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Areas like the Mediterranean coastlines, which have high population density, represent locations of high pol-
lution risk for surrounding environments. Thus, this study aims to compare data on the abundance, size, and
composition of buoyant plastic particles collected during two weeks in 2019 in the Ligurian and Tyrrhenian Seas
with data from 2018. The results from 2019 show average meso- and microplastic particle concentrations of
255,865 *+ 841,221 particles km ™2, or 394.19 * 760.87 g km ~2; values which differ significantly from those
reported in 2018. Microplastic particles accounted for 88.7% of the sample; the majority of which had a size

range being between 1 and 2.5 mm. These data are an important milestone for long-term monitoring of the
highly variable plastic pollution levels within this region; showing overlaps in zones of pollutant accumulation in
addition to increased overall concentrations of plastic particles compared to previous data.

1. Introduction

Since the initial studies focusing on the investigation of plastic
particles present in marine environments were published, there has
been an exponential increase in the amount of publications released on
the topic (Ryan, 2015). Such studies often quantify meso- (20 cm to
5 mm) and microplastic (< 5 mm) particles (Eriksen et al., 2014)
within these marine environments, and many have focused on the re-
gions identified to be areas of high accumulation; regions in the North
and South Atlantic, North and South Pacific, and the Indian Ocean;
which are also known as “garbage patches” in the subtropical gyres
(Cozar et al., 2014). However, recent studies have indicated the Med-
iterranean Sea is also highly impacted by plastic particle pollution;
accumulating as much as 5% - 10% of global plastic mass (Van Sebille
et al., 2015). As much as 1.25 microplastic fragments m ™2 are present
within its waters and up to 101,000/km? present in the sediment on the
sea's floor (Galgani et al., 2000; Suaria et al., 2016). Thus, the Medi-
terranean has been referred to as the world's 6th largest accumulation
zone for marine litter, and multiple studies have been conducted in an
effort to quantify the amount of plastic particles present there
(Collignon et al., 2012; Faure et al., 2015; Pedrotti et al., 2016; Ruiz-
Orejon et al., 2016; Giindogdu, 2017; Giindogdu and Cevik, 2017;

Giiven et al., 2017; van der Hal et al., 2017; Baini et al., 2018; Ruiz-
Orejon et al., 2018; Caldwell et al., 2019).

In addition to the high population density within the Mediterranean
region (e.g. approximately 100 million people are estimated to live on a
10 km coastal strip), nearly 200 million tourists visit the region within
the year (CIESIN, 2012; Galgani, 2014). During the summer season,
which is known to have the highest numbers of tourists, the con-
centration of marine pollution is increased by as much as 40% (Galgani,
2014). To keep up with the high demand for plastic products generated
by high population density and a booming tourism industry, the plastics
industry within the 22 Mediterranean countries produces roughly 76 kg
of plastic per person per year living within the region; which is 10% of
the global plastic production values and makes the region the 4th lar-
gest producer of plastic goods (DalbergAdvisors, 2019). The high plastic
particle pollution concentration reported for the region is likely heavily
influenced by the presence of these two key industries (e.g. plastics
production (DalbergAdvisors, 2019) and tourism (CIESIN, 2012)). In
addition, the Mediterranean Sea is an enclosed basin with a high rate of
shipping and marine traffic, which also contributes to the high particle
concentration found therein (Cézar et al., 2015).

