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Abstract
Microplastics (MPs) are widely recognised as a contaminant of emerging concern in the marine environment. This work provides
original data of the presence ofMPs in coastal sediments along the SpanishMediterranean continental shelf. Ten surface sediment
samples were collected in order to document baseline microplastic distribution from Algeciras to Barcelona. Microplastics were
extracted from bulk sediments by density separation. The number of microplastics per kilogramme of dry weight ranged from
45.9 ± 23.9 MPs/kg d.w. observed at Palma deMallorca to 280.3 ± 164.9 MPs/kg d.w. noted at Málaga, with an average value of
113.2 ± 88.9MPs/kg d.w. The lower limit is defined by the pore filter size used (1.2μm). For all analysed locations, the dominant
microplastic type was fibres (82.9%), followed by fragments, and the main colours were transparent and blue. Microplastic size
distribution was presented; in the case of fragments, 85% was lower than 0.5 mm, and in the case of fibres, the three studied
intervals (0.5–1, 1–2, 2–5 mm) had similar distribution (35, 34 and 31%, respectively). Attending to all available data, no
statistically significant relationship (Spearman’s correlation) was found between microplastic average size and distance to the
coast, the depth, density population and sediment grain size. Neither relationship was observed between these variables and
microplastic concentration using the non-parametric Kruskal-WallisH test. This study has confirmed the widespread distribution
of MPs in surface sediments from the Spanish Mediterranean continental shelf, and these data are useful to define baselines for
MPs in the Western Mediterranean region.
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The extensive use of plastics and their applications, e.g. agri-
culture, industry or packaging, favour their presence in all
environmental compartments as a result of improper manage-
ment at the end of this material’s life cycle (Jambeck et al.
2015). Marine plastic particles may be transported far away
from its source (Derraik 2002; Andrady 2011; Cole et al.
2011) and/or fragmented by physical phenomena, photo-deg-
radation, etc. in smaller plastics which spread easily (Barnes
et al. 2009). These pieces are so-called microplastics (particles

less than 5 mm according to Arthur et al. (2009)). This marine
litter has its own characteristics (colour, shape, size, chemical
composition, etc.) and comprises a very heterogeneous group.

Although microplastics were first mentioned in the 70s
(Carpenter and Smith 1972), it was not until the 2000s when
the scientific community became aware of the great problem
posed by microplastics for the marine ecosystem.
Nevertheless, studies are not equally distributed around the
world. The bulk is concentrated in the USA, Western Europe
(UK, France, Germany, Spain and Italy), Oceania and East
Asia (Japan and South Korea) (Barboza and Gimenez 2015).

The seafloor sediments have been recognised as a major
sink and have a high potential to accumulate microplastics
(Martellini et al. 2018). Microplastic quantification is neces-
sary in order to better understand the distribution and rates of
accumulation. Also, their high residence time in the marine
environment (even centuries) and their affinity to organic pol-
lutants and metals sorbed onto microplastics may pose nega-
tive effects onmarine organisms (Barboza and Gimenez 2015;
Rocha-Santos and Duarte 2015; Mai et al. 2018). As Cannas
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et al. (2017) suggested, gathering as much information and
data as possible informs us about the real state of health of
our seas and, in consequence, helps to develop strategies to
act.

The Mediterranean Sea is a semi-enclosed sea with a rela-
tively small area compared to other large marine ecosystems
worldwide. This particularity, together with other factors like
high-density population, maritime traffic, fisheries, etc.,
makes it one of the areas most affected by plastic accumula-
tion all over the world (Galgani et al. 2010; Deudero and
Alomar 2015) with an estimated plastic concentration of
243,853 plastic pieces km2 in this basin. Out of which, 83%
are microplastics (Cózar et al. 2015). Due to these high
microplastic concentrations, the Mediterranean Sea was com-
parable to hot spots like the five subtropical gyres (Cózar et al.
2015; Martellini et al. 2018). However, information about the
microplastic distribution in the Mediterranean sediments is
still scarce.

Within this context, and in order to achieve information for
the Marine Strategy Framework Directive (Descriptor 10) im-
plementation in the Spanish Mediterranean region, the aim of
the present study was to establish a baseline data about the
abundance, distribution, size and composition ofmicroplastics
in surface sediments along the Spanish Mediterranean conti-
nental shelf.

