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ABSTRACT

En este proyecto se ha estudiado la presencia de micropldsticos en el interior de
erizos de mar Diadema africanum, recogidos en Tenerife, Canarias. Estos micropldsticos
eran mayormente microfibras tanto transparentes como opacas con anchuras tipicas de
5-10 um. El objetivo era la identificacion de la composicion de un minimo de un 10% del
total de las variadas microfibras encontradas en el tracto digestivo/intestinal y gonadas
de los erizos recogidos y analizados por el equipo de investigacion de quimica del Dr.
Javier Borges (ULL). Para lograr nuestra meta, usamos un equipo comercial de micro-
Raman, el sistema Renishaw InVia micro-Raman (de ahora en adelante uRaman). Para
poder obtener resultados satisfactorios, se desarrollé un protocolo de trabajo: (1) una
unica configuracion de medida optimizada para todas las microfibras, (2) un mismo
protocolo de tratamiento de espectros (sustraccion de lineas base), y (3) la correlacion
espectral con bases de datos ya existentes comerciales, asi como con una base de
espectros propia, realizada mediante el mismo instrumento de medida y materiales
pldsticos industriales estdndar. Se asignaron como identificaciones positivas aquellas en
las que el coeficiente de correlacion Pearson R fuese igual o superior a 0.7 (R2 > 0.49).
Finalmente, tras el andlisis espectral de 91 microfibras, 37 de ellas pudieron ser
identificadas composicionalmente, i.e. un ~40%. De entre las identificadas, encontramos
que un 47% de las fibras eran celulosa, un 24.3% de polipropileno (PP) y otro 24.3% de
polietilentereftalato, comunmente llamado poliéster (PET). Ademds, se encontraron dos
copolimeros muy diferentes, una microfibra de cada tipo, poli(dimethylsiloxane-co-
alkylmethylsiloxane) y poly(1,4-cyclohexanedimethylene terephthalate-co-ethylene
terephthalate). Esta es la primera vez que se demuestra la presencia de micropldsticos
en erizos de mar en la region Macaronésica y también en Espafia.

In this project we studied the presence of microplastics inside Diadema
africanum sea urchins collected in Tenerife, Canary Islands. Our goal was to be able to
identify the composition of a minimum of a 10% of the total amount of microplastics
found inside digestive/intestinal tracts and gonads by the professor Javier Borges’
analytical chemistry research group. To achieve our goal, we used a micro-Raman
spectrograph, the Renishaw InVia micro-Raman (uRaman) system. To do it so, we
compared the spectra obtained when analysing the fibers with two different plastic
spectra libraries (one of them was made by us using the spectrograph), having then a
positive identification when the Pearson Correlation R between spectra was higher or
equal to a R=0.7 (R2=0.49). To make these correlations the Wire 4.0 software was used.
The Raman analysis showed that cellulosic were a 47% (17 out of 37) of the identified
fibers, PP a 24.3% and PET a 24.3%. Also, two copolymers were found, one fibre of each,
poly(dimethylsiloxane-co-alkylmethylsiloxane) and poly(1,4-cyclohexanedimethylene



terephthalate-co-ethylene terephthalate). This is the first time the presence of
microplastic is confirmed in sea urchin in the Macaronesia region and in Spain.

INTRODUCTION

El uso creciente y desmesurado de los pldsticos en la sociedad, y su deficiente
gestion tras su uso, ha llevado a la aparicion de estos en el entorno natural, provocando
una contaminacion de la amplia mayoria de los ecosistemas. Entre los mds afectados se
encuentra el medio ocednico, donde la presencia de micropldsticos ha sido demostrada
en diversos estudios, llegando a formar parte de la cadena alimenticia de la fauna
marina, provocando por ello un enorme problema medioambiental, que afecta no solo a
esta poblacion, sino también al ser humano. Es por ello por lo que desde la comunidad
cientifica se esta realizando un estudio intensivo de la presencia de micropldsticos en
diferentes especies, y este es el dmbito en el que este proyecto ha sido realizado.

