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Abstract

Mediterranean Sea has been proposed as the sixth greatest accumulation zone for marine
litter and the most affected regarding to microplastics (MPs). Tarragona (Catalonia, NE
Spain) coastal region suffers high pressure due to urbanization, tourism, industrial harbour
and petrochemical/plastic industries. In recent years, the conflict between the two main
economic sectors in Tarragona region: petrochemical/plastic industry and tourism highlight
the importance of MPs pollution in the region. The present study aims to quantify and
characterize in size, morphology and composition the MPs present in sandy beaches, marine
sediments, and surface seawaters of Tarragona coastal region. MPs mean abundance were
1.30 items/m? in surface seawater, 32.4 items/kg in marine sediments, and 10.7 items/kg in
sandy beaches. Polyester fibres were dominant MPs in bottom sediments and seawater
meanwhile polyethylene and polypropylene fragments were the main MPs in beaches. The
fibres balls associated with bottom sediments, organic matter and plankton were abundant,
masking the real quantity of fibres in each reservoir. The abundance by volume of seawater
MPs was higher to those found in oceanic areas and similar to other areas of Mediterranean
Sea, corroborating that Western Mediterranean Sea as a region of MPs accumulation. MPs
composition and abundance suggested the input of numerous land-base-sources, WWTP
effluents discharges, and emissaries as the most important. Marine MP pollution were studied
from an integrative point of view, that includes superficial sea water, sand from beaches and
sediments. The dynamics of MPs in Tarragona coast were characterized by seawater as the
media that receive and facilitates dispersion and fragmentation. The shoreline acts as an
intermediate reservoir with constant weathering and active exchange with seawater surface
and the sediments acts as a significant sink for medium MPs sizes. It is necessary to develop
protocols and guidelines for MPs analysis to obtain harmonized and comparable results.

Key words: Microplastics, plastic pollution, sea, sediment, sand beach.
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1. Introduction

Microplastics (MPs) are defined as “any synthetic solid particle or polymeric matrix, with
regular or irregular shape with a size ranging from 1 pum to 5 mm, of either primary
(intentionally manufactured microbeads and fibres) or secondary origin (mesoplastics
breakdown in fragments), which are insoluble in water” (Frias and Nash, 2019; Verschoor,
2015). MPs are persistent in the environment because the majority have half-lives between
hundreds to thousands of years (Barnes et al., 2009; Gasperi et al., 2018; GESAMP, 2016;
Ivleva et al., 2017). In addition, MPs are ubiquitous in almost all environment compartments
such as; marine environment (Andrady, 2011; Barboza and Gimenez, 2015; Deforges et al.,
2014; Shim et al., 2018; Wright et al., 2013), marine sediment, surface seawater and sand
(Alomar et al., 2016; Cincinelli et al., 2019; Constant et al., 2019; de Haan et al., 2019; Zhou
et al., 2018), water column (Baini et al., 2016), deep sea floor, aquatic organisms (Chae et
al., 2017; Sanchez-Vidal et al., 2018), freshwater (Simén-Sanchez et al., 2018; Strungaru et
al., 2019), atmosphere (Gasperi et al., 2018), and soil (Nizzeto et al., 2016).

In one hand, primary MPs in the environment are coming mainly from the direct release of
MPs-containing products such as pre-production pellets (used to manufacture plastic
products), plastic micro- and nano-beads as additive in personal care products and textile
fibres entering the aquatic systems by wastewater treatment plants (WWTP) discharges
(Sundt et al., 2014). It should take into account that, synthetic textiles release of MPs (as
fibres) to the environment during washing are not completely removed by WWTP (Sun et
al., 2019). Some authors (Allen et al., 2019; Dris et al., 2015; 2016; 2017) also pointed out
the importance of the atmospheric deposition of fibres not only in urban areas but also in
remote sites. On the other hand, secondary MPs are formed by weathering and fragmentation
of mismanaged large plastics present in seawater (Carbery et al., 2018; GESAMP, 2015;
Lebreton et al., 2017; Wu et al., 2019). Primary and secondary microplastics from continental
origin enter to the ocean through stormwater, agricultural and urban runoff, WWTP
discharges, flowing into watercourses or directly discharged into coastal waters due to
industrial spillage or during pellets transportation (Cozar et al., 2014). These MPs due to their
small size and similarity with marine plankton, can be ingested by invertebrates, bivalves,
and fish entering in the food web (Wright et al., 2013). Human exposure to MPs comes
mainly form the ingestion route, through contaminated food in the environment or during
food preparation, packaging and drinking water although, air inhalation cannot be neglected
(Chang et al., 2020; Gasperi et al., 2018, Oliveira et al., 2019). There is a lack of knowledge
regarding the effects in humans (Yong et al., 2020), however, these MPs could act as carriers
of marine pollution (heavy metals and hydrophobic organic compounds), chemical additives
incorporated in manufacture, even pathogen microorganisms. MPs and associated
compounds can bioaccumulate through the food web with possible risks to health due to the
fast desorption rates found in experimental physiological gut tests (Ashton et al., 2010; Bakir
et al., 2014; Carbery et al., 2018; GESAMP, 2015; Maso et al., 2003; Ogata et al., 2009; Pic6
and Barcel6, 2019; Wright et al., 2013).

Mediterranean Sea has a high human pressure, both urban and industrial, and the fact that it
is almost a close sea with 90-year renewal period and plastics persistence, for periods
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exceeding 100 years, aggravates the environmental impact or plastics pollution (Jambeck et
al., 2015; Mack et al., 2019; Pinna et al., 2019). In addition, tourism increase human pressure
in summer season by multiplying the population in coastal areas by several times. For these
reasons, Mediterranean Sea currently has been proposed as the sixth greatest accumulation
zone for marine litter and the most affected regarding to MPs with levels around 240,000
plastic pieces/km? being 82% of them MPs (Alomar et al., 2016; Constant et al., 2019; Cozar
et al., 2015; de Lucia et al., 2014; Fossi et al., 2016; Suaria, et al., 2016). In a recent study
(Liubartseva et al., 2018), MPs pollution was modelled in the Mediterranean Sea and found
that one of the most contaminated area is the Catalan Sea, between Balearic Island and
Catalonia (NE, Spain). Inside this area, Tarragona coastal region allocates an industrial
harbour and petrochemical and plastic manufacturers industries. In addition, this highly
urbanized costal area suffers a seasonal intense touristic pressure. In recent years, the
increasing awareness of the population regarding plastic marine pollution and the conflict
between the two main economic sectors in Tarragona region, industry and tourism,
emphasise the importance of this topic for the region (Rovira et al., 2018).

The present study aims to quantify and characterize in size, morphology and composition the
MPs present in intertidal zone of sandy beaches, marine sediments and surface seawaters of
Tarragona coastal region (western Mediterranean). To our knowledge, this is the first attempt
to study MPs marine pollution in an integrated way, considering water, sand beach and
marine sediments in western Mediterranean Sea. Present study will contribute to global MPs
report and will provide useful data regarding the distribution of MPs in marine environment
for future ecological risk assessments. The contribution of MPs due to atmospheric transport
from urban areas to seawater surface and sand was not taken into account in present study.

2. Materials and methods
2.1 Study area

Tarragona, a crossroads between the axis of the Mediterranean Sea and the Ebro river, is
located around 100 km at south from Barcelona metropolitan area. The coasts of Tarragona
are located, according to the FAO classification, in the Balearic sea of the western
Mediterranean. Tarragona city has around 130,000 inhabitants and is the centre of 30 km
radius area, with more than 580,000 residents. In the area, there is the most important
petrochemical cluster in southern Europe. As confirmed by the Tarragona Chemical Business
Association (AEQT), the total production of the Tarragona petrochemical sector in 2019 was
19,500,000 tones, the sixth highest total production in the last 15 years, supplying the most
demanding sector as rubber and plastic transformation industry (14 %). Tarragona harbour is
the fifth most important port in Spain and it is also an important stop for the transit of tourism
cruise ships.

Tarragona Sea have surface current flows mainly from the northward most of the year. Inside
the harbour there is the Francoli river mouth (838 km? watershed area) with a water flow of
approximately 1.18 m3/s (Figure 1). Twelve biological wastewater treatment plant (WWTP)
effluents discharge in its watershed with flow between 100 to 7,200 m>/day. Inside to
Tarragona harbour exists an important discharge of a big WWTP with flow about 24,000
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m?>/day and at 4 km to the south, in front of La Pineda beach, there is other WWTP effluents
with a flow of 47,500 m>/day.

2.2 Sampling

Sand, sediment and water samples were collected between September and October 2018.
During this period, the geostrophic current was mostly from North to South and South to
North with 50% and 33% of the time, respectively, and a current velocity ranged from 0 to
0.5 m/s. The wind velocity ranged from 0.92 to 9.1 m/s and the Beaufort scale from 1 (small
waves without scum) to 3 (medium waves). Due to wind velocity values were not greater
than 5 m/s, it was not necessary to correct experimental values do to turbulent downward
fluxes (Reisser et al., 2015; de Haan et al., 2019). Transects for water sampling, sand and
sediment sampling points are depicted at Figure 1 and Table S1.

2.2.1 Surface seawater

Four transects (T1 to T4) were done to collect seawater surface samples from Tarragona coast
(from La Mora to Tarragona harbour) along shoreline. A neuston net with 80 um mesh, with
a diameter mouth of 24 cm, and 1 m long were used in horizontal transects between 746 and
1017 m at a speed of 1.5-2 knots. The transects were separated from shoreline between 500
and 924 m and in front of sand beach sampling points. Average volume filtered was 45.2 m>.

2.2.2 Marine sediments

Seven sediment samples (S1 to S7) were collected approximately at the start and end of each
transect of seawater samples. Two divers descended between 15 and 17 m depth and collected
subsamples in an area of 25 m? of top 5 cm sediment layer with a metal spoon and glass
bottle. Average weight collected was 600 g. The bottom was characterized by sandy patches
next to Posidonia oceanica and Cymodocea seagrass meadows.