Mediterranean seabed sediment samples were collected
during two research cruises in autumn 2014 and 2015 on
board the oceanographic vessel F.P. Navarro (Spanish
Institute of Oceanography). Ten sampling locations (see
Fig. 1) were chosen considering mainly depositional areas
(sediments with high fraction lower than 63 μm) which
corresponded to the use for the chemical pollution monitoring
programme. Four of them belong to Estrecho-Alborán
Demarcation (Marine Strategy Framework Directive,
MSFD), Algeciras, Málaga, Castell de Ferro and Almería,
and six belong to Levantino-Balear Demarcation, Cartagena,
Benidorm, Benicarló, Vallcarca, Barcelona and Palma de
Mallorca (Table 1). Barcelona, Cartagena and Algeciras are
classified as ‘priority pollution hot spots’ in theMediterranean
Sea (UNEP/MAP/MEDPOL 2005).

These locations covered the Spanish Mediterranean Coast
from south to north and comprised a variety of coastal envi-
ronments affected by different types and degrees of anthropo-
genic pressure. Several hot spots were considered such as
Algeciras, one of the largest ports in Europe (https://www.
icontainers.com/us/2016/12/22/top-15-ports-in-europe/) and
the seaport with greater transit of goods in Spain is settled or
Barcelona with more than 1.5 million inhabitants and very
important industrial and port activities. Areas not directly
affected by relevant pollution sources such as Castell de
Ferro and Benicarló were also included in this study.

The sampling strategywas designed taking into account the
highly heterogeneous distribution of microplastics in

sediments (Wang and Wang 2018). Sediments were sampled
using a stainless steel box-corer (0.17 m × 0.10 m), where
only surface sediment layers (approx. 1.5 cm depth) were
collected using a clean stainless steel spatula. Several repli-
cates were conducted at each sampling point to achieve a
representative sample (Wang and Wang 2018); specifically,
four drags were pooled in each sampling point. The pooled
sediment sample was subsequently homogenised in a stainless
steel vessel so that between 3 and 5 kg of sediment were
obtained per sampling point. Finally, homogenised sediment
was distributed in clean aluminium containers and stored until
their analysis at − 20 °C.

Once in the laboratory, aluminium trays with sediment
samples were defrosted at room temperature. In order to de-
termine water content, 3 g of sediment, in triplicate, was
weighed in aluminium cups and dried at 70 °C for 24 h
(Table 1). The highest water content was observed in
Benidorm (47.2 ± 0.5%) whilst Vallcarca only presented
28.4 ± 0.5% of humidity.

Granulometric sediment composition was established, so
an aliquot of sediments was analysed. The granulometric anal-
ysis was made with a Mastersizer 2000 laser particle size
analyser (Malvern Instruments, Worcestershire, UK).
Sediments were classified according to the Udden-
Wentworth grain size classification: sand (63–2 mm), silt (4–
63 μm) and clay (< 4 μm). In Table 1, sedimentary composi-
tion at the ten studied stations is shown. Sediment samples
were mainly characterised by silt (Fig. 2). Only in three sta-
tions, Algeciras, Vallcarca and Palma de Mallorca, sand rep-
resented the main fraction, 65.90%, 68.35% and 79.67%, re-
spectively. Benidorm showed the highest percentage of finer
sediments (silt + clay) (99.37%). This result is in concordance
with water content percentage (Table 1). As higher is the finer
fraction, higher is water content and vice versa because sandy
sediments are more permeable. In consequence, they retain
less water than silt/clay sediments.

Different brine solutions could be used for density separa-
tion (see, e.g. Thompson et al. 2004; Liebezeit and Dubaish
2012; Nuelle et al. 2014); among all of them, NaCl (ρ ~
1.2 g L−1) is the most extended in use because it is a relatively
inexpensive salt, an eco-friendly product and no special pre-
caution is necessary to adopt during laboratory processes
(Galgani et al. 2013). In addition, the most common polymers
present in the marine environment are usually polyethylene
(PE), polypropylene (PP) and polystyrene (PS) with densities
of 0.89–0.98, 0.85–0.92 and 1.04–1.06 g cm−3, respectively
(Enders et al. 2015). Regardless, this procedural has an impor-
tant limitation: plastics with densities above 1.2 g L−1 will
probably not be recovered.