En este trabajo hemos analizado la presencia de fibras en el sistema
digestivo/intestinal y en las génadas de Erizos de Mar, Diadema africanum, recogidos en
la isla de Tenerife, Canarias, Espafia, por el grupo del Dr. Javier Borges (ULL). Los puntos
de recogida de estos especimenes fueron Playa Grande y Tajao, zonas donde debido a
las mareas se acumulan de forma regular los residuos.
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Figure 1.- Location of the two sea urchin sampling locations in Tenerife (Canary Islands, Spain).

Source: Marta Sevillano -Gonzélez et al (2021, p.6)

The increasing and boundless use of plastics in society and its deficient
management, has led to the presence of them in the natural environment, causing the
contamination of most of the ecosystems. Among the most affected ones we found the
oceanic, where the presence of microplastics has been found in several studies, reaching



the point when they have become part of the food chain of the marine wildlife, causing
a huge environmental problem, that affects not only this population, but also humans.
The scientific community is making an intense study of the effect and presence of this
pollutants in marine animals, and this is the scope we are making the project in.

In this work we analysed the presence of fibers in the digestive/intestinal tract
and gonads in Diadema africanum sea urchins, collected in Tenerife, Canary Islands, by
Dr Javier Borges’ group (Universidad de La Laguna). The two sample points were the
specimens where collected were Playa Grande and Tajao, areas where, due to the tides,
wastes accumulate regularly. Diadema africanum is the most common species in Canary
Islands, next to Paracentrotus lividus, and can be found around all the Atlantic coastline,
at depths between 1-80 m.

Table 1.- Data of the sampling dates and locations, and number of samples.

Tajao El Poris
Municipality Arico Arico
Sampling date October 2020 January 2021
Coordinates (28°6°47.15°N; (28°9°12.59°N;
16°27°48.49°°0) 16°25°45.63°°0)
Depth 7-11m 7-11m
Number of 13 20
samples

Source: Marta Sevillano -Gonzélez et al (2021, p.6)

Sea urchins are invertebrates that roam through the sea bottom feeding mainly on the
seaweed located on the seafloor and on the surfaces located in it. The microplastic’s
study has been made on few occasions, without any evidence that it has been made in
this specific species, which sometimes is part of human alimentation, so it is of interest
to determine the abundance of these pollutants in its interior.

These specimens in particular were collected by a diving team in October 2020 (in Tajao,
Tenerife) and in January 2021 (Playa Grande, El Poris, Tenerife), at a depth of about 7-
11 m. After being studied and treated by Javier Borges' analytical chemistry group, they
were sent to the physics department optical spectroscopy laboratory for analysis
through pRaman microspectroscopy.
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Figure 2. Diagram of the process for obtaining and analysing microplastics fibers inside sea urchins Diadema
africanum

Regarding the ingestion of micro and nano plastics by sea urchins, there are several
studies that try to understand the effects that this process produces at the embryonic,
larval, and adult levels (Bergami et al., 2019; Messinetti et al. ., 2018; Murano et al.,
2020; Nobre et al., 2015; Oliviero et al., 2019; Porter et al., 2019).

In recent work carried out by Murano (Murano et al., 2020), it was discovered that the
consumption and distribution of fluorescently labelled polystyrene (PS) microbeads (10-
45 um) by Mediterranean Sea urchins had an effect on the digestive and vascular water
system, as well as on the gonads, producing an indicator of stress on circulating immune
cells.

Della Torre et al. (Della Torre et al., 2014) also investigated the disposition and toxicity
of PS nanoparticles, using these nano plastics with two different surface charges in the
early development of Paracentrotus lividus sea urchin embryos, finding that such
differences in surface charges and aggregation in seawater strongly affect its
embryotoxicity”

* Ability of a substance to produce toxic effects in progeny during the first period of pregnancy, from conception to
the foetal state. These effects can include malformations, dysfunctions, growth disturbances, prenatal death, and
altered postnatal functions.



In addition to these effects, it has also been reported that sea urchins such as
Paracentrotus lividus are able to easily feed on a plastic surface (especially the bi-
embedded one), generating micro plastics (Porter et al., 2019). This biodegradable
behaviour of plastics makes PM bioavailable to a much larger number of species.

