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Abstract: This article analyzes the abundance and composition of marine litter in the Gulf of Sant
Jordi (Catalonia, Spain). Marine litter was removed from the sea by a fishing trawler operating from
the port of L’Ametlla de Mar; 56 hauls were performed between July and September 2018. The marine
litter was classified following UNEP/IOC Guidelines on Survey and Monitoring of Marine Litter
and EU MSFD Technical Group on Marine Litter Joint List, with a total of 2691 items collected and
an average number by haul of 48 (SD 28.24). The density was 130 items km 2 but with significant
differences according to trawling depth: 192 items km~2 (<100 m) and 71.5 items km 2 (>100 m).
As expected, plastic was the most commonly found material, comprising almost 80% of the total.
The relative presence of plastics declined as trawling depth increased. An alarmingly high amount of
sanitary waste was found. Further studies are necessary to compare summer results with those of
smaller seasonal populations and to analyze what happens to sanitary waste.

Keywords: marine litter; plastic; bottom trawl survey; depth of trawling; Gulf of Sant Jordi; Western
Mediterranean Sea; Catalonia

1. Introduction

One of the characteristics of modern production and consumption patterns is the
generation of waste, a part of which ends up in oceans and seas, becoming marine lit-
ter [1,2]. The United Nations Environment Programme /Intergovernmental Oceanographic
Commission (UNEP/IOC) defines marine litter as any manufactured material or object
that, directly or indirectly and voluntarily or involuntarily, has been dumped or abandoned
in marine aquatic environments and either remains afloat, stays on the seafloor or on a
beach [3]. Marine litter is a global environmental problem [4-8]. The presence of marine
litter in seas and oceans damages marine ecosystems [9-12]. It also affects various socio-
economic activities such as tourism, fishing, and sailing [13,14] as well as public health
through the introduction of microplastics into food chains [15,16]. Nevertheless, according
to Science Advice for Policy by European Academies [17], ‘the best available evidence
suggests that microplastics and nanoplastics do not pose a widespread risk to humans or
the environment, except in small pockets. However, the same report concludes that ‘evi-
dence is limited, and the situation could change if pollution continues at the current rate’.
Marine litter can also be a potential secondary dispersal vector for invasive species [18-20].

The UN General Assembly recognized marine litter as a global problem in 2001
and called for national, regional, and global actions to address this challenge (Resolution
A/60/L.22). The UNEP’s Regional Seas Programme and the Global Programme of Action
were started to develop the Global Initiative on Marine Litter in 2003, and ten years later,
the UNEP Mediterranean Regional Plan for Marine Litter Management was designed
(Barcelona Convention). Regarding the European Union, we have to highlight the Marine
Strategy Framework Directive (MSFD) (2008/56/EC). The EU authorities consider it a
priority to reduce the proliferation of marine litter, and the MSFD (amended by Directive
2017/845) aims to protect the marine environment and guarantee its sustainable use.
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Its original challenge was to achieve Good Environmental Status (GES) of EU marine
waters by 2020.

Potential solutions to the problem of marine litter require knowledge, prevention,
mitigation, removal, and behavioral changes [21]. In this regard, identifying (i) sources,
(if) means of release, (iii) geographic origin, (iv) pathways, and (v) transport mechanisms
are key challenges for managing the prevention and mitigation of marine litter [22].
The first, sources, refers to the economic sector or human activities that cause litter (tourism,
agriculture, fishing, aquaculture, private households, etc.). The second, means of release,
indicates the mechanism or manner in which a given item leaves the intended cycle and
becomes a problem (improper disposal in the toilet, inadequate waste management, aban-
doned equipment, direct dumping into the sea from boats, etc.). The third, geographic
origin, refers to the location of the source (where the release took place) and its relative
distance from the site where marine litter is recorded. The fourth, pathways, is the physical
and/or technical means by which litter enters the marine environment (sewage, run-off,
permanent river flow, ephemeral flows resulting from high-intensity rainfall, etc.). The fifth
and last challenge, transport mechanisms, concerns how litter is transported to and ends
up in the marine environment.

About 70% to 80% of marine litter originates from land-based sources [23], especially
in areas with many recreational activities [24] and a high non-resident population [25].
Nevertheless, there is a predominance of sea-based sources in some areas with a high
presence of abandoned, lost, or discarded fishing gear (ALDFG) [26,27]. Veiga et al. [22]
recognized the complexity involved in identifying the concrete sources of marine litter.
Its land or sea-based source can be unambiguously determined in only a few cases [28].
Determining the abundance, spatial distribution and composition of marine litter re-
quires its removal from beaches and seas or recording it using video or photography
from autonomous underwater vehicles (AUVs), human-occupied vehicles (HOVs), towed
underwater cameras (TUCs), or remotely operated vehicles (ROVs) [29]. Some of the
most recent studies using ROVs include those by Consoli et al. [30,31], Botero et al. [32],
Costanzo et al. [33], Dominguez-Carrio6 et al. [27], Enrichetti et al. [34], Garofalo et al. [35],
Mecho et al. [36], and Pierdomenico et al. [37].