As the amount of plastic pollution present in the Mediterranean rises
and chemical and mechanical weathering break down plastics into
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smaller, more readily bioavailable sizes, the likelihood that wildlife will
interact with plastic particles increases. The impact of the resulting high
environmental plastic particle concentration has been observed in
multiple studies conducted on organisms which inhabit the region. In
studies whose focus was fish collected from Mediterranean waters, it
was shown that as much as 58% of the fish residing near the surface had
ingested microplastic particles and as much as 33% of fish which live
and feed at the sea bottom ingested microplastics (Bellas et al., 2016;
Giiven et al., 2017). The effects of ingesting these particles have been
shown in laboratory studies to range from inflammation to decreased
feeding and growth rates and even starvation for various species
(Connors and Smith, 1982; Moore, 2008; Von Moos et al., 2012; Watts
et al., 2015). Filter feeding organisms common in the region are also
known to ingest microplastic particles, with as much as 46% of mussels
sampled for study containing plastic particles (Digka et al., 2018). Skin
biopsies from fin whales and analysis of muscle tissue from basking
sharks, whose feeding grounds are within the Mediterranean, also
showed traces of phthalates (i.e. a type of additive commonly used in
plastic products to improve their mechanical properties) (Fossi et al.,
2014; Fossi et al., 2016).The overall impact of these effects can be made
worse by the adsorption and desorption of additional chemical pollu-
tants, or by the leaching of common additives (Rochman et al., 2013;
Brennecke et al., 2016; Fossi et al., 2016).

These study results highlight the importance of monitoring the le-
vels of plastic particle pollution in highly affected regions during dif-
ferent seasons and years in order to determine long-term trends in
particle concentrations. Thus, the aim of this work was to get a first idea
about the temporal and spatial abundance, size, and composition of
buoyant plastic particles (e.g. mesoplastics and microplastics) in the
Ligurian and the Tyrrhenian Seas using a comparison of samples col-
lected in 2019 with those collected during a sample campaign in 2018
(e.g. Assessing Plastic Pollution in the Ligurian and the Tyrrhenian Seas,
Caldwell et al. (Caldwell et al., 2019)).

2. Materials and methods
2.1. Sample collection

20 surface samples were collected in the Ligurian and Tyrrhenian
Sea (Fig. 1) between June 1° and June 14, 2019. Samples were col-

lected from the surface water in 30-minute intervals using a manta
trawl (330 um mesh; 16 x 61 cm frame opening; Five Gyres Institute,

TE 8°E O°E 10°E 1°E 12°E e

42°N:

8°E 9°E 10°E 1°E 12°E

8°E 9°E 10°E

Marine Pollution Bulletin 159 (2020) 111515

USA). The trawl was towed at an average speed of 2 knots on either
starboard or port side; with the side used for collection being altered to
ensure collection always occurred upwind from the vessel. To position
the trawl, a spinnaker pole was used. The spinnaker pole put the trawl
2 m away from the vessel, thus ensuring it was outside of the wake and
that loss of samples due to downwelling of debris was avoided. The
outer side of the trawl's collection net was rinsed with fresh water to
ensure that plastic particles sticking to the sides of the net were washed
into the final collection bag. Once the entire sample was washed into
the collection bag, it was emptied over a 300 pm mesh size metal sieve.
Plastic particles that were larger than 300 pm were collected from the
sieve using metal tweezers.

2.2. Sample preparation and visual identification

After the initial sieving, filtered (metal sieve; 100 pm mesh) salt-
water was added into sample containers in order to density separate
smaller plastic particles from the other organic matter collected. Plastic
particles found floating on the surface of the filtered saltwater were
collected with metal tweezers. Additional sorting of particles whose
material composition was still uncertain after the density separation
was conducted using a dissecting stereo microscope (Leica) and la-
boratory tweezers. At least two crew members checked each sample to
increase the likelihood that all plastic particles were detected. All
plastic particles were then transferred to 50 mL Falcon tubes and
transported to a laboratory for further analysis. The final sorted samples
in their respective falcon tubes were dried under vacuum 24 h at 65 °C
in a Binder vacuum oven prior to their final storage for future studies.
To prevent contamination, samples remained in sealed containers until
their handling was necessary and cotton lab coats and latex gloves were
worn during the handling.

2.3. Classification

Once the particles were completely dry, the mass of each sample
was obtained using an AG204 Delta Range balance (readability and
repeatability 0.1 mg (Mettler-Toledo, 2004)). Dried particles were then
placed on a grid composed of 5 mm by 5 mm squares; thus allowing for
the further differentiation of particles which belonged to the meso- and
micro-size categories; and photographed with a Canon EOS 70D.