OBJECTIVES

El principal objetivo de este trabajo fue la identificacion positiva de mds de un 10%
de las microfibras encontradas en el interior de los erizos. Este 10% se considera
representativo a efectos globales. Esto se debe a que este trabajo estd asociado a la
realizacion de una investigacion cientifica en la que se pretende demostrar, caracterizar
y cuantificar la presencia de micropldsticos en el interior de los erizos, y por ello habia
que al menos alcanzar este objetivo de identificar positivamente al menos un 10%,
siendo este minimo algo aceptado por la comunidad cientifica internacional que trabaja
en micropldsticos en el medio ambiente.

Al margen de este objetivo cientifico principal, a lo largo de la realizacion del trabajo
se fueron proponiendo los siguientes objetivos académicos:

o Understanding of the theory of the Raman Effect.
o Learning the basic principles of how the Raman Spectrograph works.
o Creation of a Microplastics Raman Spectrums Library with our own equipment.

This was helpful, giving that the library that we were using was made with a
different spectrograph and lasers to that of commercial databases, making the
spectrums of the plastics significantly different to what we were measuring.
Using the exact same conditions to create our own spectra library, and then
make the identifications gave us a much better reliability and present us the
chance of adding some spectra that were not included in the given one.

o ldentification of a 10% of the total amount of microplastic fibers found inside
the sea urchins.

Regarding the project it was involved in, there was some criteria that had to be
matched for the work to be able to be published as a paper in a peer reviewed
international scientific journal.



According to the Guidance of Marine Litter in European Seas of the European
Commission, formal identification of the polymer composition is not so critical
for larger particles (> 500 um) while a proportion of 5-10 % of all samples < 100
pum should be routinely checked. Despite most of the particles had a length
higher than 500 um (but widths of around 10 um), we have also considered such
threshold of 10 % as a reference (Galgani et al., 2013).

So, being the total amount of fibers retrieved from sea urchins of 320, taking
those criteria as our reference and to match our objective, we had to successfully
identify the composition of, at least, 32 microfibers. The criteria used for a
positive evaluation was having a Pearson Correlation R=0.7 (R?=0.49) or higher,
with at least one of the spectrums of our two different libraries of microplastics.

METHODOLOGY

En esta seccion se describen los fundamentos tedricos en los que se basa la
microscopia Raman, asi como el funcionamiento del espectrometro (sistema Renishaw
InVia micro-Raman). Ademds, se explica de manera resumida como se llevé a cabo la
obtencion de las muestras. También se detalla el método seguido para la comprobacion
de que la resolucion espacial del sistema confocal del equipo es menor a la anchura de
las microfibras medidas, para corroborar que la sefial obtenida proviene principalmente
de las microparticulas y no de su entorno.

incident light scattered light

/---Raman-scattered light ( new wavelength)

Figure 3. Visual representation of the scattered photons



Raman effect

The Raman effect was discovered in 1928 by Sir C.V. Raman, which awarded him
the Nobel prize in Physics in 1930. When optical radiation interacts with molecules, a
fundamental scattering effect will occur that consists of a new electromagnetic wave
with the same frequency as those of the incident irradiation, because they are elastic
scattered. This effect is known as Rayleigh Scattering, and may change the direction of
the incident radiation, but not its frequency. However, a secondary scattering process
will also take place, in which a small proportion of only a 0.0001% of the total incoming
photons will scatter from the sample with a slightly changed energy, where the
difference in energy will correspond to that of an absorbed or emitted lattice phonon.
This inelastic scattering process will therefore give the lattice vibrational fingerprint of
the scattering material, and the effect is called Raman scattering.

In the following we will introduce the fundamental theory of Raman scattering from the
classical electrodynamical view, that is, based on the vibrational modulation of the
molecular polarizability of a material. To fully describe theoretically all the features of a
measured Raman spectrum (bands, relative intensities of different phonons, and so on),
guantum mechanics theory is required; however, for the purpose and within the
framework of this multidisciplinary experimental work, we will restrict this explanation
on why Raman allows to identify materials, to the introductory view that the classical
theory of Raman Scattering gives.

Classical Electrodynamic Theory of the Raman Scattering Effect.

