to describe physical and thermodynamic pro-
cesses in oceans. This allows the definition of the main circulation pat-
terns which are in continuous evolution and which are also affected by
climate change (Bricheno and Wolf, 2018). When available, High Fre-
quency Radar (hereinafter indicated as HFR) data is preferred over nu-
merical model assessments (Lorente et al., 2022; Reyes et al., 2022).

Integrated approaches combining in-situ data with remote sensing
techniques (Sprovieri et al., 2021) and/or with hydrodynamic models
are crucial for reliable marine litter monitoring. In this work, the Sicily
Channel (in the Central Area of Mediterranean Sea) was selected as pilot
study area due to real-time monitoring of sea surface currents by the
CALYPSO HFR network (deployed within the CALYPSO, CALYPSO FO
Italy-Malta Interreg projects). The significance of this area in terms of
marine biodiversity and socio-economic activities has led to various
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Fig. 4. Sampling views from the stereomicroscope: examples of fragments (top
left), sheets (top center), filaments (top right), foam (bottom left), granules
(bottom center), and pellets (bottom right).

monitoring campaigns. During the summers of 2018 and 2019, the
Consiglio Nazionale delle Ricerche (CNR) with the help of the Agenzia
Regionale per la Protezione Ambientale (ARPA) conducted two multi-
disciplinary surveys aimed at quantifying and characterising micro-
plastics within the CALYPSO HFR network coverage area.

This research presents the outcomes of microplastics laboratory an-
alyses and explores the relationship between the sea surface currents
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(and derived products) and in-situ sampled microplastics. A comparison
with the outcomes of Lagrangian particle tracking confirmed that HFR
surface currents and derived products can serve as a proxy for identi-
fying microplastic accumulation areas. In contrast, the use of Copernicus
Marine Service (CMS) data did not yield satisfactory results.

2. Area of interest

The study area is the Maltese Channel situated between the Maltese
archipelago and the Sicily island, connecting the western- and eastern-
Mediterranean basins. The surveys were carried out in the Geographical
Sub-Area (GSA as defined by the General Fisheries Commission for the
Mediterranean - GFCM, 2009) 15 and 16 of the Mediterranean Sea.
Meandering currents, mesoscale eddies, filaments, and recurrent wind-
driven upwelling events are the main hydrodynamic processes occur-
ring in this region, resulting in intense thermal fronts offshore the
southern coasts of Sicily (Capodici et al., 2019). Additionally, the area is
characterised by the Atlantic Ionian Stream which serves as the main
driver of circulation in the upper layer of the water column (Robinson
etal., 1999), inducing a permanent coastal upwelling along the southern
coast of Sicily, especially during summer seasons (Bonanno et al., 2014).

The hydrodynamics of the area and the geographical features
(characterised by shallow depth and narrow coastal areas) ensure a high
level of biodiversity (Béranger et al., 2004; D'Elia et al., 2009; Lermu-
siaux and Robinson, 2001; Rumolo et al., 2018) thus representing a
hotspot for fishing (Figaard et al., 2017). Furthermore, the study area
represent an important spawning and fishery ground for many pelagic
species (Basilone et al., 2023; Basilone et al., 2021; Basilone et al.,
2013); consequently, mapping the microplastic spatial distribution in
the pelagic fish habitat is a fundamental step, particularly those
consumed by humans. Several productive activities take place in the
area, such as tourism, fisheries, aquaculture, navigation, and energy
extraction (Mangano and Sara, 2017) and other forms of energy
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production (Bonanno et al., 2018; Werner et al., 2016).

3. Materials and methods

3.1. In-situ sampling survey and data analysis
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Two multidisciplinary surveys were carried out onboard the R/V “G.
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Fig. 9. Detailed results of the TrackMPD experiment applied to A1-2019 and M10-2019 in-situ samplings.
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Fig. 10. Fragments of plastic accumulation maps of July and October for the 2018 (a and b panels respectively) and for the 2019 (c and d panels respectively).