2.2.3 Beach sands

A total of 14 samples were collected in 6 different beaches (B1 to B6) selected according of
anthropogenic activities conditions as industrial pressure, tourism, urbanism, runoff, river
mouth and WWTP effluents discharges. The beaches located alongshore the 19 km of
Tarragona city presented low to moderate slope (5— 45°) and fine sand (Figure 1). These
beaches are from north to south: La Mora and Sabinosa, characterized by low tourism and
urban pressure, Arrabasada and Llarga with tourism pressure and runoff influence, Miracle
with tourism, urban pressure, and runoff influence and La Pineda with industrial, tourism,
and urban pressure, river mouth, runoff and wastewater effluents discharges influences.

As the MSFD- Guidance on Monitoring of Marine Litter in European Seas guidance
document (European Commission, 2013) and NOAA Marine Debris Program (Masura et al.,
2015) recommends, samples were collected randomly in the intertidal zone. This zone is
influenced by waves dynamic with interchangeable material between sand and seawater. At
intertidal zone, at upper 5 cm, five subsamples were collected randomly into a square 40 cm
x 40 cm (0.16 m? area) with Kubiena boxes of 125 cm® (fixed volume) and stored in
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aluminium boxes covered to avoid contamination. Average weight of sand beach collected
was 1.5 kg. Due to supralittoral zone of beaches in Tarragona coast are plow during summer
and cleaned periodically with sand renewal (especially in spring), only the intertidal area was
considered as the most representative area for the study of the MPs transport from sand to
water.

2.3 Sample treatment

Regarding MPs analysis methodology, until now there are not standardized protocols instead
considerable efforts showed by scientific community (Besley et al., 2017; Coppock et al.,
2017; Loder et al., 2017; Masura et al., 2015; Mai et al., 2018; Munno et al., 2018; Nuelle et
al., 2014; Prata et al., 2019; Wagner et al., 2017). In present study, a fast and practicable
methodology for MPs extraction were applied adapting the processes sequence and
parameters developed to specific samples requirements improving processes for turbidity and
organic matter removal with less usage of expensive reagents and plastic materials in order
to obtain clear filters for accurate MPs identification.

2.3.1 Surface seawater

The seawater samples retained in the cod-end of the net were carefully rinsed. The residues
content of the cod-end was finally transferred to a sample container, stored frozen, and kept
in the dark until further analysis (Bergmann et al., 2015). Seawater samples were sieved
through a column of clean sieves (4, 2, and 1 mm; and 500, 125, and 45 pm) inside a fume
hood. The material present in the sieves above 500 um (4, 2, and 1 mm) were cleaned with
ultrapure water. The big particles and fibres of organic matter were removed with tweezer;
the big possible plastic particles and fibers were placed it in a covered petri dish and the
residue was filtered on Teflon filter (PTFE 5 pum pore size). The material retained in the
sieves of 500, 125 and 45 pm residues were filtered on Teflon filter.

Particles and fibres >500 um without organic matter were selected with the stereoscopy
microscope from 4 to 62 X magnification (LEICA DMS 1000). The possible plastic particles
were weathered fibres, fibres balls, granules with colour and homogeneous surface, coloured
fragments without strips or striation, fragments that do not break by applying light pressure
with tweezers, transparent fragments, films, pellets, and spheres. These particles were
analysed individually for microplastic composition. Particles and fibres >500 pum that
contained a large amount of organic matter were filtered on Teflon filter of 5 pm pore size.
For organic matter removal, the PTFE of 5 um pore size were treated as follows: Alkali
digestion (KOH 2M) followed by a Fenton process (H20> and FeSO4) at 40 °C and enzymatic
digestion (cellulase) with sonication and agitations (Karami et al., 2016; Loder et al., 2017;
Mai et al., 2018; Munno et al., 2018; Prata et al., 2019; Shokri, 2018). Finally, plastic particles
and fibres were counted using the stereoscopy microscope (LEICA DMS 1000).

2.3.2 Sand and Sediment

Sand beach and sediment samples were dried at 40 °C during 48 h and weighed; a small part
was collected for granulometry analysis. Samples were sieved through a column of clean
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sieves (4, 2, 1 mm and 500 pm) placed in a mechanical shaker. Particles smaller than 500 pum
were stored in well-capped aluminium containers for future analysis. Particles equal or bigger
than 500 pm were analysed with visual sorting procedure: quantification and morphologic
description under stereomicroscopic observation from 8§ to 62 X magnification. The potential
plastic particles from 4 to 0.5 mm were: fibres associated with sand or sediment, white and
coloured fragments, film weathered without strips or striations, plastics that do not break to
pressure and pellets or transparent fragments non-iridescent, non-crystalline. The buoyancy
of these particles was checked testing on tree solutions: H>O, saturated NaCl (density 1.2
g/L), and saturated ZnCl> (density 1.8 g/L). The criteria to reject or accept the particle as a
plastic was based to individual plastic density and its buoyancy in each solution; they were
grouped according the buoyancy solutions. The particle with non-buoyancy in none of
solutions it was considered inorganic particle (Loder et al., 2017; Mai et al., 2018; Munno et
al., 2018; Prata et al., 2019):

2.3.3 Quality control

To avoid sample contamination a closed and isolated site (fume hood) was established in the
laboratory for samples processing, wearing laboratory cotton coats, using glass or steel
materials and tools rinsed with 70% ethanol and after with ultrapure (MilliQ® water filtered
on 0.45 um pore size filter (GF/F Whatman, 47 mm diameter, nitrocellulose), and covered in
aluminium foils. All reagents were made with ultrapure water, stored in glass bottle and
filtered (<0.43 um pore size) before their use. Samples and subsamples were covered with
aluminium paper for plastic contamination minimization trough air deposition. For sand and
sediment analysis two blanks were applied for each sample analysis: in sieving and visual
sorting methodology. The workplace particles deposition rate was determined for two months
with a value of 0.04 fibres/cm?/day. This rate was applied for the total filter area filtered in a
day by sample. One blank for morphology examination on stereoscopy and optical
microscope was located as an open petri dish. One blank for sample in basic—enzymatic
digestion procedure was established for each sample. The blanks values, for each method
were subtracted from the total particle counting due to deposit particle and fibres from
laboratory environment.

2.4 Microplastic characterization in size, morphology and polymeric composition

Microplastics morphology visually or microscopic classified as fibre (including filaments
and fishing line), films (items with a two-dimensional shape), fragments (items with a three-
dimensional shape), and pellets (solid spheres).

Particles with a size above 0.5 mm were analysed with a Thermo Scientific NICOLET ATR-
FTIR spectrometer with OMNIC™ Paradigm Software, with an Attenuated Total
Reflectance (ATR) adapter; the measurements were performed in reflection mode in the
range of 400-3600 cm ™!, with 50 scans at a resolution of 10 cm™!. Background was done
before analysis and every 20 samples. By contrast, seawater particles between 0.08 and 0.5
mm, filtered on PTFE filter, were examined totally with spectroscope-microscope Raman
Renishaw 20X, 50 X objective magnification microscope-, 785 nm edge, laser state 1%, 10%,
50% intensity, bands from 25 cm™, 12001/mm. The spectra polymer obtained with Raman
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spectroscopic technique were performed with WIRE 5.3 Software, the spectra were corrected
for baseline displacement. The fibres found in sand and sediment samples, due to their
morphology (small ratio volumes/length) and fragments equal to 0.5 mm, were analysed with
a microscope IR-(LFTIR) spectrometer following a mapping procedure with a Thermo
Scientific NICOLET iN10 with OMNIC™ Specta, and MCT detector opening 25 um,
accumulations 1 scans, spectral resolutions 16 cm™, spectral range 4000-715 cm™!, ultrafast
mapping 4x4 mm. The spectra were not corrected for light-reflectance penetration and
baseline displacement. Kubelka-Munk or Kramers-Kronig corrections were not applied
(Figure S1).

The identification of each polymer spectra obtained with ATR-FTIR and pFTIR techniques
were performed comparing the unknown spectra with OMIC software libraries database, only
match spectra with major or equal than 75% of similarity with reference spectra were
accepted, the rejected items were counted as the temporary unidentified category. The
unidentified spectra were also identified comparing with BIO-RAD IR spectral databases,
matches, major or equal than 75% of similarity, were accepted (Figure S2). For temporary
unidentified spectra with libraries, other criteria for spectral analysis were applied: a) The
identification of the IR spectra was supported by comparing spectra with a library of own
elaboration taking into account weathered particles analysed, only the spectra whose peaks
were 60-70% or more coincident with the peaks of the reference spectra were identified; b)
The non-identified items in previous steps were analysed according their characteristics
absorption band or vibration modes of each polymer chemical grouping bonds for
frequencies ranging mostly from 3200-1250 cm™'(Primpke et al., 2018): 1480-1430 cm! for
C-C aromatic ring stretching, 1790-1700 cm™'for double binding C-O stretching, 2980-2780
cm’! for C-H stretching of aliphatic and 3150-3030 cm’! of aromatics. For aliphatic
organohalogen, natural and synthetic cellulose identification, additional frequencies from
1150 to 550 cm™ and from 3600 to 3000 cm™ were evaluated. Finally, the non-identified in
previuos steps items were counted as the definitive unidentified category.

The Raman spectra polymer were identified comparing the spectra with WIRE 5.3 polymer
libraries database. Only match spectra with major or equal than 75% of similarity with
reference spectra were accepted, the rejected items were counted as the temporary
unidentified category. The identification of the Raman temporary unidentified spectra was
supported by comparing spectra with a library of our own elaboration taking into account the
main plastics products on the market, only the spectra whose peaks were 60-70% or more
coincident with the peaks of the reference spectra were identified. The rejected items were
also analysed according their characteristics absorption band (Figure S3-S5).