One of the most common ways to remove floating marine litter or marine litter
on the seafloor is by means of bottom trawl surveys. In some cases, there are ves-
sels specifically dedicated to collecting marine litter, and all of the operations in this
process are planned in advance, including the hauls and the swept area. Several of
the most recent studies in this respect are those by Alvito et al. [38], Cau et al. [39],
Garcia-Rivera et al. [40], Grosvik et al. [41], Kammann et al. [42], Urban-Malinga et al. [43],
Fortibuoni et al. [44], Zablotski and Kraak [45], Alomar et al. [46] and Compa et al. [47].
Marine litter is also collected by commercial fishing trawlers. Several studies have char-
acterized marine litter after its separation from catches [48-53]. In these cases, the swept
area matches the routes selected by the fishermen. In some instances, there may also be the
possibility of a specific marine litter observer on the fishing vessel [54]. Another way to
characterize marine litter is by means of visual surveys by scuba divers. This approach
allows the analysis of areas where bottom trawl surveys cannot be performed because the
waters are too shallow or too close to the coastline [44,55-57]. Canals et al. [29] reviewed
the methods of seafloor litter monitoring highlighting strengths and weaknesses.

The concentration of marine litter depends on a number of factors including distance
from the coastal area, population density of the coastal area, coastal physiography, presence
of rivers, sea depth, and oceanographic conditions such as sea currents and topographic
characteristics of the seafloor [29,46,58-60]. Deep canyons, sometimes far from the coast,
have been found to represent important sinks for marine litter [27,37]. The association of
topographic (bathymetric profile and slope) and hydrodynamic components (surface and
bottom currents) is also a pivotal factor that influences the dispersion or accumulation of
marine macro-litter [61].
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A large number of studies have analyzed the composition and vast amounts of marine
litter in marine waters worldwide [29]. The results point to a clear predominance of plastic
objects, in terms of litter numbers, with percentages ranging from 45% in Constanta Bay
to 95% in the Saronikos Gulf [62]. The territorial context plays an important role when
comparing results, but this is made more difficult by the existence of different classifications,
as stated by Williams and Rangel-Buitrago [21] or Alvito et al. [38]. In this sense, plastic
items represented only 35% in the research conducted by Zablotski and Kraak [45] on the
Baltic seafloor. Their characterization included the category ‘natural products’, with plastic
items in the second position. By contrast, Galimany et al. [52] and Garcia-Rivera et al. [54]
claimed that some of the plastic collected, such as fragments of plastic bags, is very small in
size and, therefore, often over-represented. The relative presence of this material declines
when weight is taken into account; in this case, the percentage ranges from 45% along the
coast of Barcelona Province [51] to 17% in the Gulf of Antalya [50].

Different areas of the Mediterranean basin have been analyzed, with bottom trawl
surveys the approach used in many cases to characterize marine litter, including studies
conducted in the Spanish Mediterranean Sea [46,47,51,52,54,59]. Nonetheless, the study
of marine litter in some areas of the Spanish Mediterranean Sea remains insufficiently
addressed. One such area is situated along the southern coast of Catalonia. In this respect,
the objectives of the present study were: (i) to determine the abundance of marine litter in
the Gulf of Sant Jordji; (ii) to characterize the marine litter collected; (iii) to analyze possible
differences in the abundance and composition of different types of marine litter, taking into
account sea depth and when the litter was collected; and (iv) to contribute to filling the gap
in this issue regarding the Western Mediterranean area.

The data required to achieve these goals were provided by a fishing trawler from the
port of L’ Ametlla de Mar during the period from July through September 2018. The research
was possible thanks to an agreement between the Federation of the Fishermen’s Association
of Tarragona Province and the Diputaci6 de Tarragona (Provincial Council of Tarragona).
This research is aligned with the initiatives undertaken by the Spanish government (Spanish
Marine Strategies (Ministerio de Transicion Ecolégica (https:/ /www.miteco.gob.es/es/
costas/temas/proteccion-medio-marino/estrategias-marinas/default.aspx, accessed on
10 August 2021))) in the framework of the MSFD (adopted by means of Act 41/2010 on
the Protection of the Marine Environment and Royal Decree 957/2018), as well as with
the initiatives of the autonomous government of Catalonia (Marviva project (Agencia de
Residus de Catalunya (http://residus.gencat.cat/ca/ambits_dactuacio/tipus_de_residu/
deixalles-marines/projectes/projecte-marviva/, accessed on 10 August 2021))).

