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MICROPLASTIC POLLUTION ON GRAN CANARIA ISLAND BEACHES

Abstract

In recent decades, plastic pollution in the ocean has increased exponentially. With an
estimation of more 270 thousand tons of plastics floating in the marine environment
where they tend to migrate to the oceanic margins, accumulating in convective
zones. The Canary Islands, located on the eastern margin of the Atlantic Ocean,
are an obstacle to the Canary Current. There, it is of great interest to study the amount
and type of plastic that migrates around the archipelago, as well as the proportion of
plastic that washes up on the coast. This study of microplastic pollution on Canary Island
beaches is a starting point for seasonal monitoring of plastic waste and future research
that will aim to explain the consequences that this marine litter can have on marine
ecosystems.

The majority of the items observed were fragments from bigger plastic objects, more of
the 50% of the items sampled. The transparent resin pellets or nurdles, semispherical
items used as raw material in the production of plastics, were found on most beaches and
comprised 14% of the total microplastic pollution. This was unexpected because the
Canary Islands do not have a plastics industry, so this marine debris was rafted to the
islands via ocean circulation. In addition, microfibers were also found, averaging a
maximum concentration of 2000 items/m?. The distribution of microfibers was totally
different from that of the larger microplastics and mesoplastics, suggesting a possible
endogenous origin of the contamination, probably by wastewater discharges, ravines and
beach users.
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1. Introduction

Globally, more than 250 million tons of plastic wastes are produced every year, of
which between of 2 and 5 % end up in the sea. This means a mean of 8 million tons of
plastic waste is being discharged into the oceans (Jambeck et al., 2015) mostly by rivers
(Lebreton et al., 2017).

A study based in an oceanographic model has estimated that there are around 5.25
trillion particles of plastic debris floating on sea surface (Eriksen et al., 2014).
Furthermore, this study showed that polytyrene foam was the most frequent macroplastic
and abandoned fishing buoys represented 58.3% of the macroplastic weight. This floating
plastic represented 15% of the oceanic total. The rest was submerged below the sea
surface (15%) or on the seabed (70%) (Jambeck et al., 2015). Other studies have shown
that the fraction of floating waste tends to migrate to oceanic margins or accumulates in
subtropical gyres (Cozar et al., 2014; Eriksen et al., 2014; Lebreton et al., 2017; Van
Sebille, 2015). These studies have identified five large areas of accumulation.

However, not all the marine litter is macroplastic (>25 mm); there are two smaller
fractions. One is an intermediate fraction (5-25 mm) termed mesoplastic (Lee et al.,
2013); while the other, a fraction, termed microplastic (MP, Thompson et al., 2009),
comprised of even smaller particles (< 5 mm, Arthur et al., 2009). In addition, inside the
MPs one can distinguish two fractions, one between 1-5 mm (larger) and other below 1
mm (smaller) (Lee et al., 2013). Those that have been prefabricated with these dimensions
are known as primary microplastics, and those have been generated from the
fragmentation of larger plastic pieces are known as secondary microplastics (Barnes et
al., 2009).

In several investigations has been showen that the MP is ingested by many marine
organisms from different trophic levels (Carbery et al., 2018). Ingestion may occur
accidentally, for example by marine filter feeders, from small bivalves (Cauwenberghe
and Janssen, 2014) to large whales (Besseling et al., 2015) or it may be purposefully by
selective ingestion. This latter situation occurs in some species of planktivorous fishes.
They ingest blue MPs because they confuse it with a species of blue copepod (Christian
etal., 2017). Some marine turtles ingest plastic bags, confusing them with jellyfish, their
natural food (Nelms et al., 2018).

Moreover, it has been shown that in some contaminated marine waters, MPs acquire
chemical contaminants, among which are some persistent organic compounds (POC’s)
(Van et al., 2012). This means that the MPs, in the marine environment, are associated
with harmful chemical compounds that, by ingestion, are assimilated by the organisms
who eat them (Rochman et al., 2013). Once in their bodies, the contaminants can impact
their health (Rochman et al., 2014).
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Therefore, it is of great interest, not only to the scientific community, but also to society,
in general, to learn if these pollutants are being bioaccumulated along marine trophic
webs. Are they biomagnified at the highest levels of the food web? Do they have a
deleterious effect on these ecosystems (Carbery et al., 2018).

The Canary Islands, located in the oriental margin of the Atlantic Ocean and in the
middle of the influence of Canary Current, have been shown to receive large amounts of
plastic waste, registering maximum concentrations of around 300 g/m? on the
northeastern coasts of eastern islands (Baztéan et al., 2014; Herrera et al., 2018a). All the
plastic material that reaches the Canary Islands, including microplastics, are a clear
example of the type of floating waste that migrates along the eastern margin of the
Atlantic Ocean.

However, not all plastic material that reaches the Canary Islands is of exogenous origin.
There is evidence that there are certain types of microplastics that are being discharged
into the sea and therefore could be endogenous contamination. It has been demonstrated
in other regions of the world that microplastics are being spilled into the marine
environment through wastewater discharges because the standard treatments applied to
wastewater are not fully effective with the reception of MP, especially with the smaller
fraction (< 1 mm) (Prata, 2018). There is evidence that the secondary treatment of
wastewater retains 99% of the microplastics (Heinonen et al., 2017). Given this situation,
if a wastewater discharge has a considerable daily flow, it could be considered that the
remaining 1% could become a polluting vector of plastic of great importance for marine
ecosystems.