In surface seawater, a total of 34 fibres and 90 particles (fragments, pellets, films) were
confirmed their polymeric composition being a confirmation percentage of 25% and 100%,
respectively. Regarding sand samples, a total of 14 fibres and 196 particles (fragments,
pellets, films) were confirmed being a confirmation percentage of 39 % and 98%,
respectively. For sediment, a total of 78 fibers and 46 particles (fragments, pellets, films)
were confirmed being a confirmation percentage of 44 % and 100% respectively.
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3. Results and discussion
3.1 Superficial seawater

Levels of MPs on surface seawater in Tarragona coastal area and their size and morphology
characterization are summarized in Table 1. Microplastics (from 80 pm to 5 mm) were
analysed in four transects in Tarragona coastal surface waters. Mean MP levels was 1.30
MPs/m? ranging from 0.4 to 3.0 MPs/m? in the transect T4, close to the Tarragona harbour,
and in T3, between Arrabasada and Miracle beaches, respectively. Almost all MPs were
below 2 mm constituted mainly by fibres, between 54% and 63%, or fragments, ranging from
29 to 46%.

All MPs found in surface seawater were below 2 mm, except in Transect 1 that three MPs
sized from 4 to 5 mm were found. According morphology, there was a north (T1) to south
(T4) decrease trend for fragments from 44 to 29%; by contrast, fibre proportion slightly
increased from 56 to 63 %, in north to south direction. The Transect 4 presented the highest
proportion of MPs size from 1 to 2 mm and fibres morphology, in addition, pellets were
detected. Transect 2 between Llarga and Arrabasada presented the highest proportion of MPs
size spanning 80 pm to 0.5 mm and a slightly higher proportion of fibres (54%) than
fragments (46 %). Regarding the general composition of these MPs (Figure 2), most of the
fragments, pellets and films were made of polyethylene (46%) and polypropylene (22%);
moreover, other materials such as polyvinyl chlorine (1%), polystyrene (4%), polyurethane
(4%), polyethylene terephthalate (8%), polycarbonate (1%), acrylonitrile-butadiene-styrene
copolymer (1%), and polymethylmethacrylate (6%) were detected. Regrading fibres, almost
all were made of polyester (polyethylene terephthalate) (53%) and polyurethane (spandex or
elastane) (23%). Other fibres found were made of polyamide (3%) and polyethylene (3%).
The composition of all (100%) fragments, pellets and films were analysed. By contrast, only
25% of fibres were analysed due to their identification difficulty. For particle groups as
pellets, fragments and films, the non-identified MPs were very low (7%), and respect fibre
group was 18%. From the 18% of non-identified fibres, all of them were synthetic but were
not clearly identify as particular polymer.

The MPs abundance in seawater in Tarragona coastal area was not homogenous. There were
high density zones alternated with areas of low abundance, focusing the high abundances
near Tarragona harbour area. The accumulation effect of MPs was magnified by intersection
of Port structure of southward littoral marine surface currents carrying MPs from seawater
upstream. The general seawater MPs morphology was characterized by textile synthetic
fibres (present in ordinary clothes, sport clothes, socks, swimsuits). The higher abundance
was observed in Tarragona Port, that is influenced by WWTP discharges. It is well known
that WWTP does not eliminate completely the fibres that come from washing textiles (Carr
et al., 2016; Murphy et al., 2016). The contribution of fibres to seawater via surface runoff
can be also considered (Dris et al., 2015). The release of fibres from polyester, polyester-
cotton blend and acrylic fabrics are around 730,000 fibres for every 6 kg of laundry (Browne,
2011; Napper and Thompson, 2016). In general, the WWTPs with tertiary treatment
processes had a lower MPs concentration (0-51 particle/L) in the effluent than those with
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only primary or secondary treatment processes (9-10-447 particle/L). However, studies also
showed the tertiary treatment in some WWTPs did not further decrease the MPs
concentration in the effluent (Mason et al., 2016). The total MPs discharges from WWTPs
were still considerably high (even if there are low abundances), as most of these facilities
process millions of litres of wastewater every day. The estimated average diary efflux (based
on annual efflux and effluent concentration), was 2-10° particle/day, corresponding to
1.37-10° m*/day; about 9-110 kg of micro-fibres are discharged in WWTPs effluent daily
(Hartline et al., 2016; Sun et al., 2019). Based on these reported values, the study area of
Tarragona coastal receive approximately 1.3-10° particle/day from WWTP effluents. This
area is affected by three principals WWTP localized in the coastal zone: Tarragona, Vila-
seca and Altafulla; the latter located upstream of the sampling area with indirect influence
on it by northern current.

Respect to MPs composition, the main polymers found from fragments were low density
polymers as polyethylene and polypropylene, followed by polyethylene terephthalate,
polystyrene, polymethylmethacrylate and polyurethane, the same trend than more demanded
thermoplastics by European countries mainly for packaging uses, construction and building
materials, and others uses such as furniture and electrical apparatus (PlasticsEurope, 2013,
2017, 2019). These are in accordance with other studies in Western and Central
Mediterranean regions (de Hann et al., 2019; Suaria et al., 2016). Polyethylene and
polypropylene are high-demanded polymers and with low density, so they are frequently
found as dominating floating polymers (Hidalgo-Ruz et al., 2012; Prata et al., 2018). High-
density polymers detected such as polyvinylchloride, polymethylmethacrylate and
polycarbonate, probably are related with local hydrodynamics processes (local upwelling)
that keep those particles in buoyance. According to de Hann et al. (2019), the presence of
high-density MPs floating in seawater surface is related with the aggregation with floating
organic matter (phytoplankton, algae, inorganic suspended) keeping MPs in buoyancy
(Figure 3A).

The lack of standardized procedures for sampling, separation, identification and size
measurement complicates the comparison with other studies. Nonetheless, a comparison of
the existing data on the abundance of floating MPs in the Mediterranean Sea, and other seas
and oceans has been carried out (Table 2). Average abundance in Tarragona coast was
1.30+0.98 items/m>. In comparison with Mediterranean regions, this value was higher than
average results obtained for Western and Central Mediterranean regions but lower than,
Eastern Mediterranean regions. These regions in Western and Central Mediterranean
(Ligurian, Sardinian, Tyrrenean, and Sicily Sea, Po Rhone and Tet delta, and Cartagena
coast) with lower values than Tarragona coast are characterized by river discharges, high
industrial, touristic and urban activities, and Atlantic currents influence. Many of these areas
showed high fibres proportion with polyester as dominant composition. Regarding the
composition of fragments, these regions are also dominated by the most abundant polymers
(polyethylene and polypropylene). It is important to highlight that the average MPs values
on the Tarragona coast were greater than values from Otrasto Sea Strain in Central
Mediterranean Sea (Adriatic Sea) and North Catalan Coast in Western Mediterranean Sea,
both areas with industrial-urban pressure and high flow river discharges. The polymeric
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composition of fragments from the North Catalan Coast was similar to those found in
Tarragona Coast, possibly due to similar consumption patterns, socio-economic status and
waste management characteristics in Catalonia. It should be taken into account that
Tarragona surface seawater MPs mean levels (sized from 0.5 to 5 mm) was 0.8140.70, higher
than values from some Western and Central Mediterranean regions (Table 2). Conversely,
Tarragona coast average values were lower than values from others Mediterranean regions
such as west Menorca, Israel and Lebanese coast. The East Mediterranean regions are
characterized as large accumulations zones due to enclose morphology, the presence of
Lagmuir circulation, Nile river discharges and high terrestrial runoff. Other areas with higher
MPs abundances were in Pacific Ocean, the California inshore (river mouth) and offshore,
and in the Atlantic Ocean, Tampa Bay. Moreover, only Tarragona harbour area values were
up to seven-fold higher than North Pacific Gyre and Todos Santos Bay (Mexico) values. This
means that despite considering the Pacific Ocean to be a hot spot for MPs, with a highest
MPs abundance, there is high variability, possibly due to high energy waterflow patterns,
dilution and dispersion phenomenon (MP abundances have been observed to decrease with
depth). In this sense, the values are not constant, and it is possible strong variation in a
temporal (from one season to another) and spatial scale.

According to Liubartseva et al. (2018), high inputs of plastics from rivers and population
areas from Barcelona City and its vicinities ranked Catalan Sea as one of the most polluted
areas by plastics in the Mediterranean Sea. However, de Haan et al. (2019), found relative
low MPs abundance values. The big difference found between the Northern region of
Catalonia and the coasts of Tarragona is that the transect of Northern Catalonia samples were
collected 4 km away from the coast while in our study the collection was just up to 1 km. one
characteristic of Tarragona coast is that there are directs inputs of numerous land-based
sources and less influence of high energetic level of oceanographic processes, resulting in
high MPs abundances. Meanwhile, North Catalonia MPs values is influenced by the main
geostrophic northern current what occasionally meanders over the littoral favouring MP
higher dispersion rates and transport away from the coast. Moreover, results are also
influenced by MPs transported from Ligurian Sea and Lyon Gulf in northern current. Present
results differ from those found by Baini et al. (2018) that reported very low values, up to 0.5
km from the coast of North Tyrrenean Sea in summer and winter. However, results are in
agreement with Pedrotti et al. (2016). These authors observed that the relative abundance of
small fragments (<2 mm) was greater within the 1 km coastal strip. That suggest there is not
only a rapid fragmentation along the coast (probably related to weathering mesoplastics on
the beaches and incorporate to seawater by waves action) but also a contribution of land-
based small size MPs (runoff, outfalls and treated wastewater). Furthermore, it is important
the contribution of macroplastics and mesoplastics by land-based source that can be
potentially fragmented on the seawater surface.