Dallaporta” in August 2018 and 2019 in the continental shelf of the
Mediterranean Sea, between Sicily and Malta. The sampling activities
conducted were an integral part of the MEDIAS (EU Mediterranean In-
ternational Acoustic Survey - http://www.mediasproject.eu) in the
waters of the Strait of Sicily (Ben Abdallah et al., 2018; Bonanno et al.,
2021; De Felice et al., 2021; Leonori et al., 2021) and the Calypso South
Project. The project was focused on environmental aspects and the
correlation between microplastics and hydrological data acquired by an

HFR network. Considering that microplastics have small dimensions, do
not weigh a lot, and are characterised by low density, they tend to
accumulate preferably on the sea surface and in the basal area of the
thermocline. Only a small percentage sink to the seafloor. Therefore, the
surveys were conducted using a manta-type net that was towed at the
surface within the area covered by the coastal HFR network (Fig. 1).

A total of eleven transects were sampled for which the starting and
ending coordinates were recorded to calculate the length of the sampling
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Fig. 11. Sea surface current maps (monthly average) provided by CMS and CALYPSO HFR (red and black arrows respectively) for: a) July 2018; b) October 2018; c)
July 2019 and d) October 2019. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

path. In each sampling transect, the net was towed along a linear path
for 20 min, with a speed between 1 and 2 knots. This allowed the surface
water to be filtered through the mesh to collect any MP samples present.
The details concerning in-situ sampling for both 2018 and 2019 are re-
ported in Table 1.

The Manta net is made by a conical mesh connected with a rectan-
gular metal mouth and a collection cup with a filter mesh equal to 300
pm at the end. The setup is kept floating by two empty metal wings
outside the mouth (Fig. 2).

The concentration of microplastics in each transect can be expressed
as the number of objects per m? of filtered seawater, Sy (m~2). The
surface area of filtered water (S) is calculated using the formula:

S=LxW (€))
where:

e L is the length of the sampled linear path.
e W is the width of the manta's mouth.

The observation and analysis of the samples collected during the
surveys were carried out in the laboratories of the Arpa Sicilia Area Mare
UOC. Prior to carrying out the analyses, samples were filtered through a
5 mm sieve and a 300 pm sieve, to recover the microplastics in a beaker
with distilled water. Subsequently each sample was processed under a
stereomicroscope (Discovery.V20 Zeiss) identifying and counting all the
microplastics. Information on the shape (granule, pellet, foam, filament,
fragment, or sheet) and colour, including details on opaqueness or
transparency, was collected.

3.2. CALYPSO HF radars network: data and processing

The CALYPSO HF radar network, which measures sea surface cur-
rents between Sicily and Malta, has been operational since 2012. This
network has continually improved and now consists of seven radars.
During the monitoring campaigns, four HFRs were operational: two
located in Sicily at the harbours of Pozzallo and Marina di Ragusa, and
two in Malta at Barkat (limits of Xghajra) and Ta Sopu (limits of Nadur).
These sites are hereinafter referred to as POZZ, MRAG, BARK, and SOPU,
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Fig. 12. HFR vs CMS scatterplot (U—V components, red and blue dots respectively) for: a) July 2018; b) October 2018; c) July 2019 and d) October 2019; the
following metrics are reported inside the text box: Ugrys and Vrys (average RMS for U and V components), Ry and Ry (correlation for U and V components) Uy, and
Vbias (@verage bias for U and V components, i.e. HFR minus CMS values). (For interpretation of the references to colour in this figure legend, the reader is referred to

the web version of this article.)

respectively. The HFRs covered an area of approximately 11,000 km2.
Each HFR allows hourly measurement of the radial component of sea
surface currents between Sicily and Malta (range resolution of 1.5 km,
azimuthal resolution of 5°). By combining the radial data (considering
radials inside a 6 km radius), the network provides measurements on a
grid basis of the time-volume integral near-surface currents (employing
an HFR at 13.5 MHz, ~1 m of water column is investigated) at an hourly
temporal scale; the final grid spacing is 3 km.