For these reasons, the present investigation is proposed with the following objectives:

1. Determining the quantity and type of micro and mesoplastic that accumulate
on the coasts of Gran Canaria.

2. Study the spatial variability of microplastic concentration.

3. Study the possible effect of wastewater discharges on microplastic
contamination.
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2. Material and methods

2.1. Study area

For the selection of study beaches, a number of general characteristics have been
predetermined that the beaches must have:

1- Great capacity to retain marine litter according to its location and orientation.

2- Enough sand on the beach to promote sample collection.

3- Ted presence of sewage discharges nearby, according to the census of
discharges published by the Canary Islands Government (GRAFCAN, 2017).

4- Easy access to the beach.

The objective of these requirements was to compare the accumulation of micro and
mesoplastic on the different beaches and to determine the endogenous or exogenous
origin of the pollution.

Taking into account the aforementioned requirements, 6 beaches were chosen. They
were distributed evenly along the entire coastline of the island of Gran Canaria (Fig.
1):

- Bocabarranco Beach in Galdar.

- Cicer Beach (located in Las Canteras) and La Laja Beach in Las Palmas de
Gran Canaria.

- Cuervitos Beach (Vargas Beach) in Agiiimes

- Del Aguila Beach in San Bartolomé de Tirajana

- Veneguera Beach in Mogan.

Fig. 1 shows that most of these beaches are located along the north and east coasts
of the island.

Previous studies by Baztan et al. (2014) and Herrera et al. (2018a) found that the
predominantly northern (N) and northeastern (NE) directions of wind, waves and
currents cause beaches on north and east coasts to accumulate more marine debris.

For this reason, most of the studied beaches located within the north-east range were
chosen for this study. Leaving the beaches of Veneguera and Del Aguila on the
southern slope of the island to serve as controls (Fig. 1).
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Canary Islands

. Bocabarranco Beach

. Cicer Beach (Las Canteras Beach)
. LaLaja Beach

. Cuervitos Beach (Vargas Beach)
Del Aguila Beach

Veneguera Beach

A
B
C
D
E.
F.

30 km

Google Earth

GEB
Gran Canaria island

Fig. 1. Location of beaches obtained from Google Earth.

To determine the relation between MP accumulation and the sewage outflows, the
wastewater discharges near the sampled beaches were located and characterized from the
Canary  Government  data  published in the GRAFCAN  website
(http://visor.grafcan.es/visorweb/). For this study, the outflows located closer than 5 km
from the beaches were examined. A total of 35 wastewater discharges was studied.

As shown in figs. 2 to 8, each wastewater discharge was identified by a number and
described in a colour according to its administrative status: red, if the wastewater
discharge was not authorized, yellow, if it was in process, and green, if it was authorized.
The point of emission of the discharges is represented by a circle, as shown in the
GRAFCAN website, while the lines are merely descriptive arrows to indicate the identity
of each wastewater discharge.

In addition, in the Annex (Table 6) is shown the difference in the flow rate of wastewater
discharges. These data are relevant for the subsequent analyses of the influence of sewage
discharges in the MP accumulation. Here, we consider Cicer Beach (Fig. 3), Cuervitos
Beach (Fig. 5) and Veneguera Beach (Fig. 8) as control beaches when faced with the
influence of wastewater discharges. These beaches have a low number of wastewater
discharges compared to the rest.
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Fig. 4. Wastewater discharges closer than 5 km from the La Laja Beach.
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Fig. 7. Wastewater discharges closer than 5 km from the Veneguera Beach.
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2.2.  Characteristics of the beaches.

Table 1. describes the main general characteristics of each beach. It gives location,
orientation, anthropological pressure and sediment distribution:

Table 1. General characteristics of the beaches studied.

Bocabarranco Cicer La Laja Cuervitos Del Aguila Veneguera
Location: NW NNE NE E SE SW
Latitude 28°9'29.20"N 28° 7'57.03"N  28°3'24.41"N 27°52'47.49"N 27°46'32.33"N 27°50'48.51"N
Longitude 15°39'55.49"W 15°26'38.23"W 15°25'4.26"W  15°23'25.22"W 15°31'43.68"W 15°47'28.84"W
Direction NNW NW NE NE SSE SW
Anthropogenlc Medium High Medium Low High Low
presure:
Users No Yes No No Yes No
Urban Yes Yes Yes No Yes No
Wastewater Yes Yes Yes Yes Yes Yes
discharges
Cleaning No Yes No No Yes No
Moyth ofa Yes Yes No No No Yes
ravine
Total longitude 240 m 2949 m 1270 m 100 m 430 m 340 m
Intertidal
width in 30m 20m 25m 20m 20m 10 m
sampling area
Sediments: Sand and boulders Sand Sand Sand Sand and boulders Sand and boulders

The anthropogenic pressure on the beaches has been described qualitatively
(low, medium or high) according to the following qualities: number of users,
presence of emissaries within a radius of 5 km and location (within or outside an
urban centre).

Therefore, as shown in Table 1, Cuervitos and Veneguera have low levels of
anthropogenic pressure, while Cicer and Del Aguila have high levels.
Bocabarranco and La Laja showed an average value.

2.3.  Characteristics of the wastewater discharges.

For each wastewater discharge, the characteristics described below have been
analysed on the basis of the technical specifications provided by the GRAFCAN
viewer from the Canary Islands Government:

10
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- Flow rate in m3/hour.

- Nature of the effluent.

- Effluent treatment

- Continuity of the wastewater discharge.
- Distance to the sampling area.