We have observed that synthetic fibres ball associated with plankton and other MPs
fragments mask the real values of MPs abundance. Due to the difficulty of quantifying the
real number of fibres within the ball, we count it as a unit fibre. (Figure 3B). The nature of
organic aggregates entrapping MPs favors decreasing sinking MPs rates with low efficiency
in carbon export to the deep sea, leading MPs availability to fish and invertebrates confusing
MPs-bearing aggregates with food sources (Long et al., 2015; Lusher et al., 2016).
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Conversely, the MPs aggregates containing exo-polymers particles enhances the particle-
MPs flocculation with higher sinking rate and later deposit to deeper sea levels (Passow,
2002).

3.2 Marine Sediments

Regarding subtidal sediments, levels of MPs sized from 0.5 to 5 mm ranged from 5.5 to 89
MPs/kgaw with a mean value of 32 MPs/kgaw. The highest levels were found in the sediments
samples collected around industrial harbour (S7) (89 MPs/kgqw) followed by a nearby
sampling area, Arrabasada-Miracle beaches (S4), (41 MPs/kgaw) and La Mora (32 MPs/kgaw)
(S1). Samples S1, S3, S4, S6 and S7 shown the highest MPs levels (>20 MPs/kgqw) and are
located very close to emissaries for runoff watercourses and specially wastewater effluent
discharges and Francoli river mouth in Port area (Figure 1). Taking into account all the
samples the majority of MPs in sediments were between 1 mm and 0.5 mm (49%); from 2 to
1 mm (25%) and from 4 to 2 mm (25%) (Figure 4). Globally, most of the MPs were fibres
(64%) followed by fragments (25%) and films (10%).

Regarding the composition, fragment, pellets and films were made of polyethylene (55%),
polyvinyl (11%) and phenolic resins (9%). Other materials found were made of polystyrene
(4%), polyethylene terephthalate (4%), and even chemical additives (2%) without polymeric
composition recorded. Fibbers were made of polyester (61%), polyamide (29%),
polyacrylonitrile (7%) and polypropylene (3%). All fragments, pellets and films found were
analysed and 15% were synthetic but unable to define particular polymers composition. One-
third (34%) of the fibres were identified as synthetic polymers.

To assess whether the abundances of MPs in subtidal sediments are related to their grain size,
inorganic and organic composition, data from the local reports (DARP report, 2018) were
consulted. All the stations studied were very fine grain (0.1-0.5 mm), with increasing the
organic matter concentration (0.31-2.65%), sulphur (0.01-0.08%). Metals and metalloids,
were below EPA sediment screening benchmarks (except for Hg and Pb), along the
Tarragona coast from La Mora to Tarragona harbour, with highest abundances in harbour
area. There was no clear trend between sediment grain size and MP abundance in Tarragona
coastal sediments, however significant correlations were found between the amount of MPs
and the total organic carbon (= 0.91; p=0.002) , the Hg levels(r= 0.83; p=0.010) and Pb
levels (= 0.88; p=0.005) in analysed sediments.

All stations showed that fibres proportion was higher than other morphologies, excepting for
Punta de la Mora where it was found higher fragments content than fibers. Compared with
sweater samples, more synthetic fibres balls associated with sediments grains and organic
matter (seagrass, calcareous and algae remains) has been observed. These synthetic fibres
balls were abundant in areas with high MPs abundances with the disadvantage of masking
real values of fibres and total MPs abundance due to in present study these fibres balls were
counted as a single fibre item (Figure 3C).

A significant fraction, 51 of the 78 confirmed fibres, were identified as cellulose without
differentiating whether they were synthetic or not due to unclear spectra resolution. The
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cellulosic fibres were excluded for total MP count. The average cellulose fibres abundances
in Tarragona sediments approximately 14.4+6.90 fibres/kgaw. In fragments, pellets and films,
the dominating composition was low density polyethylene (0.91-0.94 g/cm?), followed by
higher density polymers (1.2-1.45 g/cm?®) polyvinyl > Phenolic resins > polyethylene
terephthalate (Pilato, 2013). The proportion of high-density polymers in sediments was
higher than in seawater. In case of fibres, the dominating composition was high proportion
of higher density polymers (1.05-2.3 g/cm?) as Polyester > polyamide > polyacrylonitrile.

It is important to highlight the presence of MPs fragments with signs of weathering as
bioturbation, biofilm growth, abrasion, and bacterial colonization, degrading the plastic
material and exposing chemical additives such as phthalate, an endocrine disruptor, toxic for
aquatic life (Harris et al., 1997; Ye et al., 2014). The primary and secondary MPs exposure
to environmental conditions or weathering will change their properties such as surface
morphological size, crystallinity, colours (yellowing discoloration) and densities, which may
influence their physical and chemical actions in environments (Guo and Wang, 2019; Zhou
et al., 2018). The change of MPs characteristics and biological colonization/impact may
influence on its aggregation capacity. The MPs and organic matter set in “aggregates” may
provide a transport mechanism of fragments, films, pellets and fibres to the deep stratus in
the sea more likely in photic sediments. Even the aggregation could be the main processes
for fibres balls formation. Once on the bottom, MPs are expected to continue fragmenting by
weathering (interaction with sediments, eventual currents in shallows deep, and benthic
organism ingestion) processes until they reach to nano-size stage but in a slow time scale,
due to an environment with a lower incidence of UV light, low abrasion action, and low
mechanical wave interaction. Other probably mechanism to transport low density MPs from
surface to bottom is through MPs ingestion by biota, faecal pellets expulsion, new
aggregations formations, and finally deposition in the bottom (Cole et al., 2016). In summary,
marine hetero-aggregations, biofouling, faecal deposition and local hydrodynamics are
suggested to be the possible causes of the presence of low-density MPs and synthetic fibres
balls in the bottom.

The abundances of MPs in this study are comparable to those observed worldwide despite
the wide range of MP sizes analysed and the different existing techniques for sediment
analysis (Table 3). Comparing same regions in Western Mediterranean—Balearic Sea, in
entire Spanish coast, only two studies reported greater average MP abundances in deeper
water (43-154 m), with similar sizes and composition than present study. The hots spot were
observed in sediments samples close to densely populated areas i.e. Barcelona coast,
conversely the lower values were found in Mallorca island. Probably the depth influences the
MPs abundances. Alomar et al. (2016) in Mallorca shallow depths (8-10 m) found high levels
(897 £ 103 MPs/kgaw) in pristine areas, far away from densely populated areas. According
mean values from shallow depth areas from Poland coast inshore and South Portugal, the
results of present study were higher, however, compared with Central and Western
Mediterranean regions as TelasCica bay (Croatia), Stromboli Island, Lipari Island,
Cymodocea Bottoms and Amphioxus sand, results here presented were lower. The Tarragona
coast MP abundance in sediments were lower than the Northwest Pacific regions including
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South Yellow Sea —China, Tokyo Bay Channel and Central Mediterranean regions as Venice
lagoon. These areas (with values higher than thousands) are characterized by high abundance
of urbanized and industrialized activities. The values found close to Tarragona harbour area
demonstrate that harbour areas, with commercial and industrial activities, are zones with high
MPs abundances. The values observed in our study, although lower, agrees with Belgium
harbour and South African Durban Bay Harbour values, 166.7+92.1 and 1600 items/kgaw,
respectively (Table 3). Considering other Ocean Atlantic areas, Tarragona Industrial harbour
showed similar abundance values and composition (higher fibres proportion) as UK Coast
(Plymouth).

3.3 Beach sand

Beaches intertidal zone presented a mean level of 10.7 MPs/kgqw with range between 0.7
MPs/kgqw in La Mora beach (B1) and 42 MPs/kgqw in La Pineda beach (B7) (Table 1). As it
was observed in sediments and superficial seawaters, the sand samples located close to the
harbour presented the highest levels of MPs. Globally, the main size category was those
comprised between 2 and 1 mm, although the dominant size varied depending on the
sampling point. By contrast with the other matrices, sandy beach samples showed an
important percentage of larger MPs ranging size from 4 to 2 mm. Fragments were the
principal morphology (68%), especially in La Pineda beach, followed by pellet (15%) and
fibres (13%). Compared with seawater and sediments, pellets were found in higher levels,
especially in Pineda and Miracle beaches. Fragments, pellets and films were made of
polyethylene (47%), polypropylene (36%), polystyrene (6%), polyethylene terephthalate
(6%), and chemical additives (3%) without polymeric composition recorded (Figure 5).
However, fibres were made of polyester (45%), polyamide (33%) and synthetic cellulose
polymers (22%). All fragments, pellets and films found were analysed and only 2% could
not be identified. Meanwhile, only one third (29%) of the fibres were identified as synthetic
polymers and all of them identified (Figure 5).

Isobe et al. (2014) found that relatively large mesoplastics with greater buoyancy are likely
to be carried onshore (by drift of stokes, currents and wind) faster than MPs. However,
Liutbarkeva et al. (2018) found that stokes drift in the Catalan Sea is relatively low; therefore,
the higher proportion of MPs spanning from 2 to 4 mm in the intertidal zone is due to the
presence of mesoplastics on the Tarragona beaches carried to onshore due to wind induced
waves and surface currents favoured by beach orientation. These mesoplastics could be
fragmented in shoreline by the mechanical action of the waves and generate large number of
MPs that can be incorporated back into the seawater.

The high touristic pressure in La Pineda beach, its location, nearby Francoli river discharges,
runoff, numerous emissaries and wastewater effluents discharges combined with dominant
southward littoral drift currents and local hydrodynamics, favour that high quantity MPs
arrive to beach. This effect is intensified by the storm events accumulating large deposits of
MPs and mesoplastics on hide tide line that can be fragmented and transported to intertidal
zone due to touristic activity and rainfalls. The pellets, as primary MPs found on the beach,
especially in La Pineda, possibly comes from accidental spillage into industrial drainage and
discharged by emissaries to the sea or through accidental spillage by transportation due to
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the proximity to industrial activity and dispersed by terrestrial runoff. Despite observing
lower fibres number compared with water and sediment, like-synthetic ball fibers were again
found in El Miracle and Arrabasada. Fibres abundance in intertidal sand probably were
underestimated by the presence of this type of aggregations (counted as a unit). These balls
were usually mixed or associated with inorganic and organic material from the surrounding
environment.