Since microplastics tend to accumulate and disperse by surface cur-
rents (Cincinelli et al., 2018), precise knowledge of sea surface current
fields are essential. Therefore, data from the CALYPSO HFR network
were utilised by selecting HFR maps acquired during the in-situ

samplings. This was done considering that: i) the timestamp of the HFR
maps corresponds to the central time of a 75-min temporal window; ii)
the in-situ sampling needs to be referenced to the central time of each in-
situ transect (hereinafter referred to as the ‘in-situ reference time’). As a
result, spatial and temporal matching were performed. Spatial matching
was achieved by applying a weighted inverse distance function to the
HFR data, while temporal matching was accomplished using linear
interpolation. While the CALYPSO HFR network data boasts high ac-
curacy (Capodici et al., 2019), proper filtering is necessary to remove
data corrupted by external radio frequency interferences. In this
framework, both radial and total sea current data underwent filtering via
QC/QA (Quality Check/Quality Assessment) analyses to select only the



F. Capodici et al.

log10 | TKE - TKE .o |

140E6 12' 18" 24" 30' 36' 42' 48 54150E6

(@)

\HF " T ems

36"

24

log10 | TKE - TKE .o |

36°N

14°E6 12 18" 24" 30° 36' 42

()

Marine Pollution Bulletin 209 (2024) 117237

10g10 | TKE,, - TKE .y c |

140E6 12' 18" 24' 30' 36' 42' 48 54150E6

(@)

Fig. 13. Absolute TKE differences (HFR - CMS) in log-scale for: a) July 2018; b) October 2018; c) July 2019 and d) October 2019.
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Fig. 14. Sq;1Vs Pyacked linear by applying TrackMPD using CMS data as forcings.

best HFR measures for comparison with the in-situ microplastic sam-
plings (Table S1, Annex 1). A comparison was carried out among Sg and
variables related to HFR currents. Specifically, strong correlations were
found between in-situ S and both the Total Kinetic Energy (TKE) units in
m? 572, and the Eddy Kinetic Energy (EKE) units in m? s~2, these latter
derived accordingly to Capodici et al. (2018).

The comparisons encompassed both raw (all S vs TKE and Sq vs EKE)
and QC/QA filtered data, SS;, (Sq; vs TKE and Sq; vs EKE); additionally,
the analyses involved the entire in-situ dataset and most frequent sub-
microplastic classes (i.e, shards, sheets, and filaments). Finally, the
TrackMPD particle tracking model (Jalon-Rojas et al., 2019) was forced
with HFR QC/QA sea currents to verify the reliability of the above

mentioned correlations. Particles were deployed around each in-situ
sampling point three hours before each in-situ sampling (considering a
regular grid 0.02° x 0.02° wide with a spacing of 0.002°). The particles
were tracked for three hours and those remaining within a search range
of 0.01° were counted, Pyqcked, and compared to Sq 1.

3.3. CMS data: concentration of microplastics in wider areas

Several metrics, including correlation coefficient, bias, slope, t-stats
and p-value allowed to determine the reliability of the TKE (and EKE) vs
Sq regression. With the aim to show maps of potential plastic accumu-
lation for the whole Sicily channel the above mentioned regressions was
applied to Copernicus Marine data Service (CMS) at the monthly scale
by employing sea surface currents at 0.042° x 0.042° of spatial resolu-
tion (doi:10.25423/CMCC/MEDSEA_ MULTIYEAR _PHY_006_004_E3R1
). However, CMS sea currents results from numerical simulations. Thus,
who intends to apply the proposed method on wider areas (not
achievable with HFR networks) needs to validate CMS against inde-
pendent data, such as HFR and/or ARGO/drifter trajectories to priory
assess the CMS data accuracies in the exanimated area. For the present
case study, daily CMS and HFR data were compared qualitatively, i.e. by
overlapping the two current fields; and quantitatively, by computing the
differences between TKE and EKE (at the monthly scale). Finally, by
considering deployment scenario previously described in Section 3.1,
the TrackMPD particle tracking experiment was repeated but using the
CMS data (same deployment scenario employing forcing the model with
CMS hourly data).


