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ABSTRACT
The worldwide production of plastics has been reported to grow from 335 million t in 2016 up to 348
million t in 2017, giving employment to over 1.5 million people in Europe. Plastic materials have
changed our way of life because of their versatility, high durability and ability to be moulded in differ-
ent shapes. For that reason, when discarded in the marine environment, plastics and especially micro-
plastics can become an environmental hazard.

This article describes the presence and abundance of microplastics in sandy beaches of a coastal
city, Cartagena (southeast Spain), surrounding the Mar Menor coastal lagoon, an important tourist
destination with also local activities, mainly fishery and agriculture. Microscopic observations and
Fourier-transform infrared spectroscopy analyses displayed a total of 14 polymer families in the micro-
plastic composition, mainly represented by low-density polyethylene (LDPE), high-density polyethyl-
ene, polyvinyl ester (PVE), polypropylene (PP), polystyrene, nylon (NYL) and polyester (PES). The
extensive amount of polymer types together with an important variety of colours demonstrates the mul-
tiple origin of microplastics. LDPE in a film form proved to be a consequence of plastic greenhouses
degradation, prone to cracking under environmental stress, because of their transportation through a
northwest catchment down to the beach. Similarly, PVE used in naval composite structures as a primary
resin proved to be higher in urban than in natural beaches because of the massive use of fishing boats
and pleasure crafts. Littering and runoff were the main sources for other microplastic particles, mainly
PP, NYL and PES.
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1 INTRODUCTION

The global annual production of plastics was around 335 million t for 2016, 4.03% higher
than in 2015, and it has grown up to 348 million t during 2017; this is an increase of 3.74%.
In Europe, the figures of annual plastic production have also revealed an increasing evolu-
tion from 60 million t in 2016 up to 64.4 million t in 2017 [1]. The European Commission
is aiming to transform Europe into a more circular and resource-efficient economy, setting a
series of ambitious targets and initiatives up to 2030 specially focussed on preventing leakage
of plastics into the environment and investigating new end-of-life options for certain types of
plastics waste, through a regulatory support and engagement of all stakeholders involved in
the transformation [1].

The term ‘microplastic’ was first used by the US Air Force Materials Laboratory to
describe the micro-deformation of a plastic material in response to an external force, in
terms of ‘Mechanisms of Microplastic Deformation’ as a micromechanical property [2]. But
microplastics were first described as tiny pollutants in 1972, when Carpenter and Smith [3]
reported their presence on the surface of Sargasso Sea, a region of the North Atlantic Ocean
without land boundaries, only defined by an ocean gyre. However, they refer to them as
simply ‘plastic particles’, and it was not until 2004 when Thompson et al. [4] include the
modern use of the term ‘microplastic’ to describe the small plastic pieces collected from
beaches and sediments in Plymouth, United Kingdom [5].
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Since then, several studies have identified microplastics as a ubiquitous pollutant of marine
debris, because it is estimated that between 4.8 and 12.7 metric t of plastic litter enters the
ocean environment each year [6]. These micropollutants are of particular concern because
of their ready uptake by marine organisms, including bivalves for human consumption [7],
pelagic and demersal fish [8] or seafood [9], with potentially toxic adverse effects on organ-
isms through the food web. Microplastics have the potential to accumulate both organic and
inorganic pollutants, i.e. carcinogenic polychlorinated biphenyls (PCBs), polycyclic aromatic
hydrocarbons (PAHs) and polybrominated diphenyl ethers as well as heavy metals [10—13].
Besides, a chemical effect has been also reported due to the release of monomers and chemi-
cal additives used in the plastic industry, i.e. plasticizers, lubricants, surfactants, antistatic,
flame retardants or antioxidants [14].

The development of new petroleum-derived polymers, together with an inefficient end-
of-life management and the vast amount of passives accumulated in the environment over
decades, makes the plastic problem complex to address, and solutions to be taken involve the
responsibility of all stakeholders, including scientists, academia, society, decision-makers
and industry. The Mar Menor lagoon (Fig. 1) is located in the southeast of Spain; it is a
semi-enclosed coastal system connected with the Mediterranean Sea through three shallow
channels, i.e. Encafiizadas, El Estacio and Marchamalo. It represents one of the environments
of greater biological and socio-economic value in our region and takes part in a number of
protected area networks designated under regional and international agreements and Euro-
pean legislation [15]. As reported by Fossi et al. (2016) [16], these semi-enclosed bays accu-
mulate pollutants to a greater degree than in open oceans, and that should be the case of
microplastics. Previous studies have reported on the distribution and characteristics of toxic
pollutants in the Mar Menor coastal lagoon, such as PAHs, PCBs, pesticides and pharmaceu-
ticals [17-19], but no other papers have been devoted to the occurrence and characteristics of
microplastics in this protected area.