2. Materials and Methods
2.1. Area of Study

The Gulf of Sant Jordi is located in the Western Mediterranean Sea, just off the southern
coast of Catalonia (Figure 1). The most populated neighboring municipality is L’ Ametlla
de Mar, with almost 7000 inhabitants. It is close to other, more populated towns such as
Cambirils (34,000 inhabitants), Salou (27,000 inhabitants), and Tarragona (135,000 inhabi-
tants). The study area included part of one of the main sun and beach tourist destinations
in Catalonia, the Costa Daurada. Thus, there is a large seasonal population in the area
that consumes resources and generates waste. In fact, the summer population is three
times greater than the resident population in Salou and 1.7 times greater than in L’ Ametlla
de Mar.
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Figure 1. Area of study: sampling locations, aquaculture areas, isobaths, ports, and main towns.

The geomorphologic and climatic features of the territory have been shaped by
a hydrographic network that is characteristic of much of the Mediterranean coastline.
A mountain range runs parallel to the coast and is located only a short distance from: it.
The precipitation, which is scarce, irregular, and seasonally concentrated, has helped to
create a complex network of ravines and streams with ephemeral flows. In most cases,
these carry water only after episodes of heavy rainfall; one of the few exceptions to this is
the Ebro River. The Cape of Tortosa (which coincides with the mouth of the Ebro River)
marks the southern limit of the Gulf of Sant Jordi. The water current just off the coast runs
from northeast to southwest.

According to data from the Catalan Water Agency, 16 wastewater treatment plants
are currently operating in the 12 coastal municipalities between Torredembarra and the
Cape of Tortosa. Two of these plants discharge treated water into the Ebro River, eight into
ravines, and six into the Mediterranean Sea. The treatment plants were designed to serve
a population of 745,000 inhabitants, although the registered population in 2019 was just
300,000. The area’s main inland settlements (Reus, Tortosa, and Amposta) also have their
own wastewater treatment plants.

The most important fishing port on the Gulf of Sant Jordi is located at L’ Ametlla
de Mar. There are also others near the study area, with the most important being at
Cambrils and Sant Carles de la Rapita. These three ports account for 70% of the trawler
fleet in Tarragona Province. According to the fishing regulations, fishing trawls have to be
performed at a depth of over 50 m or at a distance of at least three nautical miles from the
coast. There are also several marine leisure harbors and a small cruise-ship dock at Sant
Carles de la Rapita. However, the main port in the local area is in the city of Tarragona and
is a fishing, leisure, commercial, and industrial port. In recent years, it has also become a
significant destination for the arrival of cruise ships. In the south of the study area, there
are several aquaculture fish farms that are mainly dedicated to the production of mussels.
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They are principally located in the two natural bays created by sediment from the Ebro
River as well as opposite the northern perimeter of the Ebro Delta.

The depth of the sea in the study area increases more rapidly in the northern sector
than in the southern area. At Torredembarra, the distance from the shore to the 100 m
isobath is less than five nautical miles, whereas at L’Ampolla it is 21 nautical miles.

2.2. Data and Methodology

The marine litter was collected by one fishing trawler, Catali Segon (For more details:
https:/ /www.youtube.com/watch?v=5if6ZpR1kwQ, accessed on 10 August 2021), from
the port of L'Ametlla de Mar, with a length of 21.2 m and 48.26 gross register tonnage (GRT).
The vessel operates with a bottom otter trawl (bou d’arrast). The fishing net is conical in
shape, narrowing towards the cod end (cop), and the mesh size is 40 mm. The maximum
width of the net is 10 m. The mouth remains open by means of the otter boards (portes),
and its vertical height depends on the presence of floats, which vary in number and size
according to the species being targeted (invertebrates and fish). The marine litter was
landed at the port. It was separated from the catches, classified, counted, and noted
on a daily basis, using a record card designed by the Waste Agency of Catalonia in the
framework of the Marviva project. The card, in the Catalan language, includes general
information under the following file headings: date, fishing area, trawled surface area, and
weather. The operations were in charge of the fishermen after a hard day’s work and the
litter was not weighted.

The items were distributed in the card following an adaptation of the UNEP/IOC [3]
guidelines for the classification of marine litter. Marine litter was classified into eight types
of material: plastic (PL), paper and cardboard (PC), anthropogenic wood (WD), metal (ME),
rubber (RB), cloth (CL), glass and ceramic (GC), and other (OT). Each of these is divided into
various groups of objects of the same material. Nevertheless, according to the UNEP/IOC
guidelines, the OT group is not necessarily based on composition” [3], differentiating
between OT01 (paraffin or wax), OT02 (sanitary), OT03 (appliances and electronics), OT04
(batteries) and OT05 (other). Sanitary waste (OT02) comprises diapers, cotton buds, tampon
applicators, wet wipes, and panty liners. Although cellulose and cotton are materials found
in some of these objects, they are mainly made of plastic resins (polyester, polyethylene,
and polypropylene), and therefore, we treated OT02 items as plastic objects. However, a
more recent list has been published by the EU MSFD Technical Group on Marine Litter [63].
Marine litter is classified into nine types of material. Seven are equivalent to those in the
UNEP/IOC list (artificial polymer/plastic (pl), paper/cardboard (pp), processed /worked
wood (wo), metal (me), rubber (ru), cloth/textiles (cl) and glass/ceramics (gc)), and two
more are added: chemicals (ch) and food waste (fw). We show the results according to the
two lists in order to increase the harmonization of data reporting and intercomparability of
our results with future works using the EU MSFD list. Nevertheless, there is not a complete
equivalence when a high level of detail is required.