If an electromagnetic wave (i.e. light) interacts with a molecule, it will produce an

-

induced dipole moment P. Since the incoming field is oscillating, its interaction with the
molecule will produce an oscillating dipole moment which will emit radiation. This
radiation is classically called light scattering. The basis of the induced oscillating dipole
moment is the polarizability &, and as we will show in the following, the dependence of
this polarizability on the possible vibrational modes of the material lattice or molecule,
will give rise to the different Raman scattering spectra of different materials.

The induced dipole moment is the product of the polarizability tensor and the electric
field. The molecular polarizability can be described as the ease with which the electron
density distribution can be distorted by the electric field of the incoming optical beam.
Since both the electric field and the induced dipole moment are vectors with three
spatial components, we will describe the polarizability here as a second rank tensor with
nine components.

P =aE
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Supposing an incoming monochromatic oscillating electric field, a visible or near-IR laser
for example at frequency v, which interacts with the material, it will induce an oscillating
molecular dipole moment, that emits radiation, and therefore, a new light wave. The
temporal behaviour of the two waves can be written in a simple manner as:

E = Eycos (2mut)
P = aE,cos (2mvut)

The polarizability @ of the molecule can be described as a Taylor expansion that includes
the static polarizability of the molecule «,, in addition to components considering small
vibrational displacements along a normal vibrational coordinate of the motion of the
atoms of the molecule, Q. This vibrational coordinate Q will also vary approximately as
a sinusoidal function, but with a much smaller frequency than that of the
electromagnetic wave, that is, at a characteristic vibrational frequency of the molecule

Uypip-
Static or Equilibrium Polarizability

o« =a +;’_gQ o Q = Qocos (2muypt)

Maximum value of Qg
Q is a normal vibrational coordinate

Vibrational Modulation of Molecular Polarizability

Applying these equations, we obtain:

Ja
P = ayEycos (2rut) + @QOEO (cos (2rvt))(cos(2mvypt))

1
cosA - cosB = E{cos(A — B) +cos (A+ B)}

Rayleigh Scattering

da QoEy
P = ayEycos (2nut) + @ > [cos(2m(v — vyip)t) + cos(2r(v + vyp)t)]
Stokes Raman Scattering Anti-Stokes Raman Scattering
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As we can see, after the mathematical manipulation, we obtain the Rayleigh effect,
which we mentioned previously, and two kinds of Raman scattered waves, the Stokes
Raman Scattering, and the Anti-Stokes Raman Scattering, being their only difference
that in the first case, the vibrational frequency of the lattice phonon subtracts energy to
the scattered photon (longer wavelength), and the other one adds this phonon energy
(shorter wavelength).

Studying the phonon modes associated with the different vibrational modes of a given
material, allows us to understand the lattice vibrational properties of a material. We can
therefore use them to get information on the type of structure, composition, and
therefore, the vibrational properties of the molecule.

For example, when analysing Raman spectra composed of different peaks, with the
changes in the energy (frequency at which a phonon peak is observed) and linewidth
(full width at half maximum of the peak, FWHM), or their relative intensities, we can
measure the lattice state, in the form of many parameters, such as the local variations
in density of our sample, its composition, the molecular rearrangements, etc.

Another use of Raman Spectra is as a fingerprint of some material, that allows us to
identify an unknown material or its composition. This is precisely what we use to
determine what kind of microplastic is each microfiber found under the microscope. This
is possible given that each material will have spectral peaks associated with its phonons
located at certain wavelengths, and different peak intensities and linewidths for each
one, making the set of peaks unique to each material composition and lattice structural
arrangement.

Raman Spectrograph

In this chapter we briefly describe the working principle of our pRaman
spectrometer, the Renishaw.

A sketch of the optical and mechanical setup is shown here (adapted from Renishaw
documentation):

11
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Figure 4. Sketch of the Renishaw InVia pRaman system

We can divide our device in six different parts.

1. Excitation laser

It is the source of light that led to the generation of the Raman Effect. It must be
a single wavelength source for us to be able to know when the light gets its
wavelength modified. In our case, the laser is exactly at 785 nm, so after the
sample exposure to the light, the photons are going to be scattered at a slightly
higher or lower wavelength, depending on the kind of Raman Spectra that we
are watching. Of course, there will be also a much higher number of Rayleigh’
scattered photons, but thanks to some filters, we can observe the Raman
Scattering without the Rayleigh contribution.