Particles belonging to the two size categories were then further
sorted into five categories based on their shape and properties. The
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Fig. 1. Maps from the 2018 and 2019 surveys showing the sampling sites and the particle concentration (circles) expressed as number of particles per square
kilometer. Circles of varying sizes and colors (according to the legend shown) are used to represent the total meso- and microplastic concentration of each sampling
site. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Pie charts representing data collected for the ratios of the particle shape categories by count and mass, and the ratios for the size of all plastic particles present
in the samples. A more detailed size breakdown for each shape category can be seen in Fig. SI2.

shape categories selected were fragments, foams, films, pellets, and
lines. 561 total representative particles (500 fragments, 14 films, 27
lines, 10 pellets, and 10 foams) were then randomly selected at a ratio
similar to their overall occurrence (Fig. 2). In order to ensure a single
particle was not used to represent an entire category, a minimum value
of 10 representative particles per shape was implemented.

2.4. Attenuated total reflection Fourier transform infrared spectroscopy
(ATR FTIR)

Analysis of the chemical fingerprints from representative particles
were conducted as previously reported (Caldwell et al., 2019). Briefly, a
Perkin Elmer Spectrum 65 FTIR Spectrometer equipped with a Perkin
Elmer universal attenuated total reflection (UATR) accessory and
pressure arm was used to obtain the chemical fingerprints of the total
561 representative particles. A combination of 10 spectra ranging from
4000 cm ™! to 650 cm ™! were collected and averaged for each particle,
analyzed with the accompanying Perkin Elmer Spectrum 10 software,
and compared to the pristine polymer spectra in the Fluka library. Best
matches (typically > 70% similarity) provided by the library are re-
ported, with few false positive values identified and discussed.

2.5. Data processing

The sea surface distance trawled was calculated using the Global
Positioning System data; which was multiplied with the width of the
trawl to determine the sample area and the particle concentrations were
divided by this value as previously reported (Caldwell et al., 2019). The
final concentrations are reported as number of particles per square
kilometer (particles km~?2) and mass per square kilometer (g km~32).

Calculations were carried out in Microsoft Office 365 Excel workbooks
and subsequent charts used to represent the final data were created
with Origin 2016 software. The length and width of all photographed
particles were measured utilizing Fiji (ImageJ version 1.52) software,
and the largest dimension was used to classify the particles into the
aforementioned size categories.

3. Results

Plastic particles were present in all 20 samples collected from the
surface waters of the Tyrrhenian and Ligurian Seas; with the total
number of tangible particles collected being 7756. Particle size data
revealed that 88.7% of the sample was microplastic particles (< 5 mm),
with 11.3% being mesoplastic particles (5 mm to 20 cm). The majority
of the plastic particles (i.e. 55% of all particles collected) were within
the range of 1-2.5 mm (Fig. 2). The calculated final concentrations of
buoyant plastic particles ranged from 1286 to 3,814,018 particles
km 2, depending on the sample location, with an average of 255,865
particles km 2 and a standard deviation of 841,221 particles km™2.
This total plastic particle concentration could be further broken down
to show an average of 21,938 + 35,045 mesoplastic particles km ™2
and 233,927 + 810,357 microplastic particles km ™2 were collected.
The mesoplastic particle concentration ranged from 0 to 147,120 par-
ticles km ™2 while microplastic particle concentrations ranged from
1286 to 3,666,898 particles km ™ 2. The additional sorting of the parti-
cles based on their shape showed that fragments accounted for the
highest percentage of meso- (50.8%) and microplastics (94.8%) col-
lected (Fig. 2).

Data obtained from weighing the particles revealed a range from
0.64 to 3298.40 g km~2 with an average of 394.19 + 760.87 g km ™2
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Fig. 3. The final ratios of particle shape for the overall sample (A) and representative images of the particles from each shape category. The categories include films

(B), pellets (C), foams (D), lines (E), and fragments (F). Scale bars: 10 mm.

of plastic particles collected. Fragments were found to account for the
majority (76.4%) of the total mass of the collected particles (Fig. 2).
This result is in good agreement with particle count data, which shows
fragments account for 90.8% of the overall sample (Fig. 3).