https://doi.org/10.25423/CMCC/MEDSEA_MULTIYEAR_PHY_006_004_E3R1
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4. Results and discussion
4.1. In-situ sampling results

The microplastics sampled during the monitoring surveys were
quantified and classified, through the stereomicroscope analysis, basing
on their shape. The quantities, for each fraction, are reported in Table 2
and represented in Fig. 3. In Fig. 4, the six categories considered are
presented.

During both the 2018 and 2019 surveys, and across all transects,
‘fragments’ were the most abundant shape. However, there were some
differences between the two years. In the 2018 campaign, the second
most abundant shape was ‘sheets’; whereas in 2019, the variety of
shapes increased in several transects. A large number of ‘filaments’ were
also collected at M10.

4.2. CALYPSO HFR data results

The TKE and the EKE maps related to the QC/QA selected in-situ
samplings (SSp) are presented in Figs. 5 and 6 respectively.

It is noticeable that the area is characterised by TKE energy values
ranging from approximately 0.005 m?~2 up to about 0.1 m?~2. Spe-
cifically, TKE; maps display a narrower range of variability, ranging
from around 0.005 to approximately 0.052 m?s~2. EKEj, spans between
0.005 m?s~2 and 0.1 m?s~2 even if it is almost constant within the HFR
domain (~ 0.01 m?s~2) and characterised by small areas with higher
values (from 0.02 up to 0.05 m? s’z), especially for M3-2019, and
M10-2018 and M10-2019. Notably that the SS; are mostly located
within the CALYPSO domain, whereas the excluded ones, SSyj, are sit-
uated near the boundary and/or in the peripheral area of the CALYPSO
domain (Figs. S1 and S2, Annex 1).

TKE vs Sq and EKE vs Sq; exhibit > ~ 0.7 and ~ 0.4 respectively and
are characterised by a negative slope meaning that the higher TKE (or
EKE) the lower microplastics occurrences.

Notably, that the highest r* were found by restricting the analysis to
the fragments subsamples (the most frequent microplastic class) with
TKE;vs Sq 1 characterised by ?~0.85 (Fig. 7 and Table 3). These results,
especially regarding the TKE vs Sq; regression open the possibility to
consider the TKE as a proxy variable of microplastics accumulation. As
very low r? were characterising the EKE; vs Sq1 regression for all the
subsamples, only the TKE; vs S4; will be considered from now on.

The significance of the TKE; vs S4; regressions evaluated via a sta-
tistical test (Table 3) highlighted that the regression t-stats are higher
than the t-critical (Number of observations 6, Error degrees of
freedom = 4, t-critical = 2.776) whereas the p-values are lower than the
critical one (a/2), with a significance level of a equal to 5 10’2, only for
the fragment category.

The Lagrangian model forced with HFR data evidenced a strong Sg ¢
Vs Pyacked linear relation (Fig. 8). As expected, the highest Pyqckeq points
were found within the search range around the point characterised by
the highest Sq; (A1-2019); vice versa, the lowest Pyqcked value was
associated to the M10-2019 where the minimum of Sg; were found in-
situ (Fig. 9).

4.3. CMS data results

A desirable applicability of the TKE; vs Sq; regression to wider do-
mains requires employing CMS data. As an example of outputs, maps of
the possible plastic-fragments accumulation in the whole Sicily channel
were derived using CMS monthly data of 2018 and 2019. From the
summer (July) and autumn (October) periods maps (Fig. 10) it is
noticeably that high plastic accumulations could be verified at the centre
of eddy structures (small-scale/gamma-mesoscale) occurring in the
area.