The study period ran from July through September 2018, with information being
collected for 56 days (22 in July, 17 in August, and 17 in September) beginning on Monday,
2 July, and ending on Friday, 28 September (12 on Monday, and 11 on Tuesday, Wednesday,
Thursday and Friday). The daily trawl of the fishing vessel participating in this study, the
Catali Segon, covered 20 nautical miles, corresponding to 37.04 km, for a total of 2074.24 km.
As mentioned p‘reviously, the maximum width of the net is 10 m. The swept surface was
calculated using the horizontal opening of the net and the distance trawled for the 56 days.
The fishing trawler, therefore, covered an area of 20.75 km?. The available data allowed
us to analyze the amount and composition of marine litter for the entire period, as well
as its temporal distribution, by comparing two periods. The first ran from the beginning
of July until the end of August (summer season), and the second covered the month of
September. The last analysis took into account the depth at which fishing was conducted:
<100 m and >100 m.
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The Mann-Whitney U test was applied to compare whether the difference in the
medians of the two temporal samples (July-August and September) was statistically
significant and also to determine whether the difference between the medians of the two
samples linked to fishing depth (<100 and >100 m) was statistically significant. In a similar
way, the chi-square (x?) test was applied to analyze whether the differences in marine litter
composition were statistically significant.

3. Results
3.1. Abundance and Composition of Marine Litter

The Catali Segon fishing trawler collected 2691 items during the 56-day period from
July to September 2018. The daily number of items of marine litter collected was, on
average, 48. The interest in this figure is limited because it is exclusively related to only one
fishing trawler and its schedule. The density of marine litter in the swept area of the Gulf
of Sant Jordi was 130 items km 2. Figure 2 shows the distribution of the days, taking into
account the density of marine litter recorded on each day. Between 24 and 75 items km 2
were collected on almost 30% of these days and between 76 and 125 on a quarter of the
days. The other three thresholds accounted for 15% of the days each. The largest density
and number of items was collected on 7 September (294 items km 2 /109 items) and the
fewest on 25 July and 29 September (24 items km~2/9 items each day).

30
25
20
15
001 0
5

0

76-125 126-175 176-225 >225
items km?2

Figure 2. Distribution of fishing days according to the density of marine litter.

Table 1 shows the composition of marine litter taking into consideration the seven
materials indicated in the methodology section and their amounts: total and relative
number, daily average, and density. All the items coded OT corresponded to OT02 (diapers,
cotton buds, tampon applicators, wet wipes, and panty liners) and were considered plastic
objects. The fishermen stated that most of them were wet wipes. Almost 80% of the litter
(2093 items) were objects made of plastic. The daily number of objects made of plastic
was, on average, 37.3, and the density was 100.9 items km 2. The second-most abundant
material collected from the seafloor in the Gulf of Sant Jordi was metal (9.7%), while none
of the other five materials (paper/cardboard, anthropogenic wood, rubber, cloth, and
glass/ceramic) individually represented more than 5% of the total.
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Table 1. Abundance, characterization, and frequency of marine litter.
Material Items Daily Mean Density
(UNEP/IOC-EU MSFD) Items (SD) (Items km—2)

Plastic (PL—pl) 2093 (77.8%) 37.3 (25.61) 100.9

Metal (ME-me) 260 (9.7%) 4.6 (3.20) 12.6
Paper and cardboard (PC—pp) 130 (4.8%) 2.3 (1.74) 6.3
Cloth (CL—ct) 94 (3.5%) 1.7 (1.34) 4.6
Glass and ceramics (GC—gc) 70 (2.6%) 1.3 (1.16) 3.4
Anthropogenic wood (WD-wo) 23 (0.9%) 0.4 (0.65) 1.2
Rubber (RB-ru) 21 (0.7%) 0.4 (0.63) 1.0

Total 2691 48.0 (28.24) 130.0

A wide range of plastic objects become waste and end up in seas and oceans. Table 2
shows the distribution of the different types of plastic litter. Two-fifths were in the form
of bags (PL07-J3/]4). Sanitary waste (OT02-J96/]97/]98/]144/]237) was the second-most
common, and bottles (<2 L) (PL02 (There is no equivalence. MSFD: ]J7 (<0.5 L) and J8
(<0.5 L))) were in the third position. Together, these represented almost 80% of the total
plastic recovered from the seafloor in the Gulf of Sant Jordi. The concentration was even
greater in the case of metal, with over 90% in the form of aluminum drink cans (ME03-J175)
or food cans (ME04-]176).