When it came time to select representative particles for chemical
fingerprint analysis, the overall ratio for particle shape (Fig. 3) was used
as the main selection criteria guide, but with a slight modification made
to ensure each category had a minimum of 10 representative particles.
The final average ATR FTIR spectra collected for each of the re-
presentative particles showed that the main plastic types present in the
sample were polyethylene, polypropylene, polyamide, and polystyrene
(Fig. 4). Multiple additional polymer types (e.g. poly(4-methyle-1-pen-
tene), poly(1-butene), poly(vinyl alcohol), epon, poly(isobutyl metha-
crylate), and vinylidene chloride, vinyl chloride copolymers) were de-
tected at very low percentages and were sorted into a category titled
‘other’ (Fig. 4). Spectra from representative environmental plastic
particles are shown in comparison to the reference spectrum in Fig. SI3.

Polyethylene and polypropylene are predominant in all categories
other than foams, which were all composed of expanded polystyrene. A
single fragment was matched to Paraffin (0.2% of all representative
particles). Additional matches were found for chemicals such as 3-
Aminopropyltrimethoxysilane (0.2% of all representative particles) and
triethylene glycol variants (0.2% of all representative particles); com-
monly used in adhesives or paints; and 1,2,3,6-
Tetrahydrobenzylalcohol (0.4% of all representative fragments); com-
monly used as an additive in plastic food packaging (Environmental
Protection Agency (EPA), 2019a; Environmental Protection Agency
(EPA), 2019b). Matches were also made with sodium salt containing
compounds (0.6% of all representative particles). Small amounts of
matches were made with additional organic materials such as chitin
(0.6% of all representative particles).

4. Discussion

The particle concentrations reported in the current study, both by
count and by mass (ie. 255,865 + 841,221 particles km~2 and
394.19 = 760.87 g km™2 on average), are higher than the values
reported for samples collected the previous year (i.e. 28,376 + 28,917
particles km ™2 and 268.61 = 421.18 g km™2 on average) (Caldwell
et al., 2019). High heterogeneity between samples was observed; which
has been previously reported for the same region during the study
conducted in 2018, where data showed a particle concentration range
of 0.45-1999.79 g km ~2 by mass or 1009-122,817 particles km 2 by
count (Caldwell et al, 2019). Such high sample variation lead

researchers to argue that environmental sampling campaigns within the
region provide a snapshot of the state of the Mediterranean which is
temporally specific (Guerrini et al., 2019). Thus, differences in the
concentrations obtained at different times, particularly if the samples
are collected years apart, are likely to be the result of the region's
heterogenous pollution distribution (e.g. as a result of changes in
oceanographic conditions in addition to variations in tourism caused by
seasonal changes (Galgani, 2014, Fossi et al., 2017)). It is well known
that surface water concentrations of plastics are highly dependent on
wind speed and wave height (Kukulka et al., 2012). Thus, one plausible
explanation for this clear difference between the 2018 and 2019 survey
is that the oceanographic conditions (e.g. wind, waves, current) were
different, which was also a key factor that prevented samples from
being taken at the exact same location during both years. This argument
becomes even more valid when taking into account that during both
surveys the same methods, protocols, and equipment were used by the
same operators.

Variations detected in the chemical fingerprint of plastics may be
the result of the addition of chemical compounds such as dyes into the
plastic products during their manufacturing (Barbes et al., 2014). These
alterations in the chemical fingerprint of the plastic product likely ac-
count for the portion of particles analyzed via FTIR in this study that fell
into the non-polymer matches in Fig. 4 (e.g. 3-aminopropyltrimethox-
ysilane and triethylene glycol variants; commonly used in adhesives or
paints; and 1,2,3,6-tetrahydrobenzylalcohol; commonly used as an ad-
ditive in plastic food packaging) (Environmental Protection Agency
(EPA), 2019a; Environmental Protection Agency (EPA), 2019b). In spite
of these potential interferences in the chemical fingerprint analysis,
utilizing FTIR to categorize the materials that compose the particles
collected in environmental samples is necessary to ensure biopolymeric
particles (i.e. chitin, lignin, cellulose) are not included in the final data
reported.