2 MATERIALS AND METHODS
2.1 The study area

The Mar Menor is the largest coastal lagoon in Spain and one of the largest in Europe, located
in the Region of Murcia (southeast Spain) (37°49°10”-37°37°55” N, 00°51°36”-00°43°59"
W), with a surface area of 135 km? (Fig. 1). A sand coastal barrier of 22 km in length, known
as La Manga, closes the lagoon from the Mediterranean Sea, with natural and artificial chan-
nels that allow water exchange on either side of the sand barrier, and five islands inside the
lagoon: El Baron, Perdiguera, El Sujeto, Rondella and EI Ciervo.

The Mar Menor and its surroundings, islands and wetlands, comprise a designated area of
14,526.56 ha, protected under a combination of international European and Spanish environ-
mental policies. The main threats in this area are related to agriculture, fishery, urban growth
and tourist development [20]. The impacts of intensive agriculture on the lagoon are due to
the nearby Campo de Cartagena plain, where traditional farming has become into intensive
agriculture, with a vast majority of vegetables growing under greenhouses, an expanding ten-
dency throughout the Mediterranean basin. The favourable climatic conditions of the region,
with mild winters and high number of sunshine hours, enable vegetable production during
late Autumn to early Spring [21]. Fishery is also an important activity at the Mar Menor area,
due to the high quality of its products, mainly fishes and crustaceans [22]. On the other hand,
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Figure 1: The Mar Menor area, including sampled beaches, watercourses and land uses.

from 1960 on, urban growing and tourist development have modified the landscape of the
area, changing the orography of the shoreline with the construction of recreational ports and
the enlargement of communication channels with the Mediterranean Sea [20].

2.2 Sample collection

Figure 1 depicts 13 sampling sites for beach sand collection, during winter 2017 and 2018
in the Mar Menor area, in order to avoid tourist season. Beaches were classified as urban,
natural or semi-natural according to their degree of development, location within the urban
centre and natural conservation, as presented in Table 1. Urban beaches (S1, S4, S5, S6, S10,
S11, S15, S16 and S17) were those intensively used and located in the main nucleus of each
municipality, with several types of commercial services and activities, and natural (S7, S13)
and semi-natural (S2, S9) beaches are poorly urbanized, with relatively well-preserved natu-
ral characteristics and protection status, i.e. SPA (Special Protected Area) under EU Birds



158 Javier Bayo et al., Int. J. Environ. Impacts, Vol. 3, No. 2 (2020)

Table 1: Beach location and classification.

Type Sampling location ~ Acronym Site code Latitude (N) Longitude (W)
Urban Playa Honda PHO N 37°37°55” 00°44°11”
Mar de Cristal MCR S4 37°38°33” 00°45°38”
Islas Menores IME S5 37°38°47” 00°46°11”
Los Nietos LNI S6 37°38°58” 00°46°57”
Los Urrutias LUR S10 37°40°43” 00°49°36”
La Manga del Mar MMM S11 37°41°10” 00°44°16”
Menor
Marina del Carmoli MCLN  S15 37°42°46” 00°51°24”
Litoral Norte
Los Narejos LNR S16 37°45°24” 00°49°37”
Santiago de la SRB S17 37°47°50” 00°48°12”
Ribera
Semi-natural Playa Paraiso PPA S2 37°38°04” 00°43°41”
Playa La Perla PPE S9 37°40°13” 00°49°10”
Natural Saladar Lo Poyo SPL S7 37°40°00” 00°48°52”
Litoral
Marina del Carmoli MCLS S13 37°42°20” 00°50°58”

Litoral Sur

Directive (79/409/EEC), SCI (Site of Community Importance) under the EU Habitats Direc-
tive (92/43/EEC) and SPAMI (Special Protected Area of Mediterranean Interest) within the
Barcelona Convention for the Protection of the Mediterranean Sea, among others.