Nowadays, plastic is present everywhere; therefore, during
the analytical process, it is very important to take special care
to avoid cross-contamination (e.g. Browne et al. 2011;
Woodall et al. 2014). Prior to analysis at the laboratory, work

Environ Sci Pollut Res (2019) 26:21264–21273 21265

https://www.icontainers.com/us/2016/12/22/top-15-ports-in-europe/
https://www.icontainers.com/us/2016/12/22/top-15-ports-in-europe/


surfaces were cleaned with alcohol and hands and forearms
scrubbed to prevent contamination from skin, hair and dirt
particles (Lusher et al. 2014). During analytical procedure,
various precautions were adopted: use 100% cotton fibre
clothing, wear electrical blue lab coats, work inside a fume
hood, wear nitrile gloves, rinse thoroughly with clean
deionised water all apparatus prior to use, employ consum-
ables directly from packaging and use zero plastic materials.
Finally, after filtration, the collected samples were immediate-
ly covered and/or wrapped with aluminium foil (see, e.g. Cole

et al. 2014). In addition, lab windows remained closed during
experiments (Peng et al. 2017). Blanks of the analytical pro-
cedure were run (Graca et al. 2017), and results were blank-
corrected according to Güven et al. (2017). Despite of these
precautions microfibres, specially the lowest fraction (<
500 μm) could be overestimated (Lusher et al. 2017).
Consequently, this microfibre fraction was excluded from data
analyses.

The sediment sample (100 g) was introduced into a 2-L
beaker; 250 mL of the hyper-saline solution of sodium

Fig. 1 Map of Spanish Mediterranean Coast (including the Balearic
Islands) showing sampling points. Green lines indicate bathymetry of
the zone. Each line is an isobate. The isobates are at 50 and 500 m. AG,

Algeciras; MA, Málaga; CF, Castell de Ferro; AL, Almería; CT,
Cartagena; BD, Benidorm; BL, Benicarló; VL, Vallcarca; BA,
Barcelona; PM, Palma de Mallorca

Table 1 Summary of the main properties of the sediments from the sampling points along the Spanish Mediterranean continental shelf

Location Station Date Depth (m) Distance to coast (km) Humidity (%) Sand (%) Silt (%) Clay (%)

Algeciras 15-AG 6 October 2015 154 1.91 37.1 ± 0.6 65.90 31.08 3.02

Málaga 15-MA 8 October 2015 81 6.92 41.7 ± 0.3 30.62 60.51 8.88

Castell de Ferro 15-CF 13 October 2015 68 1.87 38.6 ± 0.4 30.79 65.25 3.96

Almería 15-AL 15 October 2015 153 6.46 42.9 ± 0.3 16.65 76.71 6.63

Cartagena 15-CT 20 October 2015 138 7.71 40.0 ± 0.7 34.86 50.58 14.56

Benidorm 14-BD 08 October 2014 86 17.06 47.2 ± 0.5 0.63 73.97 25.40

Benicarló 14-BL 10 October 2014 43 5.34 43.8 ± 1.1 1.44 76.14 22.43

Vallcarca 14-VL 13 October 2014 65 11.03 28.4 ± 0.5 68.35 26.07 5.58

Barcelona 14-BA 14 October 2014 83 6.88 39.6 ± 0.1 17.75 68.85 13.41

Palma de Mallorca 14-PM 17 October 2014 57 2.79 34.6 ± 1.7 79.67 19.45 0.88
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chloride was added and stirred vigorously for 5–10 min (Frias
et al. 2016). After mixing, the sample was left to stand for
30 min so heavy sediments would settle down whilst lighter
materials would remain in suspension or float in surface solu-
tion. The supernatant was then filtered with a Millipore vacu-
um pump onto a Whatman® GF/C filter (1.2 μm pore and
47 mm diameter). Filters were placed in Petri dishes, dried in
the dark and stored in a temperature-controlled environment
(stable room temperature) to reduce storage degradation
(Hidalgo-Ruz et al. 2012). This process was repeated three
times (Fig. 3).

To evaluate cross-contamination, controls were run in par-
allel during the entire procedure. No fragment was observed in
controls. In the case of fibres, transparent was the most com-
mon (2.4 ± 1.2 fibres), but other colours blue (1.3 ± 0.5 fibres),
black (1.2 ± 0.4 fibres) and red (1.0 ± 0.0 fibres) were ob-
served too. To counter contamination for the specific sampling
site, the same number and colour fibres observed in controls
were subtracted from the raw data.

