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Abstract

Plastics are the most important component in marine debris. In turn, within plastics,
microplastics (<5mm) are those that most affect marine biota. Thus, this review has as its
main objective to show the current state of studies of microplastics, as well as to
determine the groups of vertebrates most affected by microplastics, and the type and
predominant color of microplastics. For this research, we review a total of 142 articles.
Our results show that the group more affected is turtles, the predominant type is fibers
(67.3%), polymer is polyethylene (27.3%), and color is blue (32.9%). Therefore, we
believe that it is necessary to carry out more research and appropriate policies for

reduction of plastics in the environment.



Introduction

Marine litter has become a dilemma for the whole of society, affecting all sectors:
economic, social, environmental, and even cultural, becoming a multigenerational
problem (Hardesty et al., 2015). Within marine litter, plastics, a family of organic
polymers, has become one of the main waste products, mainly due to the high demand
for its use, which has caused a exponential growth, overcoming the rest of artificial
materials (Geyer et al., 2017). This demand in the plastic industry has caused it to increase
from 5 million tons in 1960 to 359 million in 2018 (Europe & EPRO, 2019). In addition,
it is estimated that 275 million tons were generated in 2010, of which 12.7 million tons
ended up in the marine environment (Jambeck et al., 2015). And world plastics production
in 2018 was distributed in: 51% Asia, 20% Europe, 18% North America, 7% Africa, 4%
South America (Europe & EPRO, 2019). Thus, it is estimated that in 2014 there were
5.25 trillion plastic particles in the oceans, and North Pacific contained 37.9% of these

particles, due to the dynamics of the thermohaline current (Eriksen et al., 2014).

Plastic waste produces a massive environmental impact, due to its abundance and
persistence in the environment, especially in the marine environment, becoming one of
the most serious threats for the oceans and biodiversity (Carbery et al., 2018; Gall &
Thompson, 2015). So, plastic pollution is one of the main environmental problems in
most of the terrestrial and marine environments, causing damage of communities at both
the macro and micro levels, with no known ecosystem which does not fall under the scope
of this type of contamination (Taylor et al., 2016).

The origin of plastics that end up in the marine environment is mainly terrestrial, through
wind, rivers, effluents, and wastewater, although recreational activities and fishing are
also sources of plastics in the marine environment (Anbumani & Kakkar, 2018; Ryan et
al., 2009).

Thus, most of the plastics found in the oceans are nets, plastic bags, plastic bottles and
cooking tools (Hardesty et al., 2015), all of these materials have been made from fossil
fuels, and none of them are biodegradable (Geyer et al., 2017).
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Figure 1. Potential pathways in transport of microplastics and biological interactions (Whright et
al., 2013).

Plastics can be classified according to their size, shape, origin, and polymer composition.
When grouped by size, they can be divided into macroplastics (> 25mm), mesoplastics
(5-25mm), and microplastics (<5mm) (Lee et al., 2013). However, there are difficulties
when defining microplastics based on their size, since on many occasions the authors
define this concept based on the methodology or instrumentation they use, which is why
the following categories have been defined based on the size ranges: nanoplastics: 1 to
<1000nm; microplastics: 1 to <1000um; mesoplastics: 1 to <10mm; and macroplastics:
1 cm and larger (Hartmann et al., 2019). Anyway, the nanoplastics and microplastics are
the size that affect a greater number of species (Wesch et al., 2016), because they can be
actively ingested by zooplankton, or through passive ingestion, by higher trophic level
consumers (Anbumani & Kakkar, 2018). Therefore, microplastics are gaining special

attention due to their potential as a threat to marine fauna (Santos et al., 2016).

Microplastics can be divided according to their origin into three different groups: primary
microplastics, which are those that are specifically created with a size lower than 5 mm,
due to their abrasive qualities (Microbeads); Secondary microplastics are those that

originate from the disintegration or fragmentation of macro and mesoplastics due to the
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action of physical agents and UV rays (Fibers, fragments, films); and tertiary
microplastics, which are those used for the preproduction of plastics and reach the
environment in the same state in which they were produced, they are called pellets
(Carbery et al., 2018).

On the other hand, there are different types of microplastics according to their shape:
fibers, fragments, pellets, films, and foams (Anderson et al., 2016). Finally, the worldwide
production of microplastics according to their polymer composition is as follows: 36%
Polyethylene (PE), 21% polypropylene (PP), 12% polyvinyl chloride (PVC), <10%
polyethylene terephthalate (PET) , <10% polyurethane (PUR) and <10% polystyrene (PS)
(Geyer et al., 2017).