Table 2. Frequency and abundance of main plastic objects.

(UNllijll’jf(t;E?];)l]JelifISSFD) Frequency Density (Items km—2)
Plastic bags (PL07-J3/]4) 40.4% 40.8
Sanitary waste (OT02- *) 25.6% 25.7
Bottles <2 L (PL02) 13.8% 13.9
Food containers (PL06-]J224) 7.8% 7.9
Monofilament line (PL18-]59) 5.2% 5.3
Sheeting (PL16-]67/]220) 1.5% 1.5
Other plastic objects 5.7% 5.8
Total 100% 100.9

“EU MSFD: ]96, ]97, 98, ] 144 and J237.

As for the other materials, almost 80% of paper and cardboard items were objects in-
cluded in codes PC03-J150/]151/152/]244/]245 (cups, food trays, food wrappers, cigarette
packages and drink containers); four of five cloth items were included in codes CL0O1-
J137/]138 (clothes, shoes, hats, and towels); nine of ten glass and ceramic items were
included in codes GC02-J200/]J201 (bottles and jars); more than half of anthropogenic
wood items were included in codes WD04-]160 (processed timber and pallet crates); and
one-third of rubber items represented footwear (RB01-J127), including flip-flops, while
another third were included in codes RB01-J125/]J126 (balloons, balls, and toys).

3.2. Temporal Distribution of Marine Litter

Table 3 shows the distribution of marine litter after taking into consideration whether
the fishing activity took place in July and August of 2018 (peak summer-season population)
or in September. A total of 39 (69.6%) fishing days corresponded to the first period and
17 (30.4%) to the second, while the swept areas were 14.44 km? and 6.31 km?, respectively.
The marine litter collected for the summer period accounted for 65.2% of the total, with the
remaining 34.8% corresponding to the first month of autumn. This implies differences in
the average daily amount (45 vs. 55 items) and in the density (121.5 vs. 148.5 items km ).
The Mann-Whitney U test showed that the difference between the median of the two
samples is statistically significant (U = 192; p < 0.05).
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Table 3. Frequency and abundance of marine litter by materials: July-August and September 2018.

Material July-August September
Density Density
Codes Frequency (Items km—2) Frequency (Items km—2)
PL—pl 74.9% 90.9 83.2% 123.6
ME-me 11.1% 134 7.1% 10.5
PC—pp 5.5% 6.7 3.6% 54
CL—co 4.0% 49 2.5% 3.7
GC-gc 2.5% 3.1 2.8% 41
WD-wo 1.1% 1.3 0.4% 0.6
RB-ru 0.9% 1.2 0.4% 0.6
Total 100% 121.5 100% 148.5

Table 3 also shows the composition of marine litter after taking into account the
materials found. The same pattern existed in both periods: plastic was the most abundant
form of litter, followed by metal and then paper/cardboard. There is a higher relative
proportion of plastic items collected in September than in July-August. The other categories
declined in September, especially metal objects. The only exceptions, in terms of relative
proportion, were objects made of glass and ceramic. The differences in the distribution
were statistically significant (x> = 30.01; p < 0.001).

3.3. Depth Distribution of Marine Litter

Table 4 shows the distribution of marine litter after taking into account sea depths
of <100 m and >100 m. The numbers of fishing days were 27 (48.2%) and 29 (51.8%),
respectively, and the swept areas were 10 km~2 and 10.75 km~2. In contrast, the 1921 items
collected at shallower depths (<100 m) accounted for almost three-quarters of the total.
This implies major differences in the average daily amounts (71 vs. 26.5 items (SD 21.23 and
12.44, respectivelly.)) and densities (192 vs. 71.5 items km~2). The Mann-Whitney U test
showed a significant difference between the median values of the two samples (U = 30.5;
p <0.05).

Table 4. Frequency and abundance of marine litter by materials: sea depth < 100 m and >100 m.

Material Sea Depth < 100 m Sea Depth > 100 m
Density Density
Codes Frequency (Items km—2) Frequency (Items km—2)
PL-pl 81.9% 157.3 67.4% 48.3
ME-me 7.9% 15.1 14.2% 10.1
PC—pc 3.6% 6.8 8.1% 5.8
CL-co 2.9% 5.6 4.9% 3.5
GC—gc 2.2% 42 3.6% 2.6
WD-wo 0.8% 1.6 0.9% 0.6
RB-ru 0.7% 14 0.9% 0.6
Total 100% 192 100% 71.5

The abundance of marine litter for all seven materials declined when fishing took
place beyond the 100 m isobath. There was, however, a significant decrease in the rel-
ative presence of plastic items and a slight decrease in the case of glass/ceramic items.
By contrast, there was an increase in the relative presence of all other materials, especially
in the case of metal and paper/cardboard objects The difference between the two samples
was statistically significant (x? = 71.77; p < 0.001).