Filters were visually observed, and all potential
microplastic particles were counted, photographed and mea-
sured under a Leica S8AP0 stereomicroscope equipped with a
digital camera. Visual examination of microplastics is the
most common method to identify microplastics in environ-
mental samples, especially for high-volume samples because
it reduces measuring effort (Galgani et al. 2013; Löder et al.
2015; Renner et al. 2018). However, it can have a relatively
high error rate due to the examiner, the sample matrix, the
particle shape and size and the microscope used (e.g. Lenz
et al. 2015; Löder et al. 2015). In addition, the smaller the size
of the particles, the easier it is to make mistakes. To avoid
these problems, different protocols can be adopted (e.g.
Norén 2007; Cole et al. 2011). Items which presented the

following features were identified as potential microplastics:
(i) no visible cellular or organic structures, (ii) fibres were
equally thick throughout their length, (iii) coloured particles
are homogenously coloured and (iv) transparent and white
particles should be further confirmed to exclude an organic
origin (Norén 2007).

Determining all microplastic polymer composition is time
consuming. In addition, micro-FTIR is limited to
microplastics higher than its aperture size (> 10–20 μm)
(Huppertsberg and Knepper 2018). For these reasons, a subset
of microplastics (30%) was analysed (see, e.g. Cózar et al.
2014 or Lusher et al. 2014) with FTIR microscope
(Spotlight 200i FTIR microscope system equipped with
Spectrum Two, PerkinElmer) in the reflectance mode. Fifty
scans were taken to produce the spectra with wavelengths
between 600 and 4000 cm−1 and with the spectral resolution
of 4 cm−1. Spectra were compared to the spectra libraries
supplied by PerkinElmer and with a customised spectra data-
base that includes all weathered common polymers. For accu-
rate identification of the polymer, the detection threshold was
set to a match of at least 70% (see, e.g. Frias et al. 2016). A
total of three polymer types were identified, PS, polyamide
(PA) and polymethyl methacrylate (PMMA), polystyrene be-
ing the most abundant (50%) followed by PMMA (25%) and
PA (15%). It was surprising that neither polypropylene nor
polyethylene was observed, as it usually occurred (e.g. Frère
et al. 2017). The presence of these light polymers in sediments
could explain long-distance dispersal (Ryan 2015) and sedi-
mentation processes (Chae et al. 2015).

According to Free et al. (2014) recommendations, plastic
particles were classified in (i) fragment, a piece broke off or
detached from a bigger one; (ii) fibre, something resembling a
filament; (iii) pellet, a small, rounded or spherical body; (iv)

Fig. 2 Ternary plot showing grain
size distribution among sampling
points and total MP abundance
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film, a thin sheet or strip of plastic; and (v) foam, spongy
material.

Following a similar colour classification, as used by Peng
et al. (2017), microplastics can be divided into different colour
categories: blue, black, brown, green, yellow, transparent and
red. Grey particles were counted in the black category. In the
yellow category, orange particles were counted. The transpar-
ent category consisted of colourless particles. The red group
included pink and purple particles. Results were expressed as
microplastics per kilogramme of dry sediment (MPs/kg d.w.)
(Claessens et al. 2011).

Microplastics were presented in all analysed samples from
the SpanishMediterranean inner continental shelf, with a wide
range of distribution that goes from 46 to 280 MPs/kg d.w.
The average concentration of microplastic particles observed
at the different sampling stations is presented in Table 2 and
Fig. 2. Overall, fibres (82.9%) were the most common type of
microplastic found, followed far by fragments (12.2%), films
(3.5%) and pellets (1.4%). The high microfibres observed in
contrast to fragments content could be explained by the brine
solution used for density separation in our experiment. Direct
consequence, as Graca et al. (2017) suspected, is an underes-
timation of high-density microplastics. It is remarkable that
only in Barcelona area all categories of microplastics were
found, and in Benidorm, only fibre category showed up.