12
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Figure 5. Photo of the spectrometer laser.

Mirror’s system

It is the system that “guides” the free space laser beam through the full
instrument. First it leads the light from the laser to the optical microscope, where
the photons are back-scattered after the interaction with the sample. After that,
the scattered photons are guided through mirrors, lenses, and the filters, and
finally into the spectrometer where different wavelengths are spatially dispersed
and directed to a CCD pixel 2D array.

Optical microscope

The optical microscope has different objectives, in order to achieve different
levels of optical resolution, as well as image magnification. When searching for
fibres in the sample, a 5X Leica objective is used, due to its larger field of view,
which allows us to visually localize the presence of micro-plastics in the very large
samples. After the localization of the fibre, we switch to a 50X Leica (NA=0.75)
to achieve a spatial resolution of around 0.6 pum, using the criterium of the radius
of the Airy central disc: r=0.61A/NA, as minimal feature size to discern. However,
the real resolution of the full confocal micro-spectrograph, is not the same as
that of the microscope. Later we discuss on the spatial resolution, by performing
a linear scanning experiment across a micro-fibre.

13



Figure 6. System lens focused on sample

Filters

Long pass filters are used, which allow only light with longer wavelength than
785 nm to pass to the spectrograph section.

Spectrometer

The spectrometer section has some optical elements which direct light onto a
reflection grating of 1200 lines/mm, which disperses the light. The dispersed
light is reflected towards a CCD array, where the area of pixels to be used can be
digitally selected, allowing to control the spatial resolution of the measurement,
as well as the spectral section to be analysed.

14
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Figure 7. Spectrometer

Detector

As a detector a charged couple device (CCD) is used. The information obtained
by the CCD is then transmitted to the computer, where, using the Wire 4.0
software, we can work with the fibber’s spectra.

Spectrometer

Figure 8. Photo of the Renishaw InVia puRaman system open
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Obtention of the samples

For this study, a group of investigators from Universidad de La Laguna chemistry
department, lead by Dr Javier Borges, separated the digestive/intestinal track and

gonads of the sea urchins that a diving group collected in October of 2020 (in Tajao,
Tenerife) and on January of 2021 (in Playa Grande, El Poris, Tenerife), at depths between
7-11m.

Figure 9. Two circular gratings where not organic materials of part of different sea urchins where deposit
for its analysis.

With the aim of remove the organic remains and sediments inside the sea urchins, these
were put through a series of physical-chemical processes, depositing then the not
organic materials in different circular gratings of 4 cm diameter. This made it possible to
identify and measure plastic fibers more efficiently. They were classified with names in
which they identified what sea urchin it was (a number was assigned), what part it was
(gonads or digestive / intestinal tract), and what chemical treatments had they been put
through, also indicating a list with the fibers that had been found in the sample, its
colour, and its size.
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Figure 10. Colour distribution of the fibers found in Playa Tajao (PT) and Playa Grande (PG).

Source: Marta Sevillano-Gonzalez (2021, p.19)

Table 2.- Results of the analysis of digestive/intestinal tracts and gonads of D. africanum sea urchins

collected in Tajao and El Poris in Tenerife (Canary Islands, Spain) in October, 2020 and January,

2021, respectively.
Average MP
Sampling MPs | tsh Tissue Number Average MPs/indv. MPs tvpe
location length + eng " of MPs +=SD P
range
SD
Digestive/intestinal 23 643 82 fibers
tracts 1 film
1354+ 110~
Tajao 6709 Gonads 37 5+2 37 fibers
990 um um
119 fibers (99.2 %)
+
Total 120 9+3 1 film (0.8 %)
Digestive/intestinal 112 643 106 fibers
tracts 6 fragments
83 - 87 fibers
+ +
El Poris 1;87165 11638 Gonads 8% 43 1 film
H um 193 fibers (96.5 %)
Total 200 10+4 6 fragments (3.0 %)