A finding of particular interest was a single fragment with a che-
mical fingerprint that matched paraffin at sample site 17 (see Fig. SI1).
In 2018, Suaria et al. reported the finding of more than 350 kg of yellow
wax lumps, such as paraffin, along a 5 mile front across the northern
side of Elba Island as well as double the amount along a 200 km stretch
of coast in Tuscany; all of which was known to have been discharged
from a ship during tank-cleaning operations (Suaria et al., 2018). As the
paraffin found in the current study was present in a sample collected
from the same area, our finding might be linked to this event. Even if
this is not the case, it does show that such paraffin-based waxes are still
being discharged into the waters; with the impact of such pollution
evident in damages to the local coastal municipalities.
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Fig. 4. The polymer composition of the entire sample of representative particles (top left) and the polymer composition for the particles sorted according to their
shape. Data was obtained for a representative sample of 561 particles (500 fragments, 14 films, 27 lines, 10 pellets, 10 foams). The color legend used for all pie charts
except the ‘other’ category in the figure is displayed in lower left corner of the whole sample box. A breakdown of the polymer types included within the ‘other’

category is seen with its own color legend in the last pie chart.

Additionally, chemical fingerprint analysis revealed that a majority
of the plastic particles were composed of polyethylene (50.3%), with
polyamide (30.4%), polypropylene (10.9%), and polystyrene (1.9%)
also accounting for large portions of the sample. Similar findings
(Table 1) were seen in the data from the previous year (e.g poly-
ethylene at 46%, polypropylene at 19%, polyamide at 19% and poly-
styrene at 8%) (Caldwell et al., 2019). During both surveys the majority
of the plastic particles found were made out of polyethylene while the
minor part was polystyrene. In 2019, the amount of polyamide in-
creased 10% in comparison to polypropylene, which was found to have
almost double the amount. As stated previously, such differences could
be due to oceanographic variation between the two years as well as the
fact that sampling was not always possible at exactly the same site.
However, a clear trend is visible; with polyethylene as the main and
polystyrene as the least occurring material found. This also stands in
agreement with data published in 2019 by Erni-Cassola et al.,

highlighting the environmental prevalence of each polymer type, with
PE as the most abundant followed by PP, PA, and PS (Erni-Cassola et al.,
2019).

Subdivision of the plastic particles into the five shape categories (i.e.
film, foam, fragment, line, pellet) revealed the vast majority of the
sample, both by count (90.8%) and by mass (76.4%), was composed of
fragments. This stands in agreement with both the 2018 study, which
showed fragments composed 65% of the overall sample, and other lit-
erature; Baini et al. (81%) and Giindogdu and Cevik (~60%) have re-
ported the largest fraction of their samples were plastic fragments
(Gilindogdu and Cevik, 2017; Baini et al., 2018; Caldwell et al., 2019).
However, while both surveys did reveal a majority of fragments, there
is a clear increase of about 25% between the 2018 and the 2019 survey.
This could be explained by the different sampling sizes (e.g. 34 samples
in the 2018 survey compared to 20 in 2019 while larger sample num-
bers enable a more precise picture off the overall situation) or by
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Table 1
Data summary from 2018 published in Caldwell et al. (2019) and 2019 (from
this paper) including particle number, size, and composition.

2018 2019
Number of samples 34 20
Total (particle number collected) 1892 7756
Total (particles km~?2) 964,789 5,117,307
Average (particles km ~2) 28,376 255,865
Deviation (particles km ~2) 28,917 841,221
Particles sizes (% of total) > 5 mm 35 11.3
5-2.5 mm 41.6 29.5
2.5-1 mm 21.6 55
<1 mm 1.7 4.2
Composition (% of total) PE 46.4 50.3
PP 18.6 10.9
PA 18.6 30.4
PS 7.9 3.9
other 8.6 4.6

differences in other parameters such as the variation in the number of
representative particles chosen for the FTIR analysis (e.g. 140 in 2018 vs
561 in 2019) as well as the differences in the oceanographic conditions
(e.g. wind, waves, current) (Caldwell et al., 2019).