The composition of MPs in intertidal zone from Tarragona coast beaches was similar to
subtidal sediments composition, with a higher proportion of the most common and low-
density polymers (polyethylene and polypropylene) for fragments meanwhile, for fibres,
most common polymer found were polyester and polyamide. Other polymers such as
synthetic cellulose in fibres and silicone in fragments were also found. Fragments with signs
of weathering exposing chemical additives such as Erucyl-Erucamide and Tris(2.4-
diterbutyl-phenyl) phosphite were also observed. This demonstrate that MP in the intertidal
zone can experiment weathering processes due to intense UV radiation, abrasive sand
interaction, mechanical forces such as hydraulic shear forces, thermal oxidation and salinity
(Figure 3D). Although the fragments composition from seawater and intertidal sand were
similar, the fibres composition between seawater and sand were different due to the
polyurethane fibres observed in seawater. A significant fraction (6 out 36 confirmed fibres),
were identified as cellulose without differentiating whether it is synthetic or not due to
unclear spectra resolution. In consequence, the cellulosic fibres were excluded for total MPs
count. Synthetic cellulose was considered in this study as manufactured fibres from
regenerated cellulose (cellulose chemically modified), with lower density than cellulose not
chemically modified (natural fibre) 1.44 g/cm® and 1.50 g/cm?®, respectively (Rana et al.,
2014; Sanchez-Vidal et al., 2018). Cellulose acetate is a regenerated as well as a modified
cellulosic fibre unlike viscose and cuprammonium rayon which are pure regenerated
cellulosic fibres (Rana et al., 2014). Because the chemical composition and properties of the
natural cellulose is significantly modified during the manufacturing process for rayon, this
type of fibres has been included in studies reporting man-made synthetic fibres.
Environmental impact of these fibres has been assessed using lifecycle assessment (Rana et
al., 2014). According this analysis rayon have different characteristics than natural cellulose,
with more impacts in human toxicity and freshwater aquatic ecotoxicity despite Lyocell
fibres is the only type of rayon completely biodegradable.

The spatial distribution of MPs at small scale on the beaches was heterogeneous changing
also temporally from summer to autumn. Present study found different composition and
abundance between intertidal sand sampled in June and in September. In June, (beginning
touristic activities) the abundance was higher, dominated by fragments from 2-4 mm
composite by five different polymers (polystyrene (32%), polyethylene (32%),
polypropylene (26%), Poly(methylmethacrylate) (6%), PEVA (3%)), meanwhile fibres
composite were polystyrene (20%) and synthetic cellulose (80%). Conversely in September
(after touristic activities and heavy storms), the abundance was lower, with similar fragments
and fibres proportion; fibre composition was dominated only by synthetic cellulose (100%)
meanwhile fragments composition varied with high proportion polyethylene (57%) followed
by similar proportion of Poly(methylmethacrylate) (14%), polypropylene (14%) and
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polystyrene (14%). The differences in abundance and composition according to the sampling
period may be due to the characteristics of the tourist activity and weather in June (summer)
and September (autumn). In summer, there are many people on the beach contributing with
MPs inputs and their transport from supralitoral and high tide line to intertidal zone.
According to this hypothesis, at beginning summer, MPs should fill the beaches intertidal
zone. In autumn, it was not observed, probably by low touristic activity and seasonal storms
causing a MP movement of polluted intertidal sand to supralittoral zone or to sea.

Comparing MPs abundances of sand beaches from Tarragona coast with values from other
Mediterranean Sea regions and worldwide, it was observed that average Tarragona coast
values were lower than most of studies shown in Table 4. Beaches abundance values of the
Atlantic, Indian and Pacific Oceans and the others Mediterranean regions were much higher
than those found in our study. Studies carried out exclusively in the intertidal zone of
Belgium coast (Groenendijk, Koksijde-Bad, Knokke) and Slovenia coast (zones nearby
harbour and touristic relevance), reported values also higher than the Tarragona coast
(highlighting that the studies done in Belgium included a wide size range). The average
Tarragona coast values were similar to values from Atlantic zones as UK coast (Plymouth),
Belgium coastal line-De Panne (low tide), Belgium Coastal low tide line and Greece
(Northern Crete) values. These zones are densely populated with high pressure by touristic
activities. Tarragona sand beach levels values were only higher than Germany-Nordesney
Island high and low tide line, Germany Rostock Coast intertidal zones considering only
particles and Baltic sea, Russia (Vistula Spit) on high tide line. The Germany zones were
characterized by low anthropogenic influence and Vistula Spit influenced by windy events
combined with recreation, fishing, and navigation activities. Specifically, La Pineda MPs
abundance values were similar to other oceanic beach zones as Netherlands Coast —I[jmuiden
low tide line (near to urbanized zone), India Dhanushkodi low tide line (touristic and
fishering activities), Hauts-de-France region from high, low and intertidal line (combination
of protected area, low flow river discharges and industrialized zone). La Pineda beach values
were higher than Belgium Coastal line mean including two tide lines (low and high tide line),
Baltic sea, Russia (Cape Tardn) high tide line, all of these areas densely populated.
Conversely, la Pineda values were lower than Atlantic beaches (high tide line) located in
Lithuania-Klaipéda (Baltic Sea), France-Normandy, Portugal-Madeira; the first area
characterized by being a harbour city with a lagoon outlet that receive river flows discharges
with industrial and agricultural pollution and the last two areas by tourist activities.
Regarding other studies with similar MP sizes focused on western Mediterranean regions
made in high tide line and showed in Table 4, La Pineda MP abundances values were about
four-fold lower than other densely populated and industrialized zones near Tarragona (as
Barcelona), and other densely populated zones from Spanish coast as Denia. With respect to
other studies carried out on beaches of the central and eastern Mediterranean Sea (at the high
tide line), la Pineda values were from two to three-fold lower than those found in densely
populated areas such as Israel -Tel Aviv, Turkey-Dikili, Italy-Sicily beaches and Lido di
Dante zone (Italy). The MPs morphology in most of the studies mentioned above (Table 4),
were mainly fibres, in agreement with composition found in Arrabasada and Savinosa
beaches and contrary to the dominant morphology found in La Pineda beach where fragment
was the dominant morphology. Regarding the composition of the MPs in these studies (Table
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4), it was similar to than present study beaches being polypropylene, polyethylene,
polystyrene and polyethylene terephthalate the most found composition of MPs.

3.4 General Discussion

The developed protocols for MPs analysis have drawbacks and advantages and it was
necessary to adapting them for different environmental samples requirements. In visual
sorting, MPs pre-selection based in buoyancy, guided and supported the spectroscopy
analysis, changes of H20,:FeSOs4 relation in Fenton procedures for organic matters and
turbidity removal, avoid filter yellowish coloration were developed or addapted in present
study.

In this study, MPs pollution in western Mediterranean coastal environments was determined.
The results confirm that MPs pollution on the three environment components is ubiquitous.
Sandy beaches, marine sediment and superficial seawater from Tarragona coast showed MPs
of different sizes, morphology, composition and significant mean values differences in
average MP density in each one compartment. Seawater near the coast <lkm, were around
0.0013 items/kg (0.0013 items/L), in intertidal beach sands around 10.7 items/kg (7-10°
higher than seawater values) and in marine sediments around 32.4 items/kg (2-10* higher
than seawater values). Considering the MPs pollution dynamics in Tarragona coast, the
seawater is the media that receive and facilitates MPs transport. The shoreline acts as an
intermediate reservoir with constant weathering and active exchange with seawater.
Sediments acts as a significant sink for MPs from seawater, with high residence times.

Despite the differences observed in abundance values for sand, sediment and water, three
polymers were common in the three compartments: polyethylene, polystyrene, and
polyethylene terephthalate. Microplastics fragment and fibres composition always was
dominated by polyethylene and polyethylene terephthalate (polyester), respectively.
Polypropylene polymer was identified in beaches and seawater, with higher proportion in
beaches. However polyvinyl polymers were detected in water and marine sediments with
higher proportion in this last compartment. As many authors have observed (Cozar et al.,
2014; GESAMP, 2015; Wu et al., 2019), MPs after entry or formed (by fragmentation) into
the seawater can be distributed in the marine media according to their densities alone, in
hetero-aggregations or by suffering biofouling, and transported by main and superficial
currents, wind (wave height) and by biota ingestion (invertebrates and fish). The growth of
biofilms on MPs, increase its density and affects its sedimentation velocity through water
column. The number of secondary MPs will increase exponentially as the size becomes
smaller. In steady state, the abundance—size distribution should follow a power law, with a
scaling exponent equal to the spatial dimension of the plastic objects (Cozar et al., 2014).
According to this assumption, the size distribution of MPs in seawater samples with high
proportion of fragments 1 to 2 mm and 0.08 to 0.5 mm maybe follow a continuous and very
fast fragmentation from millimetric scale to micrometric scale.

On Tarragona coast, there is a high degree of spatial variability in the MPs abundance values
for samples of seawater, sediments and sands. The proximity to urban and industrial areas,
rivers discharges, wastewater discharges, runoff, watercourses discharges (emissaries)
together with the geostrophic southward currents (typical of the Catalan coast), coastal drift,
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predominant winds, coastal shoreline morphology and the presence of anthropic structures
(Port seawall) that modify the surface currents direction and change the normal
hydrodynamics in the coastal zone, causes high MPs accumulation in harbor area and La
Pineda beach. In turn, the variability of MPs abundances in seawater was influenced by
circulation and mixing processes (thermohaline gradients) of superficial strata. Rivers
receive MPs and mesoplastics from different sources (sewer overflows, wastewater effluents
discharges, soil runoffs, air dusts, precipitation and touristic activity waste disposal) and carry
them to the ocean. Only plastics particles with lower or equal density than freshwater density,
arrive to the seas (Lots et al., 2017). In the case of the Francoli River, this can be an important
land-based MP source to Tarragona coast together with small watercourses fluxes and
runoffs, due to the large number of populated areas and wastewater discharges effluents
located on its watershed.