1 film (0.5 %)
Source: Marta Sevillano-Gonzalez et al (2021, p.15)
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Evaluation of the spatial resolution of the micro-Raman system across a

microfiber

Once all our measurements were done and our objective match, we decided to
evaluate experimentally the spatial resolution with which the microscope system
measures the microfibers. In theory, the numerical aperture of the objective will set the
resolution R of the microscope, defined as the shortest spacing for two points on a
sample surface to be resolved with A wavelength observation: R ~ 0.61A/NA, which in
our configuration would be R ~ 0.61(0.785)/0.75 ~ 0.64 um. However, this spatial
resolution will be determined in reality, by other experimental factors such as on how
the laser illuminates across the objective (how well collimated it is, and how much it fills
the aperture of the lens), as well as how the Raman scattering is produced within the
micrometric sample.
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Figure 11. Basic schematic of the Raman microscope in backscattering configuration. Adapted from “Raman
Imaging: Techniques and Applications”, Springer Series in Optical Sciences 168, 2012.

To achieve this goal of experimentally verifying the spatial lateral resolution R,
we first found a fibre with a regular shape, that would also be horizontal in the plane
perpendicular to the optical axis, so we could perform a linear scan across the fibre from
one side to the other, far from the fibre. With the optical imaging, focusing on the centre
of the microfiber (see below, left image), we could see that the actual width of the fibre
was slightly larger than 20 um, but we wanted to determine the apparent size from the
microRaman scan, not the optical microscope image one, so we made a horizontal scan

18



with the fibre on the centre. The scanning took 241 spectra, one each 2 um, starting 60
um left of the centre of the fibre and ending another 60 um at its right. The exposure
time for each one was 3 sec using the 50% of the laser intensity trying to reduce that
way the damage made to the filters.

Then, with the Wire software, we told the program, for each spectra took, to integrate
the area between two ramanshift/cm(840-875), in which we previously had located
one, or some of the peaks of the spectra. So, if the spectra were took out of the fibre,
there would not be any peak in the area we are integrating, having then only an
integrated area associated with the background noise, much lower than the one we
would obtain when the scan is taken in the fibre.

Once the whole scanning was made, and all the areas integrated, the program plotted
all the values in a graphic of integrated value vs um. If the scanning was ideal, and the
sample had a squared shape, we would obtain a step function, with a value different
from cero only from -10 um and 10 um, where the fibre is located.

Signal To Baseline From 840 To 875
1

R(pm)

Figure 12. Integrated area between 840-875 ramanshift/cm-1 for each spectra took along the x axis,
where the fiber is located.

But, as we expected, that is not the case. By looking at the FWHM of the measured band,
we estimate that the fiber has around 22.5 um in width, at the point where the scan was
done. Agreeing well with the optical image. The differences with the step function can
be associated with different factors, as the noise background, the fibre irregular shapes,
mostly on its edges, the fact that on the edges, the laser is not completely over the fibre,
so the spectrum is less intense and clear, possible displacements during the scanning
time and so on. That’s why, at the end, we obtained a more like gaussian function

19



centred on the fibre. As a method to reduce the noise-signal ratio, we did not use all
the CCD pixels, due to the signal being mostly concentrated in a certain region. In the
Fig 14 we see all the pixels taken by the CCD and their intensities, and in the Fig 15 we
have just the highlighted region, where the Raman signal is located, and all the
parameter used for the obtention of the Signal to Baseline vs um plot shown in Fig 12.

Figure 13. Fiber analysed to obtain the spatial resolution. The second picture show the value of the area
integrated in each iteration along the x axis, being redder when the area is bigger, and blacker when is smaller.

As a conclusion, we could say that it is really important that the measurements are taken
in a part of the fibber near to its centre, never in the edges, and we should try always to
make it in the flattest surface, however this was not always possible, making our task
more difficult and forcing us to analyse a much bigger numbers of fibbers in order to
identify the goal of the 10% of the fibbers.
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Figure 14. CCD pixels and spectra obtention settings.
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ANALYSIS AND RESULTS

A continuacion, se detallan de una manera extendida los procedimientos sequidos para
la obtencion de los espectros. Durante el proceso tratamos de realizar las medidas
siguiendo las mismas pautas siempre, con el objetivo de tener unos resultados lo mds
fiables posibles. También se exponen los resultados de las identificaciones del 11% del
total de fibras de micropldsticos encontradas en los erizos (37 de 360), lo que supuso un
40% de las que se analizaron, teniendo como resultado una presencia del 46% de
celulosa, un 24.35% de PP, otro 24.35% de PET y dos fibras de copolimeros,
poly(dimethylsiloxane-co-alkylmethylsiloxane)ypoly(dimethylsiloxane-co-
alkylmethylsiloxane).