The high abundance of these microplastic fragments is hypothesized
to be the result of the mechanical weathering by wind and waves and
the chemical weathering by UV light of macro- and mesoplastics pre-
sent in the region. However, it is important to note that certain shape
categories, such as pellets and lines, are likely to be present as a direct
result of different industries present within the region. Small pieces of
lines or nets are known to come directly from wear-and-tear of fishing
equipment (Moore, 2008). Pellets are known to be the precursors used
to create plastic-based products. As such, their prevalence in the sam-
ples may be the result of a mishandling of production materials by the
plastics industry, which is known to have a strong regional presence
(DalbergAdvisors, 2019).

It is additionally important to consider that only buoyant plastic
particles were sampled during this study as a result of the trawling
collection technique used. Thus, plastics composed of low-density
polymers (e.g polyethylene, polypropylene (Suaria et al., 2016)) are
more likely to stay afloat for longer periods of time and are therefore
more likely to be collected. These plastic types are reported to be the
main materials utilized for the manufacturing of common consumer
goods such as food packaging, plastic bags, and other single-use pro-
ducts that have been reported to be common sources of litter in the
marine environment and beaches (Xanthos and Walker, 2017;
PlasticsEurope, 2018; Asensio-Montesinos et al., 2019). A recent pub-
lication which focused on beach pollution within the Mediterranean
region reported that the main sources of such litter are beachgoers,
wastewater runoff, and fishing (Asensio-Montesinos et al., 2019). As
marine litter in the region is shown to increase by 40% during the high
season for tourism, this is likely a key source of the plastic particles
found during sample collection (CIESIN, 2012).

While tourism has an impact on the number of plastic particles
present within the region, understanding the source of the particles and
the high variability in particle abundance between samples requires one
to consider many other factors. These factors include the proximity of
the sample site to busy harbors (e.g. Port of Genoa), industrial zones,
popular shipping routes (e.g. Genoa or Livorno to Barcelona), or rivers
(e.g. the Magra, Serchio, Arno, Ombrone, Tevere, Tavignano, Golo,
Tirso, and Flumendosa). Additional consideration should be given to
the influence of wind and ocean currents on the movement of the
buoyant plastic particles collected (Guerrini et al., 2019). Regions
where ocean currents are weak or move in a cyclonic fashion will be
more likely to see the accumulation of plastic particles than regions
where currents are strong. Thus, it is not enough to consider the
proximity of popular tourist destinations or large industrial zones to the
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sample site alone; additional attention must be given to the influence of
the marine environment.

Models created utilizing satellite data by Fossi et al. have been used
to predict potential accumulation zones for plastic particles present in
the Ligurian and Tyrrhenian Seas based on such environmental influ-
ences (Fossi et al., 2017). These models have found a few key areas
where currents move cyclonically to create gyres. These gyres (i.e. the
‘Capraia Gyre’ located between the eastern coast of Corsica and the
coast of Livorno, and the more southern ‘Northern Tyrrhenian Gyre’
located off the eastern coast of Corsica close to the northern coast of
Sardinia) are expected to be areas of high plastic particle accumulation
(Fossi et al., 2017). Additional models created by Liubartseva et al.
indicate zones of accumulation for buoyant plastic particles within the
region may include coastal waters near cities such as Genoa, Livorno,
and, to a lesser extent, Bastia (Liubartseva et al., 2018).