Mansui et al. (2015) modelled the effects of circulation on plastic accumulation in the
Mediterranean, which finding in the western basin some specific gyres could retain and
export floating objects and redistribute them after a shift in the large-scale circulation
considering this area as one the most energetic regions. Liutbarkeva et al. (2018) found high
spatio-temporal variability in sea-surface plastic concentrations without any stable long-term
accumulations, specifically in the Catalan Sea. The North Current tends to weaken, which
could result in plastic debris being trapped in the vicinity of its origin with substantial
accumulation of plastics on coastlines and the sea bottom. These authors concluded that
plastic pollution in that area is caused primarily by its own terrestrial sources. The MP
accumulation observed on a small scale on Tarragona coastline, is mainly due to the land-
based sources of the city (densely populated), river mouths, wastewater treatment plants,
runoff and outfalls of watercourses. Other factors influencing the accumulation of MPs on
Tarragona coast is also related to direct inputs from sources to short distance from de coast.
The quantity and type of MPs will depend mainly on the degree of waste management in
Francoli watershed and Tarragona city, WWTP depuration efficiency and hydrodynamics
conditions on the coast. Comparing MPs abundance in seawater (by volume filtered) with
other studies, it has been observed higher values of MPs abundances on the coast of
Tarragona than those found in oceanic areas, and similar abundances values to other areas of
Mediterranean Sea with high accumulation of MPs. This corroborate that the entire
Mediterranean Sea basin (despite the variability of circulation in the basin that alters its
spatial distribution), as a large region of MPs accumulation.

Microplastics hetero aggregations have the potential to be ingested by a wide range of marine
organisms, including zooplankton, invertebrates, and fish depending on its size and
morphology, in seawater surface and bottom sediments. The immediate possible
toxicological effects of MPs involve physical blockage, entanglement, abrasion, loss of
mobility in energy expenditure, absent stimulus for feeding, fish respiratory system block.
Other long-term effects observed in laboratory studies may involve alterations in the gene
regulation, immune response, behavioral alterations and embryonic development of fishes,
as well as, histological damage, alteration of cellular oxidative balance and abnormal larval
development in mussels (Andrady, 2011; Besseling et al.,2013; Lehtiniemi et al., 2018;
Limonta et al., 2019; Paul-Pont, et al., 2016, Ravit et al., 2017; Rist et al., 2018; Rist et al.,
2019; Ross et al., 2015). These toxicological effects of MPs could have a possible synergistic
interaction between MPs and absorbed micro-pollutants/microbial pathogens; pollutants
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adsorbed on MPs are polychlorinated biphenyls (PCBs), hexachlorocyclohexane (HCH) and
many other compounds included into 78% of priority pollutants (Guo et al., 2019; Rochman
etal., 2013). MPs also can act as a sink of pollutants, highlighting the high quantity and large
surface-to-volume ratio in marine environment (Rodrigues et al., 2019). In Tarragona coast,
weathering signals were found on sediments and sands MPs with their surface modified with
pores and roughness evidenced by the growth of microorganisms. These MPs can induce its
high affinity for persistent organic pollutants and heavy metals present in sediments or
seawater, particularly in the Port area where high concentrations of lead and mercury were
found. Other signs of MPs weathering and fragmentation were the polymers additives
exposition and loss of MPs structures. All this was evidenced in our samples by the presence
of specifically additives spectra in the identification of MPs with FTIR. At molecular level,
several degradation mechanisms exist and the domination of one mechanism over the others
often depends on the polymer type. Most important mechanisms are chain scission (breaking
the chemical bonds of the polymer molecule or depolymerisation) and chain stripping (the
side atoms/groups attached to polymer chain are released) (Lithner et al., 2011). The plastic
additives found in the samples collected in the sand of La Pineda beach were Erucil-
Erucamida and Tris (2,4-diterbutyl-phenyl) phosphite. Erucyl-Erucamide is a slip compound
responsible for significantly reducing the surface coefficient of friction of a polymer, also
used to enhance the polymer with antistatic properties, enable better mould release, reduced
melt viscosity, and anti-sticking properties. Tris(2.4-diterbutyl-phenyl) phosphite delay the
overall oxidative degradation of plastics when exposed to ultraviolet (UV) light (Bhunia et
al., 2013). Some studies showed high migrations capacity of these additives in aqueous and
oily solutions and drinking water at 40°C after short-term storage (Cooper and Tice, 1995;
Gao et al., 2011; Li et al; 2016). The only plastics additives found in sediment samples
(Tarragona Port) were phthalates. They are plasticizers used for improving the flexibility,
durability and stretch-ability of polymeric films, improvement impact resistance in the final
plastic film (Bhunia et al., 2013). The ingestion of plastics containing these additives by
marine organisms can be of great concern because some of them have the ability to
accumulate. Even if plastics are not ingested, the additives contained in MPs are sources of
exposure. Brominated diphenyl ethers (PBDE), phthalates, nonylphenols (NP), bisphenol A
(BPA) and antioxidants are some of the most common plastic additives found in marine
environments. Exposure studies based on leaching processes conducted on a wide range of
polymers and target organisms confirmed toxicity of plastics additives. Leaching of additives
by plastic ingestion was more relevant for species with longer gut retention times, such as
fish, and was also occasionally be relevant for seas worms. (Koelmans et al., 2013; Koelmans
et al.,2014; Hermabessiere et al., 2017; Rochman et al., 2013; Teuten et al.,2009). The risk
of exposure to polymeric additives is due not only to migration or leakage into the
surrounding environment and possible toxicity to aquatic organisms, but also because the
affinity of other contaminants for MPs (enhanced by hydrophobic/polar groups of the
exposed additives). To estimate the real risk associated to MPs effects of exposure to these
particles it is important to collect environmental data with accurate MPs measures, and thus
to obtain deeply knowledge about the negative impact of MPs on the local aquatic biota
(GESAMP, 2015). To assess an accurate environmental risk it is necessary to collect data
about: a) the number of particles, b) the size distribution, ¢) shape, d) surface properties, €)
polymer composition (and its additives) and density of the particles. However, until now, the
environmental risk assessment of MPs in the marine environment has been carried out based
on assumptions from the data available in literature and extrapolations. The data obtained of
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integration on Tarragona coast environment might be very useful for a precisely
environmental risk assessment by MPs in the area.

This study also provides background information on the occurrence of MPs in three
integrated environmental components such as sand, superficial seawater and sediments on
Tarragona coastal area. This information will be used for the implementation of the Marine
Strategy Framework Directive in accordance with the European Union directive that commits
the EU Member States to take action aimed to achieve the “Good Environmental status”
(GES) of the EU's marine environment by 2020. In particular, descriptor 10 focuses on the
emerging problem of marine litter and its effects on the marine environment and biota.

4. Conclusions

In present work, MP abundance, size, morphology and composition were determined in
sandy beaches, sediments and superficial seawater in Tarragona costal area. Microplastics
mean abundance were 1.30 MPs/m’ in surface sea water, 32.4 MPs/kgqw marine sediments,
and 10.7 MPs/kgaw in sand of beaches. The abundance by volume of seawater MPs was
higher to those found in oceanic areas and similar to other areas of Mediterranean Sea with
high MPs accumulation, corroborating the Western Mediterranean Sea basin as a region of
MPs accumulation. Fibres were the dominant MPs morphology in bottom sediments and
seawater while fragments were mainly dominant in beaches. Fibres probably comes from
effluents from WWTP and emissaries' discharges. Fibres balls associated with bottom
sediments with organic debris and plankton were abundant, masking the real amounts of
fibres in each reservoir. Taking into account composition, the highly demanded polymers
were the most abundant; these mean polyethylene and polypropylene for fragments and
polyester (polyethylene terephthalate) for fibres. In order to harmonize results and address
specific problems such as fibres balls, it is necessary to adapt protocols and guidelines
developed for MPs analysis. It was necessary to adapting developed protocols and guidelines
for MPs analysis in order to harmonize results and deal with specific problems such as fibres
balls. The size range between 4 and 5 mm was the lowest proportion among the three
environmental compartments; MPs sized from 2 to 4 mm were present only in bottom
sediments and sandy beach. MPs sized between 1 to 2 mm were more present in sandy
beaches and seawater. MPs ranging from 0.5 to 1 mm was most abundant in bottom
sediments than seawater, suggesting a selective deposition to sediments. The level of MPs
fragments size below 0.5 mm in seawater suggests active fragmentation on surface by
weathering action (mechanical forces, photo-oxidation and temperature). The composition
and abundance of the MPs observed, suggests that the main contribution comes from
numerous land base-sources (trough streams, terrestrial runoff, watercourse emissaries, port
activities and WWTP effluents discharges). Fisheries and marine transport were less
important sources of MPs on Tarragona coast.

Microplastics fate analysis is of fundamental importance to determine the nature of pollution
and effects on the coastal environment. Three-dimensional numerical simulations taking
account the sinking and beaching dynamic processes, seawater density, velocity wind-driven
currents and stokes drift will help us to understand the microplastic residence times and the
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fluxes between compartments. Future studies are needed to assess spatial and temporary
trends in MPs abundance on Catalan coastal environment.
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Table 1. Levels and characteristics (size and morphology) of MPs in Tarragona costal area.