The frequency of the different plastic objects found was analyzed after taking into
consideration the depth at which trawling was conducted (Table 5). At greater depths, a
lower presence of each of the five main typologies was noted. Plastic bags were the most
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common objects found at both depths. However, their relative presence rose by 7.5 points
when the depth exceeded 100 m. The highest relative increase occurred in the case of
the monofilament line. The amount of this type of item with an unequivocally sea-based
litter source remained very close at both depths. In contrast, the presence of sanitary
waste declined drastically both in absolute as well as in relative numbers. The differences
between the two samples were statistically significant (x> = 149.01; p < 0.001).

Table 5. Frequency and abundance of main plastic objects: sea depth < 100 m and >100 m.

Plastic Objects Sea Depth <100 m Sea Depth > 100 m
Density Density
Frequency (Items km—2) Frequency (Items km—2)
Plastic bags 38.6% 60.7 46.1% 22.2
Sanitary waste 31.8% 50.0 6.7% 3.3
Bottles <2 L 12.3% 194 18.3% 8.9
Food containers 7.4% 11.7 8.9% 43
Monofilament 3.7% 58 9.8% 47
line
Other plastic 6.2% 9.8 10.2% 49
objects

Total 100% 157.3 100% 48.3

4. Discussion
4.1. Abundance and Distribution

The density of marine litter in the Gulf of Sant Jordi was 130 items km~2. This density
was greater than that found by Neves et al. [49] in the Atlantic Ocean, ranging from
80 to 17 items km~2 in the northern and southern coasts of Portugal, respectively; or in the
North Sea and Baltic Sea, with 17 and 5 items km 2, respectively [42]. The characteristics
of the North-East Atlantic Ocean, the North Sea, and the Baltic Sea, as well as the territorial
context of the areas bordering them, might explain the lower amounts of marine litter
found in these waters than in the Mediterranean Sea. Nevertheless, lower densities than
ours have been found in several areas of the Mediterranean Sea, for example, by Stefatos
et al. [48] in the Gulf of Echinades (89 items km~?2), Ioakeimidis et al. [62] in the Gulf
of Limassol (24 items km~2), Alvito et al. [38] in Sardinia (58 items km~?2), Fortibuoni
et al. [44] in offshore Rimini and in Montenegrin and Slovenian waters, Garofalo et al. [35]
off the southern coast of Sicily (79.6 items km~2), and by Mutlu et al. [57] on the Turkish
Mediterranean coasts (19 items km~2). In some cases, the authors attributed the low values
to a relatively low population along a coast, the absence of large rivers flowing into the sea,
and/or a relatively small fishing fleet.

In contrast, higher values than ours have been reported in the Eastern Mediterranean
Sea by Stefatos et al. [48] in the Gulf of Patras (240 items km~2), Ioakeimidis et al. [62] in the
Gulf of Saronikos (1211 items km~2), Cau et al. [39] in the Tyrrhenian Sea (258 items km™2),
Crocetta et al. [53] in the Gulf of Naples (300 items km™2), Enrichetti et al. [34] in the
Ligurian Sea (maximum densities of 7900 items ha~1), Pierdomenico et al. [37] in the
Southern Tyrrhenian Sea (up to 56.3 items/100 m), and by Fortibuoni et al. [44] in the
southern area of the Gulf of Venice (983 items km~2), North Corfu (910 items km~2), and
the Kerkiraikos Gulf (829 items km~2). These higher values are, in some cases, because of
high population density including seasonal arrivals, or because the study area is located
near the mouth of a river and/or aquaculture fishing activities. In other cases, the study
area was a relatively enclosed gulf.

It is not possible to compare our results with those of several studies undertaken
along other Mediterranean areas, including some Spanish [40,46,54] and Catalan areas [52],
as their analyses were performed considering the weight of the marine litter instead of
the number of items recorded or removed from the seafloor or because they focused on
only plastic objects [47]. Two exceptions are the study conducted by Dominguez-Carri6
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et al. [27] off the Cap de Creus and the study by Pérez [51] along the coast of Barcelona
Province. The latter reported a density of 66 items km~2, which was 50% lower than that of
our study. Despite the fact that the population density of the Barcelona area is higher than
in our study area, the depth of the sea increases more rapidly than in the Gulf of Sant Jordi.
Furthermore, the main maritime current runs from northeast to southwest off the Catalan
coast. By contrast, the density found by Dominguez-Carri6 et al. [27] was significantly
higher, reaching 11,000 items km~2. The analyzed area of the Cap de Creus included
a submarine canyon where marine litter tends to accumulate over time due to bottom
currents. In addition, fishing bottom trawlers try to avoid these areas in order to be more
efficient in terms of catches. Another factor that needs to be considered is the methodology
applied (see Introduction section). The research conducted by Dominguez-Carri6 et al. [27]
used underwater video transects, whereas both the present study and the one by Perez [51]
used a bottom trawl survey. The first study recorded all the marine litter following the
hauls chosen by the researchers. In the latter, the marine litter was removed through a
bottom trawler and the swept area was selected by the fishermen.