Replicate samples were collected and placed into 120-mm glass Petri dishes, with the aid
of a metal trowel an a square of 0.50 m length (Fig. 2). An average amount (+standard error
of the mean) of 186.1 + 8.1 g of sand was collected for each sample. As in previous studies

(a) (®)

Figure 2: Sample collection: (a) square of 0.5 m length; (b) sample collected in a 120-mm
glass Petri dish.
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[14,23], the use of plastic laboratory devices was limited to the maximum, always using
cotton gowns and nitrile gloves in all extraction processes. Besides, laboratory material was
cleaned with isopropyl alcohol and bidistilled water. [23]

2.3 Sample processing and analysis

Once in our laboratory (Fig. 3), samples were dried overnight in an oven at 80°C to constant
weight and then sieved on a 5-mm mesh sieve. Microlitre, and of course microplastics, in the
sieved fraction was collected by means of 0.5 I of a concentrated sodium chloride solution
[NaCl; 120 g-I''], placing the mixture into a 2 1 glass beaker with mechanical stirring for 20
min. Supernatant with floating particles was filtered through a paper membrane filter (0.45
um pore size). After washing this filter with bidistilled water and drying on an air-forced
stove, microparticles were ready for microscopic and Fourier-transform infrared spectros-
copy (FTIR) analyses.

Possible microplastic particles were examined under an Olympus SZ-61TR Zoom Trin-
ocular Microscope (Olympus Co., Tokyo, Japan), providing a superior image quality with a
10° convergence angle at a working distance of 110 mm, with magnification ranging from
6.7x to 45x and LED lighting. This trinocular microscope was coupled to a Leica MC190
HD digital camera, with a maximum resolution of 1,596 x 1,196 pixels, 10 bits per colour

Figure 3: Sample processing: (a) mechanical stirring in a jar-test device; (b) vacuum filtra-
tion through a paper membrane filter; (c) isolation of microlitre.
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channel, 7.5 frames per second at full resolution and 0.1 ms to 1 s exposure time. The infra-
red spectra were acquired with a Thermo Nicolet 5700 FTIR spectrometer (Thermo Nicolet
Analytical Instruments, Madison, WI, USA), provided with a deuterated triglycine sulfate
(DTGS) detector and KBr detector. The spectra collected were an average of 20 scans with
a resolution of 16 cm™ in the range of 4,000-400 cm'. Spectra were controlled and evalu-
ated by the OMNIC software package, by means of a reference polymer library containing
spectra of all common polymers, together with literature [24]. Data were processed with the
SPSS (Statistic Package for Social Science) 26.0 software. Concentrations were expressed as
microlitre (ML) or microplastics (MP) per kilogram of dry beach sand.

3 RESULTS AND DISCUSSION
3.1 General results

A total of 554 microlitre particles were isolated from sand of 13 sampled beaches, with an
average concentration of 95.2 + 9.7 ML kg™!, and maximum and minimum values corre-
spond to 10.6 and 275.6 ML kg!, for two samples collected in S13 and S10, respectively. A
statistically significant difference was observed between average concentration of microlitre
collected in 2017 (121.6 + 14.4 ML kg™) versus 2018 (68.7 = 9.1 ML kg™) (F-Snedecor =
9.670, p = 0.004), indicating an improvement in beach sand quality. Microplastics accounted
for 47.5% of microlitre, as revealed by FTIR analysis, with an average concentration of 43.5
+ 7.2 MP kg, and total absence in a sample collected in S1 during 2018. The maximum
concentration was for a sample collected in S10, 166.3 MP kg™!, the same sample with the
highest microlitre concentration previously indicated. However, no statistically significant
differences were observed between samples collected in 2017 and 2018 (F-Snedecor = 0.029,
p = 0.865). We would like to emphasize that without an appropriate identification technique,
i.e. FTIR, non-plastic microparticles could be easily counted as microplastics, thus overesti-
mating their abundance. Figure 4 depicts two images of (a) microplastic and (b) non-plastic
microlitre, isolated in samples S10 and S5, respectively, in order to prove their similarity for
a naked eye.