From this analysis, the data obtained are summarised in Table 6 of the Annex.

2.4.  Sampling process.

In the present work, the methodology proposed in the protocol, included that in
Herrera et al. (2018b) were applied, following the guidelines proposed by (Besley
et al., 2017) for the beach sampling protocol:

A 50x50 cm quadrant is placed in the sand, leaving the high tide line with the
plastic debris in the middle of the quadrant, as shown in Fig. 8 (right).

Fig. 8. On the left is a photograph of the sample bag. On the right corresponding to a sample
collected on the beach of Bocabarranco on 2/2/2018, it showed the placement of the quadrant on
the high tide line.

Then, a photo is taken and the sample is collected:

e For the larger fraction (1-25 mm) the surface layer (about 1 cm) of the
sediment was removed with a metal bucket. The sample obtained was
placed in a mesh bag with an opening of 1 mm. The mesh was rinsed so
that the sand was removed, and all organic and inorganic material greater
than 1 mm was retained.

e For the smaller fraction (0.01-1 mm), a sub-sample of 50-100 mL of
sediment was collected with a metal spoon and stored in a sealed container
for further processing.

11
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Three replicates were collected per beach and as much information as possible
is recorded about the state of the beach and the meteorological and oceanographic
conditions observed.

Samples were collected between 1 and 5 February 2018, days coinciding with
the equatorial lowlands. Therefore, the seasonality of the samples would
correspond to winter.

Larger fraction (1-25 mm)

1- Place the sample into a 500 mL beaker. If the sample contains organic material
add 100 mL of 96% ethanol in order to separate plastics from organic debris
by density. The organic material (algae and plant debris) remains on the
surface, while the inorganic material sinks (plastic debris and sediment).

2- If sediment is present, add 100 mL with of NaCl saturated solution (358.9
g/L). The plastic material remains on the surface while the sediment sinks.

The plastic material is removed and deposited in a petri dish.

Note: In step 1, together with the organic material, the plastic material with a
density less than 0.8 g/cm3, such as EPS (Polystyrene (expanded foam)) and XPS
(Polystyrene (extruded foam)) foam, remains floating, in this case remove the
material with a tweezers and deposit it on the Petri dish before disposing of the
ethanol with the organic material.

Smaller fraction (0.01-1 mm)

1- Deposit 50 mL of the sample in a 500 mL beaker, add 200 mL of a NaCl
saturated solution (358.9 g/L).

2- Stir for 20 minutes at 600 rpm and leave to decant for 24 hours.

3- Once the sedimentary material is completely decanted at the bottom of the
beaker, the saturated water is extracted by siphoning.

4- Finally, the water removed is filtered with a polycarbonate filter of 10 um of
pore.

2.5. Quantification and classification of plastic waste.

Once the samples had dried, they were differentiated by type and colour and then
quantified. Among the most common types of plastics in the oceans, we can
distinguish 5 major groups: fragments, fibres, foams, films and micro-pellets (Rezania
etal., 2018).

Larger fraction (1-25 mm)

For the fraction (1-25 mm), as shown in the Fig. 9, two fractions were classified
by size, the larger microplastic (1-5 mm) and the fraction of mesoplastic (5-25
mm). The data were standardized, the concentration of plastics per square metre
(number of items/m?) and per liter of sand (number of items/L) was obtained for
each fraction, and the total percentage of colours and types was determined.

12
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Fig. 9. Photograph of the sample 1-25 mm collected at Cuervitos beach on 1/2/2018. On the left, the
larger microplastic (1-5 mm), and on the right the fraction of mesoplastic (5-25 mm).

Smaller fraction (0.01-1 mm)

The quantification and classification by colours and types was carried out
under a binocular microscope (Leica DMS1000 with integrated CMOS camera).
The data were normalized by concentration of plastics per litre of sand (n° of
items/L) and per square metre (n° of items/m?) and the total percentage of
colours per beach was determined.

Fig. 10. Photograph of red microfiber corresponding to a sample collected at La Laja Beach on
February 1, 2018.

13
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2.6.  Statistical analysis

The data were processed using the Excel and RStudio statistical programs. At each
fraction, an ANOVA Test was performed to determine if there were significant
differences in concentrations between the beaches, and if so, a Tukey’s Test was
performed to determine which beaches had differences between them. Previously, the
statistical conditions that the data met to verify the ANOVA were checked; the
homocedasticity from the Levene Test and the normality of the residues from the
Shapiro-Wilk Test. If one of these conditions was not met, the necessary changes were
made. If all the changes were checked and the conditions were not met, a parametric
test (Kruskal-Wallis Test) was applied to determine whether there were significant
differences in concentrations between the beaches.

In addition, to determine an assumed relationship in the distribution of
concentrations between the three fractions, linear correlations were found.

The data obtained for the 35 wastewater discharges was analysed (table 6, annex).
A descriptive analysis was carried out in order to find statistical relationships between
the concentrations obtained on each beach and the wastewater discharge adjacent to
them, taking into account the following explanatory variables:

- The nature of the effluent.
- The distance of the wastewater discharges to the study area.
- The wastewater discharges flow.

A number of "simplifications" were made beforehand, taking into account the
following exclusion criteria:

- Only continuous wastewater discharges were taken into account.
- Wastewater discharge with a lack of information according to their flow were
discarded.

Subsequently, an analysis of main components was carried out to analyse the
differences between the beaches as a function of the explanatory variables mentioned
above, independently of the concentrations of plastics.