Our results showed statistically significant differences when the July—August period
was compared with September. The Costa Daurada welcomes a very large seasonal
population every summer, with various land- and sea-based leisure and tourism activities
resulting in an increase in the amount of waste objects that end up in the waters off these
coasts, including the Gulf of Sant Jordi. Even so, the process by which marine litter reaches
the seafloor where the fishing trawlers work requires some time. It should also be noted
that commercial fishing is banned in the Gulf of Sant Jordi in May and June. It would be
advisable to compare our results with findings for other seasons, as Olguner et al. [49]
carried out in Antalya, a tourist destination on the southern coast of Turkey.

The abundance of marine litter in the Gulf of Sant Jordi clearly varies at different
depths. It is higher in shallower waters, which are close to human settlements and socio-
economic activities (including tourism), and where rivers or ravines discharge water into
the sea along with sediments and waste. Our results are in line with those reported by
Ioakeimidis et al. [62] for various areas in the Eastern Mediterranean Sea and by Strafella
et al. [64] in the Adriatic Sea. Nevertheless, the hauls in the Gulf of Sant Jordi were
performed at a depth of over 50 m (or at a distance of at least three nautical miles from
the coast). We have no information about the abundance of marine litter in the shallowest
waters close to the coast where the amount of marine litter tends to decline, as reported by
Fortibuoni et al. [44] and Mutlu et al. [57]. Moreover, the hauls in the Gulf of Sant Jordi did
not include deep canyons, where the amounts of marine litter tend to be higher than on the
continental shelf [27,37].

4.2. Characterization and Sources

As expected, plastic material was the most common item removed from the seafloor in
the Gulf of Sant Jordi (close to four of every five items). The predominance of plastic items
concurs with results found in other Mediterranean areas [4,37-39,44,48,49,53,57,62,64,65],
but also in other waters including the Atlantic Ocean [49,66,67], the Black Sea [62,68], the
North Sea [42,69], the Baltic Sea [42,43], and the Caribbean Sea [32].

However, there are substantial differences between the above studies when the relative
presence of plastic items is quantified (ranging from 45% to 95%). The overwhelming
amount of plastic situates the Gulf of Sant Jordi towards the upper limit of this range.
While the territorial and oceanographic context explains part of the differences found in the
literature [29], the methodology used to record or collect the marine litter [34], as well as
the way the marine litter is classified [21,38], are also important factors. In this regard, we
can satisfactorily compare our results only with those obtained in the research conducted
by Pérez [51] along the coast of Barcelona Province, following the same approach (bottom
trawl survey) and the same classification. In that study, plastic items represented 83% of
the total amount of litter, very close to our results (77.8%).
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The second-most abundant material removed from the seafloor in the Gulf of Sant
Jordi was metal (almost 10% of the total); this was also the case in the Gulfs of Echi-
nades, Santorini and Limassol, and the Bay of Constanta [62] or in the Southern Baltic
Sea [43]. In the study by Pérez [51], the second-most abundant material was cloth (8%),
with metal objects accounting for 4% of the marine litter recovered along the coast of
Barcelona Province.

A wide range of plastic objects become waste and end up in the sea. Plastic bags
constitute the most commonly recovered item, with the value we report (two of every five
plastic objects) very close to that reported by Pérez [51] for the coast of Barcelona Province.
Plastic bags, together with bottles and food containers, are commonly single-use objects
that too frequently end up in the sea. In our study, the presence and large amounts of
sanitary waste, mainly wet wipes, were unusually high compared to other results reported
in the literature. As far as we are aware, no other research has reported similar values.
This suggests markedly inappropriate behavior regarding sanitary waste management
and the discharge of untreated sewage from recreational activities and facilities located on
the coastline or from cruise boats. Nevertheless, we cannot eliminate the possibility of a
wastewater treatment plant malfunction; these are potential escape routes through which
plastic and sanitary waste can enter aquatic environments [70].