% Size category (mm)

% Morphology type

n Levels 54 42 21 105 05- Frg Pel Fil  Fib
0.08
Surface water items/m’
Transect 1 1 0.8 11 0 0 52 37 44 0 0 56
Transect 2 1 1.0 0 0 0 23 77 46 0 0 54
Transect 3 1 0.4 0 0 37 26 37 32 0 10 58
Transect 4 1 3.0 0 0 57 16 27 29 1 7 63
Sediment items/kg
Punta de la Mora 1 32 0 56 0 44 NA 56 0 0 44
Cala de Roca Plana 1 5.6 0 0 33 67 NA 0 0 0 100
Llarga Center 1 22 0 50 7 43 NA 36 0 0 64
Miracle-Arrabasada 1 41 0 12 38 50 NA 11 4 31 54
Miracle Center 1 5.5 25 0 0 75 NA 0 0 0 100
Harbour (marina) 1 32 0 17 55 28 NA 17 0 17 66
Harbour (industrial) 1 89 0 22 22 56 NA 24 0 4 72
Sand Beach items/kg
La Mora 1 0.7 0 0 100 0 NA 0 0 100 0
Savinosa 1 1.3 0 0 100 0 NA 0 0 0 100
Llarga 4 1.1£1.9 0 29 0 71 NA 43 0 14 43
[0-3.9]
Arrabasada 2 5.3+1.2 5 18 24 53 NA 29 0 12 59
[4.4-6.1]
Miracle (Sept.) 3 2.0+0.7 0 56 22 22 NA 22 34 22 22
[1.4-2.7]
Miracle (June) 4 6.9+8.1 0 59 41 0 NA 36 30 11 23
[0-15]
Pineda 3 42+19 2 13 59 26 NA 76 16 1 7
[21-54]

Microplastic levels (mean + standard deviation) and [Range] in water expressed as in items/m?®; in
sediments and sand beaches expressed as items/kgqw. NA: Not analysed. Frg: Fragment. Pel: Pellet. Fil:

Film. Fib: Fibres
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1333  Table 2. Microplastics levels in surface water of Mediterranean Sea and other oceans of the world.
Autor Year Region* Ubication Mps/m’® Sampling Size
La Mora-Llarga Tarragona City 0.80
Llarga-Arrabasada-Tarragona city 1.03
Present study 2018 wM-B Arrabasada -Miracle Tarragona city 0.41 Nn 80 um-5 mm
Tarragona Harbour-Tarragona city 2.96
Tarragona Coast mean 1.30+0.98
. wM-S Ligurian sea mean 0.94+2.55
Fossi et al. 2012 2011 WM.S Sardinian Sca mean 0132027 SnWP2 200 pm-5 mm
. wM-S Ligurian sea mean 0.49+1.66
Fossictal. 2016 2013 WM-S___ Sardinia Sea mean 024+043  SaWP2 200 ym-5 mm
Panti etal. 2015 2012/13 wM-S Norwest Sardinia sea mean 0.17+0.32 SnWP3 200 pm-5 mm
de Lucia 2014  2012/13 wM-S Central west-Sardinia Sea mean 0.1540.11 Mt 500 um-5 mm
Van der Hal et
al. 2017 2017 eM-L Israel coast 7.68+2.38 Nn 300 um-5 mm
Kazour et al.
2019 2018 eM-L Lebanese coast 43422 Mt 200 um-5 mm
wM-S Italian minors islands -Elba 0.33+0.02
wM-S Italian minors islands -Ventotene 0.26+0.28
wM-S Italian minors islands -Ischia 0.71£0.20
de lucia 2018 2017 wM-S Italian minors islands -Eolie 0.29+0.26 Mt 333pum-5Smm
cM-A Italian minors islands -Tremiti 0.13+0.04
cM-A Po Delta 0.64+0.33
wM-S Tevere Delta 0.57+0.22
Constant et al. 2016 wM-Ly  Rhone delta 0.19
2018 wM-Ly  Tet delta 0.18 Mt 300 pm-5 mm
deh tal wM-B Northern Catalonia coast mean 0.73+0.77
¢ 22“(;1;96 a 2015 wM-B Cartagena coast mean 0.27+0.17 335 um-5
wM-B Campo Dalias Coast mean 0.31+0.40 Mt mm
wM-S North Tyrrenean Sea (0.5 km) Winter 0.05+0.05
.. wM-S North Tyrrenean Sea (0.5 km ) Spring 0.09+0.10
Baini ctal. 2018 2013/14 wM-S North Tyrrenean Sea (0.5-20 km ) Winter 0.29+0.46
wM-S North Tyrrenean Sea (0.5-20 km ) Spring 0.26+0.26 Mt 330 pm-5 mm
wM-B Menorca West Coast 2.8543.26
Suaria et al. 2013 cM-A Otrasto Sea Strain 0.74+1.75
2016 wM-S Sicily Sea West Coast 0.66+0.62
wM-S Tunisia and Algeria coast 0.54+0.62 Nn 700 pm-5 mm
Liu et al. 2020 2016 nwP Jiaozhou Bay 0.095 Nn 500 pm-5 mm
Moore ct al California inshore (mouth of the San
‘2‘2’ 060;) ©2000/01 ecP Gabriel River) 7.25 Mt 333 ym-5 mm
California offshore 2.23
Goldstein et al. .
(2012) 1999/10 ecP North Pacific Gyre mean ten years record 043 Mt 333 pm-5 mm
Ramirez-Alvarez .
et al. 2020 2016/17 ecP Todos Santos Bay (Mexico) [0.01-0.70] Mt 333 pm-5 mm
nwP North-western Pacific Ocean 0.03+0.02
Mu et al. 2019 2017 nwP Bering Sea 0.09+0.09 Mt 333 pm-5 mm
Ar Chukchi sea 0.23+0.07
McEachern et al. .
2019 2017 WCAt Tampa Bay, Florida 45423 Nn 330 pm-5 mm
Garcia et al. . -
5020 2010 SWALt Equatorial Brazilian coast 014011 Nn 120pm -5 mm
Lusher et al. .
2015 2014 neat Artic, south of Svalbard 0342031 Mt 333 pm-5 mm
Lacerda et al. . .
2019 2017 An-At Antarctic peninsula 0.009£0.005 Mt 330 pm-5 mm
Aliabad et al.

2019 - win Chabahar Bay, Iran 0.49 +0.43 Nn 333 pm-5 mm
Mean standard + deviation. [Range]. Nn: Neuston net; Mt: Manta trawl; SnWP2: Standart Vertical Plankton Net WP2; SnWP3: Standart
net WP3; *Regions acoording FAO Major fishing areas. WM: west Mediterranean sea (subdividded in B: Balearic; S: Sardinia; and Ly:
Lyon gulf); CM: Cental Mediterranenan sea (subdivided in A: adriatic and I: Ionian); EM: Eastern Mediterranean sea (subdivided in
Ag: Aegean and L: Levant); BS: Black sea (subdivided in BS: Black sea; M: Marmara sea and Az: Azov sea);nwP: northwest Pacific;
ecP: Estern cental Pacific; wcAT: west central Atlantic; swAt: south-west Atlantic; neAt: northeast Atlantic; An-At: Atlantic-Antarctic;
win: Western Indian ocean

1334

37



1335

1336

Table 3. Microplastics levels in marine sediments of Mediterranean sea and oceans of the world.

Autor Year Region Ubication Mps /kg dw Deep (m) Size
La Mora 31.7 13
Cala de Roca Plana 5.6 14.4
Llarga Centro 21.6 153
Miracle-Arrabasada 40.5 14
Present study 2017 wM-B Miraclo Conter 35 5 0.5-5 mm
Harbour (marina) 31.7 14
Harbour (industrial) 88.6 17
Tarragona Coast Mean 32.4+28.4 13-17
Bayo et al. 2019 2017/18  wM-B Mar menor 53.1£7.6 -
Filgueiras et al. 2014/15 wM-B Spanish mediteranean coast 113+89 43-154 0.5-5 mm
2019
Blaskovica et al 2015 cM-A Telascica bay (Croatia) 194+117 3.0-15 0.063-5 mm
2017
Vianello et al 2013 cM-A Venice Lagoon (Italy) 1445+458 <1+0.5 0.030-0.5 mm
2013
Fastelli et al 2016 2015 wM-S. Stromboli Island 151434 3.0-15 0.063-5 mm
Lipari Island 679+346
Renzi et al 2018 2016 cM-A. Caorle Cymodocea Bottoms 170+95 3.5 0.4-5 mm
coast Amphioxus sand+ Maerl 199+115 14.8
Bottoms
Amphioxus sand Bottoms 233+133 17.5
Claessens et al., 2011 neAt Belgium Harbour mean 167492, 1%* sumerged 0.038-1 mm
2011 Belgium Continental shelf 97.2+18.6**
Belgium coast mean 91.9421.9**
Belgium offshore mean 105+9.9%*
Graca et al 2017 2014 neAt-Baltic Poland Coast. inshore 21.8£5.4 11.1-18 0.1-5.0 mm
Sea Poland Coast. offshore 1.5£2.1 70-106
Frias et al 2016 2013 neAt South Portugal. mean 8.249.2 18.7-19.4 >0.001-5 mm
Thompson et al., 2004 neAt UK coast (Plymouth) 86.0%* Subtidal
2004
Zhang et al. 2020 2018 nwP Western Pacific Ocean 2404291 4601-5732 <l mm
Matsuguma et al 2012 nwP Tokyo Bay Channel 1845 5 0.315-5 mm
2017 win South Africa-Durban bay 1600 3
Harbour
Wang et al 2019 2017 nwP South Yellow Sea -China 1765 <20 0.05-5 mm
South Yellow Sea -China 2135+1020 20-40

Results expressed in Mean standard + deviation of number of MP per kilogram of dry weight. * Original unit (# fibres/ 50 mL)
converted using an average sediment density of 1600 kg /m> (Fettweis et al., 2007) and 1.25 as average wet sediment/dry sediment
ratio.**not fibers included.*Regions according FAO Major fishing areas. wM: west Mediterranean sea (subdivided in B: Balearic; S:
Sardinia; and Ly: Lyon gulf); cM: Central Mediterranean sea (subdivided in A: Adriatic and I: Ionian); eM: Eastern Mediterranean sea
(subdivided in Ag: Aegean and L: Levant); BS: Black sea (subdivided in BS: Black sea; M: Marmara sea and Az: Azov sea);nwP:
northwest Pacific; ecP: Eastern central Pacific; wcAT: west central Atlantic; swAt: south-west Atlantic; neAt: northeast Atlantic; An-