14
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3. Results

3.1.  Spatial variability in micro and mesoplastics accumulation.

The smaller fraction of microplastics (0.01-1 mm) (only micro-fibres) found in La
Laja showed a maximum concentration of 2640 items/m?2. The maximum values for
the larger fraction of microplastics (1-5 mm) and the mesoplastics (5-25 mm) were
found in Cuervitos, reached 1544 items/m? and 256 items/m?, respectively. On the
other hand, Veneguera obtained the minimum values in micro-fibres with a
concentration of 160 items/m? and La Laja in larger microplastics with 32 items/m?,
both beaches obtained the minimum of mesoplastics with 0 items on the samples.

Table 2 shows the mean values (+ standard deviation) obtained at each sampling
location. As is shown, the concentrations of micro and mesoplastics were very
different between the study zones. In general, the replicates showed large differences
in concentration, as can be observed in the high values of the standard deviations.

Table 2. Mean concentrations and standard deviation in items/m? for each fraction in each beach.

Microplastics 0.01-1 mm Microplastics 1-5 mm Mesoplastics 5-25 mm
Standard Standard
Beaches Mean Standard deviation Mean deviation Mean deviation
Bocabarranco 933 395 423 97 33 8
Cicer 1413 533 564 766 16 17
Laja 2000 604 428 638 44 46
Cuervitos 613 244 975 533 148 95
Del Aguila 667 370 133 84 5 2
Veneguera 213 46 65 8 7 6

One of the main objectives was to know the distribution of the concentrations
around the Gran Canarias’s coast and if there were significant differences between
them. As mentioned above in the section on material and methods, to answer this
question, a statistical analysis was performed for each fraction.

15
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3.1.1. Fraction of microplastic 0.01- 1 mm.

- Distribution of concentrations:

Microplastics <1 mm (micro-fibres)

Beaches

' Aguila

‘ Bocabarranco
* Cicer

ES Cuenito

ES Laja

* Yeneguera

. o —
fems/m

2000-

1000 -

Fig. 11. Concentrations of micro-fibres for each beach (items/m?).

- Concentrations statistical analysis:

Analysis of Variance Model p.value = 0.002 < a (0.05)

Statistical analysis showed that there are significant differences of
concentrations between beaches. Then, a Tukey multiple comparisons of means
was done to find which beaches had differences (p value < 0.05):

Table 3. Tukey multiple comparisons of means 95% family-wise confidence level.

Beaches p value
La Laja— Del Aguila 0.017
La Laja - Cuervitos 0.013
La Laja - Veneguera 0.001
Veneguera - Cicer 0.033

16
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3.1.2. Fraction of microplastics 1-5 mm.

- Distribution of concentrations:

Microplastics 1-5 mm

1500 -
Beaches
1000 - * Aguila
. Bocabarranco
. Cicer
. Cuenvito
500 - EH Laia
* . Veneguera
ftems/m? .

Fig. 12. Concentrations of microplastics 1-5 mm for each beach (items/m?).

- Concentrations statistical analysis:

After applying the possible transformations, the data were not normal. Then, a
non-parametric test for this data was done:

Kruskal-Wallis’s Test p.value = 0.118 > « (0.05)

The statistical analysis showed that there were no significant differences
between locations for the 1-5 mm fraction.

3.1.3. Fraction of mesoplastics 5-25 mm.

- Distribution of concentrations:

17



MICROPLASTIC POLLUTION ON GRAN CANARIA ISLAND BEACHES

Mesoplastics 5-25 mm

200- Beaches
* Aguila
ES Bocabarranco
BE cicer

100- ES cuenito

items/m?

' Laja
* ' Veneguera

Fig. 13. Concentrations of mesoplastics for each beach (items/m?).

- Concentrations statistical analysis:

Analysis of Variance Model p.value = 0.008 < a (0.05)

Statistical analysis showed that there were significant differences in
concentrations between beaches. Then, a Tukey multiple comparisons of means
was done to find which beaches had differences (p.value < 0.05):

Tabla 4. Tukey multiple comparisons of means 95% family-wise confidence level.

Beaches p.value
Cuervitos — Del Aguila 0.012
Cuervitos - Cicer 0.033
Cuervitos - Veneguera 0.010

18
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3.1.4 Correlation in the distribution of concentrations among the three
fractions.

There iwas a clear correlation (R? = 0.784) between the distribution of
larger fractions, microplastics (1-5 mm) and mesoplastics (5-25 mm), while
for the smaller fraction of microplastics (0.01-1 mm) (microfibers) there was
no correlation in the distribution of accumulation with the other two fractions

(Fig. 14).
Microplastics <lmm Microplastics =lmm Mesoplastics
4a-04 - - -
LOrr L.arr
Ta0d - 0.259 0.00405
Da=00 -
1500 - . .
.
1000 - A Corr
500 - / 0.784
. L ]
0- - :' *a [
. .
200 -
100 - = . .
L W w
n- - e -
]
100 2000 0 S00 100 1500 0 104 200

Fig. 14. Linear correlation between the average concentrations (items/m?) of the three plastic waste
fractions studied.

3.2.  Composition

For the smaller fraction (microplastics 0.01-1 mm), when analysing the samples,
the only items that were certainly plastic, were the brightly coloured microfibers.
Therefore, in this fraction, only those fibres that present total evidence of being plastic
have been counted, assuming a great underestimation in this fraction.

As shown in Fig. 14 for the larger fractions most of the items were fragments from
another bigger plastic pieces, reaching a 57% in larger microplastics (1-5 mm) and
and 84% in mesoplastics (5-25 mm). Furthermore, were found a high percentage of
resin pellets 14% (left) and of ear swabs 5% (right), these results are relevant to
explain the origin of this marine litter.