We found statistically significant differences when comparing temporal and depth
distributions of marine litter. The relative presence of plastic items increased in September
compared with July and August. In particular, consumption of single-use plastic objects,
like bags and bottles, increased in summer because of the arrival of the seasonal population.
Some of these items ended up in the sea, increasing the probability of their capture from
the seafloor by fishing trawlers in autumn and probably in winter. As for sea depth, the
relative presence of plastic items was lower in deeper waters where there was a relative
increase in the presence of other materials, particularly metal objects. Some plastic items
(especially wet wipes and other sanitary waste) remained on the seafloor of the shallow
waters close to their mainland-based sources. In contrast, the amount of monofilament line
was very similar at both depths, and its relative presence was greatest at depths > 100 m.
These objects have an unequivocally marine-based source from fishing boats working at
different depths.

Despite most marine litter having a land source [23], quantifying its distribution
among the wide range of land and marine sources is a complex operation. There are, how-
ever, several marine litter typologies that have an unequivocal marine source. These include
fishing gear, monofilament lines, fishing nets, sinkers, lures, and hooks [54,62]. We can
state that 6.7% of the marine litter removed from the Gulf of Sant Jordi has an unequivocal
marine source.

5. Conclusions

The aims of this study have been met in that we determined the abundance of marine
litter removed from the seafloor and characterized it according to seven different materials
and their main typologies, thereby contributing to filling the existing gap on the subject of
marine litter in the Gulf of Sant Jordi, an area of the Western Mediterranean Sea that has
been scarcely analyzed. The amount of marine litter found in the Gulf of Sant Jordi in the
present study can be considered moderate compared to the findings of existing literature
on the entire Mediterranean Sea. The vast majority of marine litter was made of plastic,
amounting to almost 80% of the total. The most abundant objects were plastic bags and
sanitary waste (mainly wet wipes). We found statistically significant differences both in
the amount and characterization of the marine litter when considering the time of year the
trawl was performed (summer vs. autumn) and the depth at which it was conducted.

Public policies and programmes need to be designed and implemented to prevent or
at least reduce the marine litter problem [71-73] by means of strict control of land- and
sea-based sources [27] and also by reducing the amounts of plastic objects manufactured in
general. To this end and complementing the MSFD, the European Strategy for Plastics in a
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Circular Economy [74] proposes four measures (improving the economics and quality of
plastics recycling, curbing plastic waste and littering, driving investment and innovation
towards circular solutions, and harnessing global action) as well as several actions to
achieve a more circular plastic economy and, thereby, reduce its production and the amount
of plastic objects that end up in the world’s marine waters. These objectives are reinforced
by EU Directive 2019/904 on the reduction of the impact of certain plastic products on the
environment. The problem of sanitary waste is addressed in Article 10 of this recent EU
Directive through awareness-raising measures to avoid ‘the impact of inappropriate means
of waste disposal of those single-use plastic products on the sewer network’.

Our work is a starting point for the analysis of the abundance and composition of
marine litter along the southern part of the Mediterranean coast of Catalonia. While it
is a modest contribution to tackling the problem of marine litter, it is aligned with EU
objectives, especially those of the MSFD monitoring programme in Spain. It should also
be acknowledged that our study has several limitations. First, with just three months of
data, the temporal scope is limited. Second, as well as being classified by material, number
and size, the marine litter also needs to be weighed to allow more extensive comparisons
of the results obtained with those from other studies that have analyzed the abundance
and characterization of marine litter taking into account its weight. Finally, there are
several limitations to the methodology used to achieve the objectives, namely bottom trawl
surveys conducted by a fishing trawler. The researchers had very little or no influence
on the decision about the area to be swept, and additionally, regulations prohibit fishing
trawler activity close to the shore (<3 nautical miles) and in shallow waters (<50 m).

In this sense, further analysis should be conducted in the Gulf of Sant Jordi, particularly
in order to compare our results (abundance and characterization) with those of other
seasons, as well as to determine the sources, means of release, geographic origins, pathways
and transport mechanisms of marine litter in this area and taking into account marine
currents and the topography of the seafloor. In addition, due to its excessive presence,
sanitary waste calls for special attention. Bottom trawl surveys should be complemented
with visual scuba surveys, as performed by Fortibuoni et al. [44] in order to extend the
swept area. Other areas of the continental shelf where bottom trawlers cannot operate
because of the bathymetric profile and slope also need to be considered. In such cases,
an ROV can be an option. However, ROVs allow the recording of marine litter but not
its removal. Dominguez-Carrio et al. [27] raised the dilemma posed by, on one hand, the
environmental benefit of removing marine litter from the seafloor and, on the other, by
the environmental impact of doing so through bottom trawlers. Another challenge will
be to assess the impact of the COVID-19 pandemic on water ecosystems in terms of the
amounts of personal protective equipment (PPE), especially masks and gloves, that end up
in marine waters [75,76].

In summary, this kind of research is necessary in order to achieve UN Sustainable
Development Goal 14 and, more specifically, Target 14.1: ‘prevent and significantly reduce
marine pollution of all kinds, in particular from land-based activities, including marine
debris and nutrient pollution’.
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