In order to carry out a comparison of the results obtained, it
is necessary that the analytical procedures used are compara-
ble (Zhao et al. 2014). Consequently, our results had been
compared with those studies that used similar working
protocols and units. In Changjiang Estuary, Peng et al.
(2017) reported an average concentration of 121 ± 9 MPs/kg
d.w., varying from 20 to 340 MPs/kg d.w., which is similar to
the concentrations obtained in our study. However,
microplastic concentration in sediments from other areas
was lower than in the Mediterranean continental shelf, such
as in the Singapore coast where it was 37 ± 24 MPs/kg d.w.
(Nor and Obbard 2014); in bottom sediments in the Southern
Baltic Sea where microplastic concentration ranged from 0 to
27 MPs/kg d.w. (Graca et al. 2017); in the UK estuarine sed-
iments where Thompson et al. (2004) reported up to 31 MPs/
kg d.w.; or along the Belgium coast, where Claessens et al.
(2011) showed a microplastic abundance of 97.2 ± 18.6 MPs/
kg d.w.. On the contrary, Cannas et al. (2017) reported con-
centrations much higher in the coast of south Tuscany
(Tyrrhenian Sea) than in this study, with a maximum of
1069 microplastics per kg of dry sediment as well as
Vianello et al. (2013) in the Venice Lagoon in Italy (672 to
2175 MPs/kg d.w.).

The ubiquitous distribution and accumulation of
microplastics in some areas, rather than in others, depend on

Fig. 3 Graphical scheme of the
procedure for isolating
microplastics from sediment
samples

Table 2 Average concentrations (n = 3) of the different types of microplastics (number of particles per kg of dry sediment) in the selected stations

Station Fibre Fragment Film Pellet Total MP

15-AG 95.4 ± 15.9 15.9 ± 15.9 nd nd 111.3 ± 15.9

15-MA 257.5 ± 140.5 22.9 ± 26.2 nd nd 280.3 ± 164.9

15-CF 59.7 ± 47.9 16.3 ± 28.2 5.4 ± 9.4 nd 81.4 ± 41.3

15-AL 75.9 ± 26.8 5.8 ± 10.1 nd nd 81.8 ± 20.2

15-CT 116.7 ± 92.8 16.7 ± 16.7 nd nd 133.4 ± 104.1

14-BD 138.9 ± 54.7 nd nd nd 138.9 ± 54.7

14-BL 88.9 ± 71.1 5.9 ± 10.3 nd nd 94.8 ± 80.2

14-VL 55.9 ± 37.0 4.7 ± 8.1 nd 14.0 ± 24.2 74.5 ± 29.1

14-BA 49.7 ± 33.1 49.7 ± 28.7 5.5 ± 9.6 27.6 ± 34.5 132.7 ± 67.8

14-PM 35.7 ± 23.4 5.1 ± 8.8 5.1 ± 8.8 nd 45.9 ± 23.9

Values were expressed as the average ± standard deviation

nd non-detected
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many factors, such as population density, freshwater inputs,
water depth, sea bottom topography, waves, tides, flood
events and water currents along the coast (see, e.g. Vianello
et al. 2013; Woodall et al. 2014; Peng et al. 2017; Gündoğdu
et al. 2018). Likewise, the source of microplastics in sedi-
ments is also related to the degradation of macroplastics
(Andrady 2011; Cole et al. 2011; Cannas et al. 2017), the
existence of sedimentation procedures related to ageing pro-
cesses that modify the density and shape of particles (Cole
et al. 2011; Chae et al. 2015), development of surficial
biofilms (Cózar et al. 2014) or their incorporation into marine
aggregates (Long et al. 2015). Filella (2015) pointed out that
these kinds of processes could dominate microplastic environ-
mental occurrence.

Thus, in our study, it would be expected that Barcelona
presented the highest concentration of microplastics due to
its strong anthropogenic pressure (industry, urban nuclei and
port). Nevertheless, values obtained are close to the average
MP concentration, probably because microplastics were
washed offshore by Besós and Lobregat river plumes and
the hydrodynamic of the zone (e.g. Copernicus: http://www.
copernicus.eu/) which conducted debris towards the end of the
continental shelf. On the contrary, the microplastic
concentration of sediments observed in Málaga is
surprisingly high and could be explained by the
hydrodynamic mixing processes. These results are in
agreement with Vianello et al. (2013) and Peng et al. (2017)
where microplastics are mainly associated with human activ-
ities, in addition to other factors, such as hydrodynamic and
geographical conditions which strongly influence the distribu-
tion of microplastics and their final sinks.