19
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Microplastics 1-3 mm [%5] Mesoplastics 5-25 mm [%5]

165 53, 4l
B3 .

272

573
842
m Fragments = Fragments
u EPS/XPS/Foams u EPS/XPS/Foams
= Pellets = Ear swads
Others (Fibres, Lines, Films...) Others (Films, Lines, Cigarette butts. )

Fig. 15. Typology of the total of items sampled for each fraction.

3.3. Colours

For the smaller fraction (0.01-1 mm), we found a large percentage of blue
microfibers with respect to the rest of colours, reaching a 50%. However, for the larger
microplastics (1-5 mm) and mesoplastics (5-25 mm) most of the items were white
(Fig. 15), it is due to the large percentage of EPS/XPE/Foams found (as showed in
the Fig. 14).

20
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Microplastics <1 mm [%0] Microplastics 1-5 mm [%e]
23
0,95
134 23 05 -
1.7
733
= Blue White-gray
Violet-trasparent u Black
= Red-pink = Blue
m Dark = Ambar
Yellow u Green
= Green Yellow and orange

= Red

= Pink and violet

Figure 16. Percentage of colours for each fraction.

Mesoplastics 5-25 mm [%2]

th
ta
—

White-grey
= Black

u Green

= Pink and violet

Yellow and orange

3.4. Characterization of the variables defined for the wastewater discharges.

Based on the criteria mentioned in material and methods section, we chose 18
wastewater discharges to study, the distribution of which is shown in the Fig. 16.
Then, of these 18 waterwaste discharges, 11 were not administratively authorized and
9 had no treatment, 8 had secondary treatment and only 1 had tertiary treatment.

21
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5_
4_
2_
1' | .

Aguila Bocabarranco Cicer Cuenvito Laja Yeneguera
Beaches

Fig. 17. Distribution by beach of the analysed wastewater discharges from which the statistical
analysis was done.

The database obtained is shown in Table 5, the total flow rate (FTot) of all
wastewater discharges related to each beach has been calculated. Based on this,
the proportion that would correspond to each wastewater discharge has been
calculated according to the nature of the effluent; obtaining partial flow rates,
being:

- FBrine: proportion of the flows of wastewater discharge of brine in m3/hour.

Brine Flow rate of brine wastewater discharge

FTot

FBrine =

- FUrbW: proportion of the flows of wastewater discharge of urban wastewater
in m3/hour.
UrbW Flow rate of urban wastewater discharge

FTot

FUrbW =

- FIndW: proportion of the flows of wastewater discharge of industrial
wastewater in m3/hour.

mdW Flow rate of industrial wastewater discharge

FlndW =
n FTot
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- FTot: total flow rate in m3/hour.
FTot = Z FBrine + FUrbW + FiIndW

In addition, the average distance of the set of wastewater discharges in each
beach was calculated, being:

- DBrine: average distance of wastewater discharge of brine in Km.

- DUrbW: average distance of wastewater discharge of urban wastewater in
Km.

- DIndW: average distance of wastewater discharge of industrial wastewater in
Km.

Table 5. The database obtained for the characterization of the variables defined for the wastewater
discharge for each beach.

Beach FBrine DBrine FUrbw DUrbw FIndw DIindW FTot
Bocabarranco 0.25 2.32 0.75 0.18 0 0 1327.14
Bocabarranco 0.25 2.32 0.75 0.18 0 0 1327.14
Bocabarranco 0.25 2.32 0.75 0.18 0 0 1327.14
Cicer 0 0 1 3.60 0 0 23.50
Cicer 0 0 1 3.60 0 0 23.50
Cicer 0 0 1 3.60 0 0 23.50

La Laja 0.11 2.53 0.09 3.50 0.87 1.60 28300.30
La Laja 0.11 2.53 0.09 3.50 0.87 1.60 28300.30
La Laja 0.11 2.53 0.09 3.50 0.87 1.60 28300.30
Cuervitos 0 0 1 5.40 1 5.40 355
Cuervitos 0 0 1 5.40 1 5.40 355
Cuervitos 0 0 1 5.40 1 5.40 355

Del Aguila 0.79 2.09 0.36 2.49 0 0 1398

Del Aguila 0.79 2.09 0.36 2.49 0 0 1398

Del Aguila 0.79 2.09 0.36 2.49 0 0 1398
Veneguera 0.15 5.60 0.85 4.30 0 0 75.3
Veneguera 0.15 5.60 0.85 4.30 0 0 75.3
Veneguera 0.15 5.60 0.85 4.30 0 0 75.3

To carry out the Principal Component Analysis, the first thing that was done was to
centralize and scale the explanatory components (flow rate, distance and nature of the
wastewater discharges) because their values are very variable.

As can be seen in the following graph (Fig. 17), the beaches also differ according to
the explanatory variables mentioned above. In the case of La Laja, it is characterized by
obtaining the highest values for FTot (total flow rate) and FIndW (industrial waterwaste
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discharge flow rate) and Bocabarranco for having the highest value for FBrine (brine
water discharge flow rate).
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Fig. 18. Graph representing the importance by components (explanatory variables named) as a
function of the standardized variance.
4. Discussion

This study is new in terms of the objectives it addresses. On the one hand, it is
the first time that the variation of micro and mesoplastic accumulation around all
the coastal slopes of Gran Canaria has been monitored, and in addition, it is the

first time that the amount of microplastics in the 0.01-1 mm fraction, accumulated
on Canarian beaches, has been investigated.