The sample containing the highest number of plastic particles col-
lected during this study, sample 12 (shown labelled in Fig. SI1), was
collected close to the island Capraia (i.e. near the center of the ‘Capraia
Gyre’). Sample 12 showed a high spike in particle density (3,814,018
particles km~2 (shown in Table SI1)) compared to all other samples
collected throughout the course of the study. Sample 11, collected on
the very same day with a time difference of around 4 h and a distance of
approximately 18.8 km between the sample collections, showed a very
low particle density of 32,663 particles km ™2 Sample 13, collected
from a region slightly to the north, but still within the area designated
as the ‘Capraia Gyre’, displayed a particle density of 145,136 particles
km ~2 (shown in Table SI1). This difference in particle concentration
demonstrates a heterogenous distribution of plastics even at small
spatial scales and also highlights the impact of a single outlier value on
the final average particle concentration calculated. The omission of
sample 12 gives an average particle concentration value of 68,594
particles km ™2, which is nine times less than the average value ob-
tained with its inclusion. The sampling site falls within the central re-
gion of the Capraia Gyre, which is reported to be a potential accumu-
lation zone and could explain the high number of particles collected.
However, to understand these big differences in particle count in
sample sites at such close proximity, one would need to set up a sam-
pling design with more replicates in a well-defined area over a set time
period while accounting for oceanographic conditions (e.g wind,
waves, currents).

Samples 2 and 4, taken off the south-eastern coast of Corsica (i.e.
near the ‘Northern Tyrrhenian Gyre’) showed a particle density at
71,308 particles km~2 and 70,616 particles km ™2, while in 2018 the
highest value found in the same area was 35,403 particles km ~ 2. There
is an increase in the particle concentrations observed in 2019, but it is
not yet possible to make a statement about an increase in the particle
concentration as more detailed temporal data is needed.

A high particle abundance was located near the shore for the city of
Genoa. Samples 16 through 20, collected within this zone, all had
particle densities greater than 90,000 particles km ™2 This spike in
particle density can be attributed to the close proximity of the sample
sites to the busy port of Genoa, which is a destination along multiple
popular shipping routes and whose surrounding city has a population
over 583,000 (ItalianNationallnstituteofStatistics, 2011; Guerrini et al.,
2019). The same pattern could be seen in the 2018 survey, however, the
average numbers of the 2019 survey (148,719 particles km ~2) for this
specific area are 6 times higher than the numbers from 2018 (24,864
particles km~2). Given that during the 2018 survey, samples in this
region were taken at two different times with a time difference of about
4 weeks in between, such data strengthens the argument for an increase
in the particle density over the course of a year.

The areas shown to have a high particle abundance in this study
overlap with those reported in 2018 (Caldwell et al., 2019). However,
the higher average particle density from 2019 may indicate a slight
increase in the amount of pollutants being introduce into the Medi-
terranean Sea. Yet, as the region itself is known for high heterogeneity
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between samples, it is necessary to gather additional samples in the
coming years to confirm or deny such findings in a more concrete
manner. Additional sampling will need to be conducted utilizing the
same standardized collection and processing method presented in the
2018 and 2019 studies to ensure direct comparison is possible.

5. Conclusions

Every sample collected within the Ligurian and Tyrrhenian Seas
during this study contained microplastic particles. A high variability in
the concentration of plastic particles in each of the samples
(1286-3,814,018 particles km ™2 or 0.64-3298.40 g km~2) was shown
and is hypothesized to be the result of variations in the currents and
weather in the region along with the presence of large ports and pop-
ular shipping routes. Evidence supporting this hypothesis, such as the
elevated particle concentrations present in samples collected near the
port of Genoa and the ‘Capraia and Northern Tyrrhenian Gyres’, was
found.

Revisiting the same region as in 2018 and conducting the sample
collection and analysis in the same manner allows for monitoring of
changes in the particle densities in the region over time. The average
particle density for the samples collected during this study in 2019 are 9
times higher than the average value reported in the 2018 study
(Caldwell et al., 2019). However, one should take caution when con-
sidering this outcome, as it could be shown that a single value
(3,814,018 particles km~2) has a drastic effect on the final average
particle count reported for the study. This study also highlights the
difficulties of setting up a long-term analysis of particle concentrations
in such an area; where planning sample collection is affected by many
different parameters such as oceanographic conditions, time, and costs.
Nevertheless, further studies conducted in the region could allow for
insight into whether the pollution levels are truly increasing over time.
In addition, these samples would help to give insight into the pre-
dominant accumulation zones for plastic particles within the region.
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