The average concentration of microplastics reported in our study was higher than that
reported by Nor and Obbard (2014) [25] in Singapore’s coastal mangrove ecosystems, i.e.
36.8 + 23.6 particles per kg dry sediment, with a maximum concentration of 62.7 + 27.2

Figure 4: Microlitre and microplastics: (a) polypropylene (PP) (S10); (b) calcium carbonate
(S5).
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Figure 5: Average concentrations of microlitre and microplastics in natural, semi-natural and
urban beaches (error bars represent standard error of the mean).

particles per kg dry sediment. Conversely, the concentration of microplastics in the Mar
Menor beach sand was lower than the lowest average value reported by Yu et al. (2016) [26]
in an inner sea of China (102.9 + 39.9 items kg™).

The one-way ANOVA analysis demonstrated no statistically significant differences on
microlitre (F-Snedecor = 3.644, p = 0.041) or microplastic (F-Snedecor = 0.970, p = 0.393)
concentrations among natural, semi-natural or urban beaches, despite an increase on aver-
age values for microlitre and a slight increase of microplastics in semi-natural beaches, as
presented in Fig. 5.

The use of the stereomicroscope allowed a more exhaustive classification according to the
shape of microplastics, with fragments being the most recurrent form (66.9%), followed by
films and fibres (12.5%), spherules (6.6%) and foam (1.6%), as depicted in Fig. 6. The aver-
age concentrations were 29.9 + 5.7 items kg™' for fragments, 6.1 = 2.7 items kg™ for films,
5.3 £ 1.7 items kg! for fibres, 2.8 + 0.9 items kg~ for spherules and 0.6 + 0.4 items kg™ for
foam. The fragmented forms of microplastics are linked to the transformation of macro- and
mesoplastics, so we can state that most of them are secondary microplastics. The percent-
age of fragments was quite similar to that reported by Sul et al. (2009) [27] in sand from
11 beaches of Fernando de Noronha (Equatorial Western Atlantic) (65%), being the unique
type of item sampled on both sides of the island, and Hidalgo-Ruz and Thiel (2013) [28]
indicated 89% of fragments on Chilean beaches, except for a beach where 94% were spher-
ules or pellets. In our study, there were no statistically significant differences among beach
types for any of the five forms isolated, although spherules and foam were never detected in
natural beaches. The main colours for microplastics were beige (31.1%), white (16.0%), blue
(12.1%), brown (8.6%) and orange (7.8%).

The lowest size corresponded to a pink spherule isolated in S4 (120 um), with the average
size for all microplastics collected being 1.4 = 0.1 mm. Northwest samples (S7, S9, S10,
S13, S15, S16 and S17) displayed a statistically significant higher average size (2.0 = 0.2
mm) than southeast samples (S1, S2, S4, S5, S6 and S11) (1.1 = 0.1 mm) (F-Snedecor =
21.340, p = 0.000). As depicted in Fig. 7, this study also revealed that the highest microplastic
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Figure 7: Microplastic average concentrations in 13 sampled beaches.



Javier Bayo et al., Int. J. Environ. Impacts, Vol. 3, No. 2 (2020) 163

concentrations were detected in two northwest samples, i.e. S10 (166.3 items kg™') and S16
(113.8 items kg™'). This area is characterized by covering the drainage of 83.4% of water-
courses from land-use runoff drains affecting the lagoon, a fact that will be further discussed.

In relation to plastic polymers, a total of 14 polymer families were isolated in beach sand
samples, mainly represented by low-density polyethylene (LDPE) with 17.2 + 5.1 items
kg, followed by polyvinyl ester (PVE) with 8.6 + 4.0 items kg™', high-density polyethylene
(HDPE) with 6.3 + 1.8 items kg!, polypropylene (PP) with 3.2 + 1.5 items kg, polystyrene
(PS) with 1.4 + 0.6 items kg™' and polyester (PES) with 1.1 + 0.6 items kg

3.2 The influence of local activities

The fact that the highest microplastic concentrations were observed in two northwest sam-
ples, i.e. S10 (166.3 items kg™') and S16 (113.8 items kg™'), previously related to runoff,
could be associated to an extensive use of sludge from wastewater treatment plants, which
are receptors for the cumulative loading of microplastics, with the vast majority becoming
entrained in the sewage sludge [29]. However, despite this, no statistically significant differ-
ences were observed between microplastic concentrations in northwest and southeast sam-
ples, indicating that also local activities must play an important role as microplastic pollution
sources. This hypothesis is highlighted by the fact that the highest and the lowest microplastic
pollution samples were located in two northwest beaches, i.e. S10 (166.3 items kg™') and
S15 (8.2 items kg™), both of them located over the discharge of Rambla del Albujén and El
Beal, the main watercourses in the western part of the coastal lagoon that become especially
fierce during flash flood events. Human activities carried out in S10, mainly fishing activities,
urban development and tourism, may contribute to these different patterns of microplastic
accumulation.