For the largest fraction of plastics (1-5 mm and mesoplastics), both the
concentrations found and the typology of the residues found were similar to the
main groups of plastic residues recorded in several studies carried out all over the
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world (Rezania et al., 2018) and in the Canary Islands (Baztan et al., 2014;
Herrera et al., 2018a). As we commented previously in Fig. 15, most of the items
found for these fractions (microplastics 1-5 mm and mesoplastics) were fragments
from larger plastic pieces, obtaining a percentage of 84% in mesoplastics, while
in microplastics (1-5 mm) they were 57%. The second most frequently found
group was that of EPS and XPS, reaching a high percentage of 27% in
microplastics (1-5 mm) while in mesoplastics it was 6%. The study by Eriksen et
al. (2014) found that most of the floating macroplastic in the oceans was
polytyrene foam and abandoned fishing buoys, which would explain the very high
values found for this group. In addition, this would explain why most of the
residues for both fractions were white or greyish in colour, which is characteristic
of EPS and XPS (see Fig. 16).

On the other hand, in the larger fraction of microplastics (1-5 mm) there was a
high percentage of resin pellets, almost 14% of total waste. As described by
Herrera et al. (2018a), there is no plastics industry in the Canary Islands that uses
these transparent spheres, therefore, it could be concluded from these results that
the Canary Islands are receiving a large amount of exogenous pollution through
the Canary Current (Van Sebille et al., 2012)

The accumulation patterns in fractions larger than 1 mm, showed that the
beaches located on the northern and northwestern slopes, Bocabarranco, Cicer, La
Laja and Cuervitos, present the highest average concentrations, while the beaches
located on the southern slope, Del Aguila and Veneguera, present the lowest
concentrations (see table 2). These results coincide with those obtained in the
studies carried out by Baztan et al. (2014) and Herrera et al. (2018a) in which it
was concluded that the quantity and distribution of these fractions in the Canary
Islands is determined by the predominant wind and wave directions (North and
Northeast) and the Canary Current (Northeast).

The statistical analysis verifies that in the concentrations of mesoplastics there
are significant differences between the beaches (p.value < 0.05), specifically,
between Cuervitos and the beaches proposed as control (Veneguera and Del
Aguila), which supports the hypothesis raised about the exogenous origin of these
wastes.

However, in the statistical analysis for the larger fraction of microplastics (1-5
mm) it is obtained that there are no significant differences between the beaches
(p.value > 0.05). This result does not correspond to the hypothesis of an
exogenous origin, since no differences are observed in the concentrations found
on the beaches located on the north/northeast slope with respect to those located
on the southern slope. In this case, it is likely that the low number of replicates
and the great variability between them does not allow for differences to be
observed, for which purpose a more frequent study of the sampling should be
considered, and the number of replicates should be increased.
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A comparison of the bloxplot graphs for these fractions in Figs. 12 and 13 shows
a clear correlation in the distribution of concentrations. This deduction is checked
in Fig. 14, in which it is verified that this linear correlation exists (R?= 0.784).
Therefore, the hypothesis that the largest fraction of microplastics and
mesoplastics tends to accumulate on the Canary Islands coasts following the same
pattern should be proposed, probably due to their similarity in morphology.

However, for the smaller fraction of microplastics (0.01-1 mm), microfibers, the
distribution pattern in the accumulation of microplastics on the beaches differs
greatly from the other two fractions (microplastics 1-5 mm and mesoplastics) (see
Figs. 11, 12 and 13.

For microfibers, the highest average concentrations were observed in La Laja
(2000 + 604 items/m?), Bocabarranco (993 + 395 items/m?) and Cicer (1413 *
533 items/m?), a fact that is noteworthy, since, as mentioned above, the beach that
obtained the highest accumulation values for the other two fractions was
Cuervitos (see table 2).

In Fig. 14, it is observed that microfibers do not have an accumulation tendency
similar to the other two fractions; obtaining very low correlations (R?= 0.259 with
microplastics >1mm and R?= 0.004 with mesoplastics).

This difference in concentration distribution raises the idea that microfibers tend
to accumulate differently from larger plastics. The cause of this could be explained
by several hypotheses depending on its origin.

As hypothesis 1, if it were assumed that microfibers have an exogenous origin,
it could be assumed that they are being transported in the open ocean in a different
way from the rest of the plastic waste.

As hypothesis 2, assuming that the microfibers have an endogenous origin in
the islands, it could be deduced that they are being dumped into the sea via ravines
and/or via wastewater discharges and/or are being accumulated on the beaches
due to the users of these.

Statistical analysis shows that the number of microfibers also shows significant
differences between beaches (p.value < 0.05). In this case, in La Laja there are
differences with respect to Del Aguila and Veneguera; and Cicer with Veneguera.
With these results, hypothesis 1 could be assumed.

However, La Laja also has differences with Cuervitos, an interesting result
given that both have the same orientation and location, as mentioned above,
Cuervitos obtains higher concentrations for both microplastics 1-5 mm and
mesoplastics. This result indicates that there is a hitherto uncertain variable that
would explain the distribution of microfiber accumulation. This could be
explained by hypothesis 2, where the entry of microfibers into beaches due to
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anthropogenic pressure, such as the number of users, ravines and wastewater
discharges, has to be taken into account.

If we take table 1 again, we can see that La Laja is not located at the mouth of a
ravine and does not have a high level of users. Therefore, we could hypothesize
that the high value of microfibers found on this beach could be related to the
emission of microfibers via wastewater discharges.