Unfortunately, the accuracy of output maps could be compromised
when the method is applied to simulated sea surface current fields, such
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as those provided by CMS. Indeed, comparisons between CMS-derived
and HFR-measured sea surface current fields in the study area have
shown that the CMS model often exhibits significant inaccuracies
(Figs. 11-12). Differences are observed in terms of sea current direction
and magnitude resulting in moderate to high TKE differences. In
particular, absolute TKE differences spans between 0 and 0.05 m?s 2.

Notably that the best agreement was found for October 2018 in
which large part of the domain exhibits limited TKE differences (of
4+0.005 m?s~2, 0.5-1.5 in the log-scale, Fig. 13). The higher reliability of
the CMS current field of October 2018 is underlined by the moderate
vectorial correlation value (R, ~ 0.6, average value of the period) and
close to zero rotation angle (6yec ~ 0.9°, average value of the period)
computed according to Kundu, 1976. For the other three periods no
satisfactory results were achieved.

Finally, the TrackMPD was repeated forcing the model with CMS
hourly data resulted in a null Sq; Vs Pyracked relation (Fig. 14).

5. Conclusions

Two multidisciplinary monitoring surveys were performed in 2018
and 2019 in the framework of the MEDIAS and the CALYPSO South
Project. These focused on analysing marine plastic pollution in rela-
tionship to the surface circulation observed by the HFR network. The
quantification and categorisation of sampled microplastics revealed that
fragments are the most abundant type. Furthermore, the variety of
microplastics sampled, in terms of shape, highlights how pollutant
sources are diverse and possibly connected to various activities. Due to
the challenges of conducting in-situ sampling campaigns and the
inability to monitor large areas in reasonable timeframes, the possibility
of integrating remote sensing approaches, was evaluated.

This work proposes an innovative approach for monitoring plastic
litter. A combined methodology was applied in the Maltese Channel,
enabled by the availability of sea surface current data from the
CALYPSO HFR network and in-situ sampling of microplastics (MPs). An
investigation was conducted into whether the total and eddy kinetic
energy of sea surface currents correlates with the occurrence of in-situ
collected MPs, aiming to determine if kinetic energies could serve as
proxies for mapping microplastic accumulation and dispersion areas.
Both TKE vs Sq and EKE vs S4 inverse regressions figure out in this study,
suggest that the accumulation areas could be those characterised by
lower TKE and EKE values. Of the two, TKE exhibit the highest corre-
lation with the in-situ Sq (r? ~ 0.85 for the fragments of plastic fraction).
However, it should be noted that this link could be biased due to local
effects. For example, an opposite behaviour is expected in cases where
high amounts of microplastics are trapped by sea surface currents. This
can be evidenced when extreme rainfall occurs during the summer
period in the Sicilian Channel, where the Atlantic Ionian Stream is the
dominant circulation feature.

The analyses presented here also highlight that occurrence of frag-
ment items are highly correlated with TKE, indicating that this type of
microplastic primarily drifts by sea surface currents, whereas other types
of microplastics are likely influenced not only by marine currents but
also by other forcings such as wind actions. A Lagrangian experiment,
involving the deployment of virtual drifters on small regular grids
around each in-situ sampling point, revealed that when the model is
forced with HFR data, a larger number of particles remain close to the
points where higher microplastic accumulations were actually observed.

The application of the TKE vs S4 regression to wider domains through
the application of CMS data reveals a widespread distribution of
microplastic in a moderate concentration (ie. Sqg ~ 0.2 obj )
throughout the Sicily Channel. Moreover, areas with strong current jets
exhibit near-zero concentrations, whereas accumulation peaks are
observed at the centres of eddy structures commonly occurring in the
area both in summer as well as in autumn-winter periods. However, the
accuracy of these outputs could be limited as CMS-derived and HFR-
measured sea surface current fields were compared showing that CMS
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often exhibits significant inaccuracies in the area.
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