Also, the extensive amount of polymer families identified in our study should be related to
the geographical position of the coastal lagoon, acting as a sink of a great variety of plastic
debris together with the enormous environmental passives built during the last 50 years. Pre-
vious studies in other beaches have identified a number of different polymers lower than those
reported in this study, i.e. Lots et al. (2017) [30] that identified only three types of polymer in
European beach sediments: PES, PP and polyethylene. Competent authorities responsible for
cleaning beaches cannot tackle with the elimination of these microparticles, so other alterna-
tives to the use of plastic should be addressed, with new materials and designs that prevent
different polymers from reaching the environment. In addition, it is necessary to implement
educational programs and new legislative measures. The case of LDPE is significant, as it is
widely used for packing materials and plastic carrier bags, being a high potential precursor
for microplastics [31]. Not many studies identify LDPE as the dominant type of polymer
in environmental samples. However, it is a common polymer in lake sediments, as reported
by Imhoff ef al. (2013) [32] and Sruthy and Ramasamy (2017) [33], and is the most domi-
nant type of microplastic in six out of ten of sampling points selected for the study. Indeed,
we could prove that 71.9% of film forms were made of LDPE. The use of greenhouses in
agricultural soils of Campo de Cartagena, located in the northwest part of the lagoon, could
be also an important source of these LDPE films. The ageing and fragmentation of plastic
greenhouses because of the synergistic effect of tensile stress, UV radiation and temperature
reported by different authors [34,35], together with wind and runoff transportation of these
microplastic films, could explain these results. In fact, the concentration of microplastic films
in northwest samples (11.0 + 6.2 items kg™') proved to be higher than the concentration in



164 Javier Bayo et al., Int. J. Environ. Impacts, Vol. 3, No. 2 (2020)

southeast samples (2.4 + 0.8 items kg™'), although without statistically significant differences
(F-Snedecor =2.518, p =0.125). The presence of PVE resins, increasingly used as the matrix
for fibre-reinforced composites in marine structures [36], was higher in urban beaches (14.6
+ 7.3 items kg') than in semi-natural (0.5 + 0.5 items kg™') or natural (1.8 + 1.8 items kg™)
beaches, although also without statistically significant differences (F-Snedecor = 1.445, p =
0.255).

4 CONCLUSIONS

In this article, the abundance and concentration of microplastics in beach sand has proved
to be related to environmental factors and anthropogenic actions. Microplastics represented
47.5% of total microlitre isolated in 13 sampling beaches surrounded by the Mar Menor
coastal lagoon, located in the southeast of Spain, with an average concentration of 43.5 +
7.2 MP kg!, with the highest microplastic concentrations detected in two northwest sam-
ples. This northwest area is characterized by covering the drainage of 83.4% of watercourses
from land-use runoff drains affecting the lagoon, and it is the place where the agricultural
soils of Campo de Cartagena are located, with a massive use of sludge from wastewater
treatment plants as a fertilizer. Although total microlitre proved to decrease from 2017 to
2018, no statistically significant differences could be observed for microplastic concentra-
tions. Fragments were the most isolated form (66.9%), followed by films and fibres (12.5%),
spherules (6.6%) and foam (1.6%). The main colours for microplastics were beige (31.1%),
white (16.0%), blue (12.1%), brown (8.6%) and orange (7.8%), and the average size for all
microplastics collected was 1.4 + 0.1 mm. The dominant polymer type was LDPE, followed
by PVE, HDPE, PP, PS and PES. LDPE concentrations should be related to the wide use of
that polymer type together with the breakage of plastic greenhouses, as the concentration of
film forms proved also to be higher in northwest samples. PVE microplastics could be linked
to fishery activities, because of the use of that polymer in naval composite structures, where
the environment is highly corrosive.
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