As commented in the introduction, there are many investigations that
corroborate this fact in different parts of the world (Prata, 2018), insisting that the
quantity of microfibers emitted into the marine environment is directly related to
the flow of the emissary and that the most frequent colour of the microfibers is
blue followed by transparent and black (Gago et al., 2018), as has been found in
the present work (see Fig. 16).

In a descriptive way, if we analyse Fig. 18, we can observe a clear difference
between the beaches according to the number of emissaries related to them and
their characteristics. La Laja has the higher total flow influenced by large
industrial wastewater. While Bocabarranco would be characterized by the
influence of the higher flow of brine wastewater.

Given the lack of periodic sampling to complement the data found, both in
sediments and in the outlets of these wastewater discharges, it has not been
possible to generate a statistical model that verifies that the distribution of
microfibers on the island is mainly due to the influence of wastewater discharges.
However, the fact that the beach with the highest concentrations of microfibers
obtains the highest total flow value and is, with Del Aguila, one of the beaches
with the highest density of emissaries, could be a hypothesis that explains the
distribution of the accumulation of microfibers from endogenous contamination,
mainly influenced by wastewater discharges.

5. Conclussion

1-

The typology and colours of the three plastic waste fractions studied
(microplastics 0.01-1 mm, microplastics 1-5 mm and mesoplastics) were similar
to found in previous studies in the Canary Islands and all over the world.

The exogenus origin of plastic residues (1-25 mm) was confirmed due to the
presence of high amount of resin pellets.

Maximum mean concentrations of 2000 + 604 items/m? were found for
microplastics 0.01-1 (microfibers), 975 + 533 items/m? for microplastics 1-5 mm
and 148 + 95 items/m? for mesoplastics.

The distribution of the concentrations for the larger fractions (microplastic 1-5
mm and mesoplastic) are influenced by the predominant directions of wind, waves
and current. There were higher concentrations on the north/northeast slopes.
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5- The smaller fraction of microplastics 0.01-1 mm (microfibers) obtained a different
distribution pattern than the other two fractions (microplastic 1-5 mm and
mesoplastic), suggesting a possible endogenous contamination from wastewater
discharges.

6- Future studies are needed to corroborate if the microfiber’s contamination is
locally produced, and it is related to wastewater discharges.
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Annex

Table 6. Characteristics analysed for the 35 outfalls studied related to each sampling area with a radius

of 5 km.
Beach Id. Character Continuity Authorized Effluent Distance Ef';‘e”t
traetment (m?/h)
Bocabarranco 1 ~ Water Brine  Regular No No 2.9 8.34
Urban No
Bocabarranco 2 Wastewater Irregular No No 1.8 Information
Bocabarranco 3 Urban Regular No 2 0.18 993
Wastewater
Bocabarranco 4  Water Brine  Regular No No 0.9 10.8
Bocabarranco 5  Water Brine  Regular No No 1.3 No .
Information
Bocabarranco 6  Water Brine  Regular Yes No 3.5 315
. Urban
Cicer 1 Wastewater Regular No 2 3.6 23.5
. Urban No
Cicer 2 Wastewater Irregular No Deshaste 3.5 Information
. Urban No
Cicer 3 Wastewater Irregular No No 0.2 Information
. Urban
La Laja 1 Wastewater Regular No 2 4.5 540
. Urban No
La Laja 2 Wastewater Irregular Yes Desbaste 3.8 Information
. Urban No
La Laja 3 Wastewater Irregular No Desbaste 1.8 Information
. Industrial
La Laja 4 Wastewater Regular Yes No 1.6 24574.3
La Laja 5  Water Brine  Regular No No 1.6 1050
Brine Water
La Laja 6 + Urban Regular Yes 2 1.6 2000
Wastewater
La Laja 7  Water brine  Regular Yes No 2 No .
Information
. Industrial
La Laja 8 Wastewater Irregular Yes No 2 0.36
. Urban No
LaLaja 9 Wastewater Irregular No No 36 Information
. Urban No
La Laja 10 Wastewater Irregular No Desbaste 4.4 Information
Brine Water
La Laja 11  + Urban Regular Yes 2 44 136
Wastewater
. Urban No
Cuervitos 1 Wastewater Irregular No Desbaste 3.5 Information
Brine Water
+
Cuervitos 2 Urban&Indus Regular Yes 2 5.4 355
trial
Wastewater
) Brine Water
Del Aguila 1  +Urban Regular Yes 2 0.86 204
Wastewater
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P Urban No
Del Aguila 2 Wastewater Irregular No No 0 Information
Ao Urban No
Del Aguila 3 Wastewater Irregular No No 0.4 Information
- Urban No
Del Aguila 4 Wastewater Irregular No No 1 Information
Del Aguila 5  Water brine  Regular No No 2.6 600
Del Aguila 6  Water brine  Regular No No 2.8 300
- Pool No
Del Aguila 7 Wastewater Irregular No No 3.2 Information
P Urban
Del Aguila 8 Wastewater Regular Yes 2 3.2 147
P Urban
Del Aguila 9 Wastewater Regular No 3 34 147
P Urban No
Del Aguila 10 Wastewater Irregular No No 44 Information
Veneguera 1 Urban Regular No 2 4.3 64.3
Wastewater ' '
Urban
Veneguera 2 \Wastewater Irregular No 2 55 203.62
Veneguera 3  Water brine  Regular No No 5.6 11
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Descripcion detallada de las actividades desarrolladas durante la
realizacion del TFT

- Planificacién. Una vez aclarado el tema de mi trabajo de investigacion, durante
la primera semana se realizaron una serie de sesiones para planificar las
actividades a realizar y su respectiva temporalizacion.