Fibre identification and analysis

As mentioned before, Raman analysis was carried out using a Renishaw InVia
micro-Raman (uRaman) system. The measurements were performed with a 785 nm
laser to avoid autofluorescence of the microfibers as much as possible, and a 50X Leica
(NA=0.75) objective was used to achieve a spatial resolution of around 1 pm and a
diffraction grating of 1200 I/mm. Identification of MPs was performed using two spectral
libraries: an extensive library of Raman spectra of polymers from Spectral ID (Thermo
Fisher), and a specific library database acquired with our system.

In order to make the measurement process as reliable as we could, the process was
always the same:

1. First, we opened the 732mm laser and let it get heated up for about 10 minutes.
Then proceeded to put the grating with the fibres in a Petri Dish, where
previously we added a millimetre paper, in order to be able to orient through the
grating.

2. Once the setup was prepared and the Wire software turn on, the calibration to
check that everything was working fine was done, and the scanning began. It was
a manual process, in which first we had to identify a possible micro-plastic fibber
with the 5x lens, and then focus the fibber with the 50x lens. Once we get to this
point, we had to open the shutter and focus properly it on the flattest possible
surface in the fibre, trying to get the clearest spectrum. The next step was to
select how much time we want the exposure to the laser to be, the number of
acquisitions, and its power. It was usually between 3-15 sec of exposure, 3-10
acquisitions and a 50% of laser power. The purpose of not using the full laser
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power was trying to reduce the obviously wear that was being produce in one of
the filters. Once everything was prepared, we started the measurement, and if
the spectrum was not right, we changed the parameters trying to obtain a better
one.

This process was repeated each time a possible micro-plastic was found on the
grating. When all the fibbers were found or all the grating was checked, we
changed the grating to a next one. Each grating took between 1-3 hours to fully
analyse. The range in which we were taking the spectra was between 560 and
1677 Raman shift/cm™, which correspond to 821 and 904 nm respectively.

After getting enough spectrums, each one was baseline subtracted using
polynomial functions of first degree whenever possible. Microfibers’ spectra
were compared with those from these libraries and Pearson correlation values
were obtained. The Pearson correlation coefficient, R, is a measure of the linear
correlation between two linear variables. That is why it is really useful as and
indicator of the similarities between two different spectra. The value of this
coefficient oscillates between -1 and 1, being more correlated the two variables
when their absolute value of the Pearson coefficient is closest to 1. Sometimes
the square of it is used to avoid the possible confusions generated by the
negative values.
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This process was not always conclusive, having matchings with plastics with a Pearson
correlation under R=50%, giving us then, unsatisfactory results. The reasons behind
these low correlations could be different, a few examples are, a high noise-signal ratio,
a plastic which spectrum is not on our dataset, a fibber that is to irregular shaped that
we get no clear signal from it, the fibber not being a plastic, etc.

We repeated this whole proceeding until the obtention of the 32 identifications needed.

Figure 17. Microfibers found in different sea urchins. a), b) Dark microfiber found on intestinal track of urchin
number 20 seen with x20 and x5 lens; c), d) Red and blue fibers found in intestinal tracks of urchins 9 and 4
respectively, seen with x50 lens
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Microfibers’ composition

A total of 37 microfibers were satisfactory analysed (11.6% of the total, 40% of the
analysed ones), having matches with our spectra libraries with a Pearson correlation
over 0.7. During the correlations, we found that most of the matching were better with
the library we made on our Raman Spectrograph than with the Renishaw one.

This can be explain since the Renishaw library was made with a different Spectrograph
and with different conditions, while our library, was made using the exact same
conditions that we had when analysing the fibers.

Microplastic's fibbers

m PP mCellulosic = PET Poly (dimethy..) = Poly (cyclohex..)