Microfibre proportions were higher than 73% in all sam-
ples (mean value was 82.9%) achieving 100% in Benidorm,
except for in the Barcelona location where only 37% of
microplastics were microfibres. These results are in agreement
with Fastelli et al. (2016) in the Aeolian archipelago’s islands,
with a percentage of fibres > 85% of the identified
microplastics. Also in the Tyrrhenian Sea, fibres were the most
common shape category (> 88%) in analysed samples
(Cannas et al. 2017). Furthermore, the microfibre was the
most prevalent shape of microplastics in marine bottom sedi-
ments in Polish coast of the Baltic Sea (Graca et al. 2017), the
Irish Continental Shelf (Martin et al. 2017), in the Central
Adriatic Sea (Mistri et al. 2017) or in Changjiang Estuary
(Peng et al. 2017), among others. This high ratio distribution
of fibres should be due to their release from artificial goods
duringwash cycles (Napper and Thompson 2016), as machine
filters and wastewater treatment plants are not specifically
designed to retain them. Fibres are then transported via sew-
age outfalls to rivers and dumped sewage sludge (see, e.g.
Gago et al. 2018).

Another important factor associated with the distribution of
microfibres is their low weight and high potential for long-

distance oceanic transport, in comparison to heavier
microplastic particles (Ling et al. 2017). In fact, sampling
areas in our study were located at several miles from the main
urban and industrial wastewater effluent discharge where low-
weight plastics, such as fibres, can be preferentially
transported.

In this study, fragments, films and pellets represent 18% of
the total microplastics. Cannas et al. Cannas et al. (2017) re-
ported that fragments represented < 9% in each sample in the
Tyrrhenian Sea. Similar results were shown in China by Peng
et al. (2017) where only a small amount of microplastics was
fragments (6%) and pellets (1%).

The predominant colours (Fig. 4) observed in fibres were
transparent > blue > black > red > green > yellow > red. For
fragments, the sequence was blue > transparent > black =
green = red > brown. Colour films were transparent, yellow
and blue. In the case of pellets, only transparent pellets were
observed. Similar results were reported by Veerasingam et al.
(2016) along the Chennai Coast (India) where pellets in sed-
iments were white/transparent.

Among different microplastic colour in sediments, the
highest percentage (64%) corresponded to transparent fibres.
This result was similar to the levels observed in Southern
Baltic Sea (73%, Graca et al. 2017) and higher than levels
observed in China sediments from Changjiang Estuary
(Peng et al. 2017) where 93% of microplastics were fibres
and occurred in transparent colour in 42%. In the Tyrrhenian
Sea, Guerranti et al. (2017) observed that items were dominat-
ed by white and clear colour. Fastelli et al. (2016) reported a
more homogeneous distribution of colours in Aeolian
Archipelago’s islands, being green and black the most repre-
sented (20% and 28%, respectively), whilst white, clear, red,
blue and pink were found approximately in the same percent-
age (about 10% of the total number of debris). In the Tunisian
coast (Abidli et al. 2018), blue fragments were the predomi-
nant colour. Apart from that, Frias et al. (2016) in Southern
Portuguese coastal sediments pointed out that fibres collected
occurred mainly in four different colours, red, green, blue and
black, and fragments in two colours, blue and green, but no
percentage was indicated. This colour distribution, as Cannas
et al. (2017) have highlighted, may be due to the different
origin of the plastic materials or to degradation processes in
the marine environment.

In order to study microplastic size distribution,
microplastics were measured with ImageJ software
(Schneider et al. 2012). The size intervals were delimited as
500 μm to 1 mm, 1–2 mm and 2–5 mm. Fibres ranged be-
tween 503 and 4933 μm (fraction < 500 μm was excluded in
this stud, see above). In the case of fragments (focusing our
attention only in fragment length dimension), up to 85% fell in
the fraction under 500 μm, ranging 38–854 μm. The
microplastic size distribution is shown in Fig. 5. In this study,
the most important fraction for fibres was 0.5–1 mm (61%).
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These results are in line with the Enders et al. (2015) research,
who observed that microplastics larger than 100 μm settled
out of the water column. Naji et al. (2017) observed that
microplastic size category of 1–4.7 mm length represented
56% in littoral sediments from the Persian Gulf. In the
Polish coast, Graca et al. (2017) observed relatively small
(0.1–2.0 mm) microplastics were the predominant size
(64%). Our results were lower than the values observed in
the Aeolian Archipelago’s islands by Fastelli et al. (2016) in
a fraction of 0.063–1 mm which represented 94.8%. It was
surprising that no particles (excluding fibres) were found in
the 2–5-mm size class in the Bay of Brest (Frère et al. 2017). A
possible explanation of these results can be found in the work
of Vianello et al. (2013) where microplastic biofouling fa-
vours incorporation of these materials into the sediment.