- Tareas de investigacion sobre el procedimiento de procesado, muestreo,
clasificacion y cuantificacion de residuos marinos plésticos. Durante 3 semanas
se me comendo realizar una basqueda de informacion bibliografica acerca del
tema, teniendo en cuenta tanto articulos cientificos como normativas nacionales e
internacionales.

- Planificacion y Muestreo de fraccion mayor y menor de Microplasticos y
Mesoplasticos en playas.

Una vez estudiada la metodologia de muestreo, se realiz6 un muestreo de prueba
en el cual adquiri los conocimientos necesarios para realizar eficientemente los
muestreos de cara a mi trabajo de investigacion.

Entre el 1 y el 5 de febrero de 2018, se muestrearon las playas estudiadas en el
TFT: Playa Bocabarranco, Playa Cicer, Playa La Laja, Playa Cuervitos, Playa Del
Aguila y Playa Veneguera.

- Procesado de muestras de playa de Mesoplasticos y Microplésticos (ambas
fracciones). Con las muestras obtenidas durante el muestreo, realicé durante una
semana practicas en el laboratorio relacionadas con el procesado de las diferentes
fracciones de residuos (con las muestras de prueba). Posteriormente, dedicaria
durante los siguientes meses (alrededor de 2 meses) esta tarea a diario para la
obtencion de mis datos en mi trabajo de investigacion.

A partir de mis anotaciones a la hora de la realizacion repetida de esta tarea,
pudimos darnos cuenta de ciertas mejoras que implementamos en un protocolo:

“Herrera, A.; Martinez, I.; Gomez, M.; Rapp J.; Alvarez, S.;Gestoso, L; Canning-Clode,
J. 2018. Muestreo y procesamiento de muestras de micro y mesoplasticos recogidas en
playas. Universidad de Las Palmas de Gran Canaria, Agéncia regional para o
desenvolvimento da investigacdo, tecnologia e inovagdo. Informe preparado como
parte del proyecto PLASMAR (co-financiado por fondos FEDER como parte de
POMAC 2014-2020).14pp.”

- Cuantificacion y clasificacion de muestras de playa de Mesoplésticos y
Microplasticos (ambas fracciones). De la misma manera que el procesado de las
muestras obtenidas durante el muestreo, realicé durante una semana practicas en
el laboratorio relacionadas con la cuantificacion y clasificado de las diferentes
fracciones de residuos (muestras de prueba). Posteriormente, dedicaria durante los
siguientes meses esta tarea a diario para la obtencion de mis datos en mi trabajo
de investigacion.

- Redaccidn del trabajo escrito. Una vez obtenidos los resultados, dediqué dos
semanas al procesado de los datos y un mes a la redaccion del trabajo escrito.
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Formacion recibida (cursos, programas informaticos, etc.)

A lo largo del transcurso de las practicas asisti a varias charlas relacionadas con
mi tema de practicas, entre ellas, las ponencias realizadas durante el Simposio
Internacional de Vigo. Por otro lado, he aprendido a manejar una Lupa Leica con
camara incorporada para la identificacion, clasificacion y cuantificacion de las
fracciones mas pequefias de Microplasticos. Ademas, he tenido la posibilidad de
afianzar mis conocimientos en ciertos programas estadisticos, tales como el Excel
y el R Studio.

Nivel de integracion e implicacion dentro del departamento y relaciones con
el personal.

Mi nivel de integracion e implicacién en el trabajo de investigacion se vio
favorecido por la actitud de mis tutores y comparieros de laboratorio con
respecto a mi. He tenido la gran suerte de obtener una gran relacion con todos
ellos ya que desde el primer momento me han tratado como uno mas y me han
ayudado en todo lo posible. A todo ello les estoy muy agradecido, y por tanto mi
nivel de implicacion en las actividades realizadas ha sido la mejor posible por mi
parte.

Aspectos positivos y negativos mas significativos relacionados con el
desarrollo del TFT

Tal y como he comentado anteriormente, uno de los aspecto mas positivos y
destacables de mi dedicacion al TFT, es la posibilidad de integrarme tan bien
dentro de un grupo de investigacion. Tener la posibilidad de vivir dicho mundo
desde dentro de un grupo de investigacion y con tan buenas condiciones ha
moldeado mi perspectiva sobre mi futuro y mis capacidades. Dicho de otro modo,
me ha animado a seguir con mi camino unidireccional hacia la investigacion.

Valoracion personal del aprendizaje conseguido a lo largo del TFT.

La realizacion del TFT ha supuesto para mi una mejora en mis competencias
técnicas con respecto al trabajo en laboratorio, asi como en mis habilidades de
comunicacion oral y escrita, autonomia, sentido de la responsabilidad e
implicacion personal con respecto al cumplimiento de determinados plazos
(referidos a fechas de muestreo y procesado) y a un horario. Ademas he tenido la
oportunidad de mejorar mi capacidad de trabajo en equipo, ya que la colaboracién
entre diferentes investigadores es prescindible para la obtencion de buenos
resultados. Por otro lado, academicamente hablando, esta experiencia ha supuesto
para mi la oportunidad de aprender y repasar ciertas nociones referidas a la
ecologia, fisiologia y contaminacién marina y a la oceanografia.
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