At: Atlantic-Antarctic; win: Western Indian ocean
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Table 4. Microplastics levels (items/kgqw) in sand of beaches of Mediterranean sea and oceans of

the world.
Author Year Region** Ubication Mps/Kkgaw Zone Size
This study 2018 wM-B Tarragona-La Mora 0.7 I 0.5-5 mm
Tarragona-Savinosa 1.3
Tarragona-Llarga 1.1£1.9
Tarragona-Arrabasada 5.3+1.2
Tarragona-Miracle (September) 2.0£0.7
Tarragona-Miracle (June) 6.948.1
Tarragona-Pineda 42+19
Tarragona Mean 10.7+18
Thompson et al 2004 2004 neAt UK coast (Plymouth) 8.00* H
Claessens et al., 2011 2011 neAt Belgium, Groenendijk 156.2 H 0.038-5 mm
77.9 |
Belgium, Koksijde-Bad 95.9 H
103.1 1
Belgium , Knokke 124.2 H
100 1
Van Cauwenberghe et al ~ 2010/11 neAt Belgium coastal line-De Panne 20.4 H <1 mm
2013 7.2 L
Belgium Coastal Line-Zwin 18.2 H
12 L
Belgium Coastal line mean 17.6 H
9.2 L
Laglbauer et al 2014 2012 cM-A Slovenia Coast 1784133 1 0.25-5 mm
Pifion-Colin, et al 2018 2015/16 ecP California Gulf and Ocean mean 135492 H 0.034-5mm
California gulf Mean 76+12
Ocean pacific coastline mean 179+50
Piperagkas et al., 2019 2015/16 eM-Ag Greece- Northern Crete 22+11 Dry 0.042-5mm
5.545.0 1
Karlsson et al.2017 2014 neAt Netherlands Coast -Ijmuiden 48455 L <5mm
Constant et al 2019 2016 wM-Ly France-Tét river discharge. South 58453 Dry, H,L  0.063-5Smm
France-Tét river discharg.e North 1664205
Yuetal 2016 2015 nwP Bohai Sea, China -Xingcheng 163.3 I <5 mm
Dekiff et al 2014 2011 neAt Germany , Nordesney Island 1.7+0.4 H, I <1mm
Stolte et al 2015 2014 neAt Germany, Rostock Coast) [42-532] I <1 mm
(fibers)*
[3.8-5.5]
(particles)*
Esiukova, 2017 2015/16 neAt Baltic sea, Russia (Vistula Spit ) 2.1+1.6 H 0.5-5 mm
Baltic sea, Russia (Cape Taran ) 36.2+£58.6
Tiwari et al 2019 2017 In India-Mumbai 220450 L 0.036-5 mm
India-Tuticorin 1814+60
India-Dhanushkodi 45+12
Doyen et al 2019 2017 neAt Hauts-de-France region 46.5+17.3 H, I, L < S5Smm
Lots et al 2017 2015/17 neAt Lithuania -Klaipéda 700296 H 0.3-3mm
neAt France-Normandy 156+29
neAt Portugal-Madeira 92+£15
cM-A Bosnia 76£13
eM-L Israel -Tel Aviv 168+16
cM-A Italy -Lido di Dante, 15124187
eM-Ag Turkey-Dikili, 248+47
cM-1 Italy-Sicily 160431
wM-B Spain-Barcelona 148+23
wM-B Spain-Denia 156+29

Results expressed in Mean standard + deviation or [Range] of number of MP per kilogram of dry weight. * Original unit (# fibres/ 50
mL) converted using an average sediment density of 1600 kg/m?® (Fettweis et al., 2007) and 1.25 as average wet sediment/dry
sediment ratio. **Regions acoording FAO Major fishing areas. wM: west Mediterranean sea (subdivided in B: Balearic; S: Sardinia;
and Ly: Lyon gulf); cM: Central Mediterranean sea (subdivided in A: Adriatic and I: Ionian); eM: Eastern Mediterranean sea
(subdivided in Ag: Aegean and L: Levant); BS: Black sea (subdivided in BS: Black sea; M: Marmara sea and Az: Azov sea);nwP:
northwest Pacific; ecP: Eastern central Pacific; wcAT: west central Atlantic; swAt: south-west Atlantic; neAt: northeast Atlantic; An-

At: Atlantic-Antarctic; In: Indian ocean

39



1340
1341

1342
1343
1344

1345

Figure 1. Sampling sites localization on Tarragona Coast (Catalonia, Spain). Sandy beaches in yellow
(B); marine sediments marked in orange (S), Superficial marine water transects marked in blue (T).
Red crosses are WWTP discharges, pink cross is Francoli river discharges and blue crosses are runoff
discharges emissaries.
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Figure 2. Size distribution (from 5 mm to 80 pm), morphology (fragments, pellets, films and fibres),
and composition of MPs in surface seawaters in Mediterranean costal area of Tarragona. Result
expressed as (#) number of MPs; percentage (%). *Composition analysed in the 25% of the fibres
PVC: polyvinylchloride, PP: Polypropylene; PS: Polystyrene; PE: Polyethylene; PU: Polyurethane;
PET: Poly(ethyleneterephthalate); PC: Polycarbonate: ABS: Acrylonitrile-butadiene-styrene
copolymer; PMA: Poly(methylmethacrylate); and PA polyamide.
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Figure 3. Microplastics associated to environmental samples. A: microplastics associated with algae
aggregations. B: microplastics associated with plankton. C: fibres ball associated with marine
sediments and algae organic remains. D: microplastic weathered with biofilm attached.
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Figure 4. Size distribution (from 5 mm to 0.5 mm), morphology (fragments, pellets, films and fibres),
and composition of MPs in marine sediments in Mediterranean costal area of Tarragona. Result
expressed as (#) number of MPs; percentage (%). (*) Composition analysed in the 34% of the fibres
considered as synthetics, excluding cellulose fibres. PP: Polypropylene; PS: Polystyrene; PE:
Polyethylene; PET: Poly(ethyleneterephthalate); PV (PVC or PVA): Polyvinyl including
Polyvinilchloride or polyvinyil alcohol; PhR: Phenolic resin; PC: Polycarbonate; PAN:
Polyacryilonitile; Synth. c. unidentified: synthetic coloured unidentified; and PA polyamide.
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Figure 5. Size distribution (from 5 mm to 0.5 mm), morphology (fragments, pellets, films and fibres),
and composition of MPs in sand beaches in Mediterranean costal area of Tarragona. Result expressed
as (#) number of MPs; percentage (%). (*) Composition analysed in the 30% of the fibres considered
as synthetics, excluding cellulose fibres. PP: Polypropylene; PS: Polystyrene; PE: Polyethylene; PET:
Poly(ethyleneterephthalate); PC: Polycarbonate; PMA: Poly(methylmethacrylate); Synth. Cellulose:
synthetic cellulose; and PA polyamide.
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1376  Supplementary information
1377  Table S1: Location and characteristics of superficial seawater, sediments and sand beach
1378  sampling points.
1379
Surface waters
Coordinates of the transect Distance from Place 1380
shoreline (m)
T1 From: N 41°07° 13; E 1° 20’ 197 924 La Mora-Llarga beach 1381
To: N 41°07° 10°’; E 1°19° 49>
T2 From: N 41°07° 25’; E 1° 18” 23> 765 Llarga-Arrabassada 1382
To: N 41°07°9*; E1° 17’ 50’
T3 From: N 41°06° 39”’; E1° 16 19” 702 Arrabassada -Miracle
To: N 41°06°23°°; E 1° 15° 43> 1383
T4 From: N 41° 05’ 21’; E 1° 13” 47> 500 Tarragona Harbour
To: N 41°05”40°”; E 1° 14” 22° 1384
Marine sediments
Coordinates Depth (m) Place 1385
S1 N41°07" 14", E1° 20" 27" 13 La Mora
S2 N41°07°15"7; E1° 20" 13" 14.4 Cala de Roca Plana 1386
S3 N41°07"27""; E1° 18" 26" 15.3 Llarga
S4 N41°06"40""; E1° 16" 19" 14 Miracle-Arrabassada 1387
S4 N41°06" 34", E1° 16" 02"’ 15 Miracle
S5 N41°06°.03""; E1° 14" 53" 14 Tarragona Harbour (Marina) 1388
S6 N41°05°22""; E1°13"47" 17 Tarragona Harbour (Industrial)
Beach sand
Coordinates Beach length Beach Sub-samples
(m) 1290
Bl  From: N41°07° 40, E 1°20° 567 447 La Mora [
To: N 41°07°36”’; E 1°20* 38’ i
B2  From:N41°07°23°;E1°17’ 16" 348 Savinosa 274
To:N41°07°20’; E1°17° 02>
B3  From: N41°07°45°;E 1°19°22” 2619 Llarga 4392
To: N 41°07° 34, E1° 17’ 34>
B4 From: N 41°07°13; E1°16° 45> 623 Arrabasada 1393
To: N 41°07°03”’; E1°16° 26’
B5.S From: N 41°06° 52°; E 1° 15’ 49’ 1074 Miracle (September) 3394
B5.J To:N41°06’36°; E1°15 11 Miracle (June) 3
B6 From: N 41°05° 06”’; E1°11° 27>’ 2264 Pineda 31395
To: N 41°04°04’; E1°10° 46>
1396
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1398 Figure S2. Spectra Comparison with BIO-RAD database
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1401 Figure S3. Fibres and small fragments identification with uFTIR technique.
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1404 Figure S4. Raman spectra of fibres from seawater samples and comparison with spectra from
1405 libraries made with plastics found in the market.
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1408 Figure S5. Raman spectra of small fragments from seawater samples and comparison with spectra
1409 from libraries made with plastics found in the market.
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