Figure 18. Classification of the different identified microplastics

The most common material inside the samples was cellulosic, being a 46% (17 out of
37). The next most common were PET and PP, a 24.3% each one. PET is usually found in
clothing and beverage containers, while PP, is used in a wide variety of applications
including food packaging, textiles, laboratory equipment, automotive components, and
clear films.

Besides these three types, we found one poly(dimethylsiloxane-co-alkylmethylsiloxane)
fibre, which has a wide variety of applications, including medical devices, components
of cosmetics, etc, and another one of the poly(1,4-cyclohexanedimethylene
terephthalate-co-ethylene terephthalate), which is used for the manufacture of films,
sheets, and tubes. Each one represents a 2.7%.
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Fig 19 shows the comparation between the spectra of our library (obtained by
measurements of macro-plastics, which spectra is clearer) and some of the microplastics
identified.
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Figure 19. Comparation between fibers spectra and our library

In Fig 20 we have different microplastic fibers spectra of the same type (Cellulosic, PET
and PP). We can appreciate that even with the phonons being mostly on the same cm,
the spectra can be quite different, ), even though they are the same material.
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Figure 20. Comparation between different fibers spectra of the same material.

In some works, similar to ours it has also been notice that most of the fibers found in
the marine sediments are cellulosic (Sanchez-Vidal et al., 2018; Suaria et al., 2020).

Since they have a higher density than seawater (=1.5 g/cm® vs 1.02 g/cm?), they are
likely to sediment in the seafloor, making it easily available for sea urchins to eat, this
could explain the high proportion of cellulosic present in these animals. We can apply
the same reasoning to explain the presence of PET, due to its density (1.38 g/cm?)

Regarding PP and poly(dimethylsiloxane-co-alkylmethylsiloxane), they are low-density
polymers that float on water. The present of this plastics on the seabed is a result of the
colonization of them by organisms or adherences of particles, explaining then the
presence on the sea urchins’ gonads and intestines.

Concerning the other copolymer found, the poly(1,4-cyclohexanedimethylene
terephthalate-co-ethylene terephthalate), it also has a density higher than seawater
and, therefore, it is more likely to sink.
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CONCLUSIONS

En nuestro estudio hemos confirmado la presencia de micropldsticos en el interior del
tracto digestivo/intestinal y de las gonadas de erizos de mar Diadema africanum
encontrados en la costa de Tenerife, Canarias. Todos los ejemplares presentaban
presencia de estas microfibras contaminantes, de las cuales clasificar en su tipo de
pldstico un 11.6% del total, a través del uso del andlisis InVia micro-Raman.

Los pldsticos principales encontrados fueron Celulosa, PPy PET. A partir de los tipos y sus
tamanos y formas podemos deducir que su origen es antropogénico, siendo los vertidos
de agua la causa mds probable. Esta suposicion concuerda con la cercania de los dos
puntos de recogidas de muestra, Playa Grande y Tajao, con diferentes zonas de vertido
de aguas en Tenerife.

In this study we have confirm the presence of micro plastic fibers in both
digestive/intestinal tracts and gonads of Diadema africanum sea urchin found in two
beaches located in Tenerife, Canary Islands. All the individuals presented microfibers, of
which a 11.6% were successfully classified in their plastic type, using In-via micro-Raman
analysis.

The main plastics founds were cellulosic, PP and PET, but there was no significant
difference between Playa Grande and Tajao, the two sample points, as to the number
of fibers inside the sea urchins, and neither in their types of plastics.

Regarding possible microfibers sources, judging from the shapes and their composition,
their origin can be associated with an anthropogenic origin, being the wastewater the
most likely cause. This supposition makes sense due to the closeness of the two beaches
(Tajao and Playa Grande) to some of the water discharge points in Tenerife.

Even though a much larger study of microplastic would be needed in order to be more
accurate in our conclusions, we can assert that the human activity and our poorly waste
management have affected the marine ecosystem until the point that most of aquatic
species (in our case sea urchins) are ingesting microplastic unconsciously, not only
affecting them, but also us, who consume them as part of our diet. This problem is a real
threat to human health and the whole marine ecosystem itself, so more studies should
be make in order to determine the real impact of our wastes and to found ways of
minimising our impact on this, and other species.
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