Sediments are known to have the potential to accumulate
microplastics (Zalasiewicz et al. 2016) and other pollutants in
marine environment (Woodall et al. 2014). Grain size classi-
fication allows us to assess the link between the grain size and
microplastic concentration through statistical analyses
(Fastelli et al. 2016). In order to determine if microplastic
abundance is related to sediment grain size, a Spearman’s
correlation was applied. The significance level for statistical
analyses was 0.05. Based on this analysis, MP concentrations
showed no relationship with grain size in the analysed sedi-
ments (ρ = 0.527, p > 0.05). Other researchers pointed out that
there is a non-clear relationship between microplastic concen-
tration and sediment grain size distribution (e.g. Browne et al.
2011; Nor and Obbard 2014; Alomar et al. 2016; Graca et al.
2017; Peng et al. 2017). Cluzard et al. (2015) argued that
physical processes determine the fate of microplastics within
sediments, Blaskovic et al. (2017) remarked that MPs do not
follow silt dynamics and Alomar et al. (2016) suggested that
aggregation with organic matter might play an important role.

Using the Spearman’s correlation analysis, other en-
vironmental factors were also evaluated in relation to
MP concentration, the distance to the coast (DC), the

depth of the sediment (DS) and density population
(DP). The distance to the coast was calculated using
the coordinates of the sampling point and the shortest
distance to the coast in a geographical information sys-
tem. The significant level was, in all cases, higher than
0.05 (0.16, 0.19 and 0.64, respectively), so we conclud-
ed that no relationship was observed between these var-
iables and microplastics concentration with our database,
nor for specific fractions (fibre and fragment). The soft-
ware used was SPSS Statistics.

In order to verify if there are significant differences be-
tween microplastic concentration in the two Mediterranean
Demarcations, Levantino-Balear and Estrecho-Alborán, the
Student t test of means comparison was applied (t = 0.88,
p = 0.40). This result lets us conclude that there are no signif-
icant differences between the two demarcations.

Shapiro-Wilk test showed a non-normal data distribution
(ρ = 0.804, p < 0.05), so the non-parametric Kruskal-Wallis H
test was used for testing whether samples originate from the
same distribution. Based on results, there were no statistically
significant differences among all areas (p > 0.05).

Fig. 4 The colour percentage of
fibres and fragments detected in
sediments from the Spanish
Mediterranean continental shelf
to the total microplastics from all
sites
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only fragments were taken into account)
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Conclusions

This study offers an insight into the microplastic occurrence
and spatial distribution in the Spanish Mediterranean coastal
shelf. Microplastics were found in all of the analysed surface
sediment samples, which ratify the widespread distribution of
microplastics along the Spanish Mediterranean coast. Plastic
reaches marine environment by different sources: runoffs, di-
rect discharges, accidental episodes, tourism, etc. The occur-
rence of microplastics in sediments could be a valuable tool to
estimate the repercussion on the environment, as the gas ex-
change or life on the seabed (Katsanevakis et al. 2007).

As Renner et al. (2018) have remarked, it is very complicat-
ed to obtain representative conclusions due to the heteroge-
neous distribution of MP in the environment, suggesting that
microplastics may be available for different trophic levels
(Wright et al. 2013; Ruiz-Orejón et al. 2016). So, further studies
are necessary to quantify and identify microplastics which now
make up a significant part of sediments. In addition, systematic
monitoring over time of the microplastics present in the area
will allow us to identify, with greater precision, the possible
sources and transport mechanisms of marine litter. This infor-
mation would let us develop actions to reach the objectives
established by the Marine Strategy Framework Directive.

The values reported in this study will be useful for other
countries to define baselines in the Mediterranean region. Our
methodologies are in line with state of the art in this discipline.
Nevertheless, further studies are needed to understand the
pathways, interactions and consequences of microplastic pol-
lution in the marine environment.
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