Currently, all the oceans and seas in the world are contaminated by microplastics (Kiihn
& van Franeker, 2020; Rochman et al., 2015), accumulating in pelagic zones and
sedimentary environments (Thompson et al., 2004). The main concern of plastics is their
impact on biota, and it began in the 1960s, when plastic fragments were found in the
gastrointestinal system of birds in the marine environment (Ryan et al., 2009). Since then,
microplastics have been described in the gastrointestinal system of 690 species (Carbery
et al., 2018), with 17% of these species being part of the IUCN Red List (Hardesty et al.,
2015), so that it may contribute to the species extinction (Gall & Thompson, 2015).

In addition, the bioavailability of microplastics can increase due to flocculation with
marine particles, creating aggregates that enter in food chain. In turn, fecal remains with
microplastics can be ingested by detritivorous species (Wright et al., 2013). On the other
hand, the ingestion of microplastics by marine zooplankton has been demonstrated
(Desforges et al., 2015), as well as the transfer of microplastic particles from
mesozooplankton to macrozooplankton, so exist a real risk of microplastics getting on
marine food webs (Setdld et al., 2014). Likewise, microplastic transfer has been found in
marine invertebrates, such as the species of Mytilus edulis (mussel) and Carcinus maenas
(crab) (Farrell et al., 2013), proving that there are higher trophic levels that ingest
microplastics through their prey (Wright et al., 2013). Therefore, the potential of



microplastics to be ingested by all levels of biological organization is clearly
demonstrated (Gouin, 2020).

Likewise, the factors that have been defined as the main responsible for the ingestion or
assimilation of microplastics by marine organisms are the following: size (the smaller are
more bioavailable), the density (greater the quantity of microplastics lead to greater the
possibility of ingestion and / or adsorption), abundance (greater variety of microplastics
involves a greater possibility of organisms being attracted to this material), and color (it
has been shown that there are certain colors that tend to attract certain groups of
organisms), all these factors cause an increase in the bioavailability of microplastics in
organisms with respect to other anthropogenic waste (Wright et al., 2013). On the other
hand, microplastics in their degradation process in the marine environment release
volatile organic compounds, such as dimethyl sulfide (DMS), a compound present in
algae, so that an olfactory mark is generated, causing that some organisms of zooplankton,
such as copepods consume microplastics mistaking them for their prey (Procter et al.,
2019). Furthermore, this behavior has also been demonstrated in seabirds, showing that
the chemical aromatic signal released by the microplastics produces greater ingestion in

marine fauna (Savoca et al., 2016).

Also, one has to take into account the difficulty in providing a standardized method of
sampling about ingestion of microplastics by marine biota. However, it is possible to
establish guidelines about the area, time, number and size of organisms indicating
contamination by microplastics (Wesch et al., 2016). In this sense, a quality assessment
protocol has been described using several criteria: sampling method and strategy, sample
size, sample storage and processing, laboratory preparation, controls, and polymer
treatment and identification, providing a standardized protocol for the detection of

microplastics in marine biota (Hermsen et al., 2018).

Futhermore, is important highlight that, given the characteristics of microplastics, a set of
techniques for their detection in marine biota have been used since their discovery, among
which those included in the Table 1.
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Transform by infrared radiation polymer be detected with this
Infrared  (FTIR) producing different identification technique

types of molecular

spectrometer

vibrations depending Low cost and easy

on the composition to use

and structure of the

substance Plastic ~ polymers
with highly specific

spectra
Table 1. Comparison of current techniques for measuring microplastics in marine biota. Adapted

from Rezania et al., 2018.

Finally, the impact of microplastics on marine fauna is mainly due to two issues: on the
one hand, after ingestion of microplastics, these can accumulate in the animal's organs,
generating mechanical obstruction and preventing them from feeding or breathing, which

is a physical impact on the biology of the individual (Anbumani & Kakkar, 2018).

Moreover, there is chemical impact, since it has been shown that microplastics can
contain persistent organic pollutants (POPs), such as polychlorinated biphenyl (PCB)
(Hermsen et al., 2018). In turn, it has been shown that microplastics from beaches around
the world contained organochlorine compounds such as DDT and its derivatives DDE
and DDD, HCH, and PCB, all classified as POPs (Ogata et al., 2009).

In addition, the potential of microplastics to transport hydrophobic contaminants such as
phenanthrene in sediments has been demonstrated, so this can affect organisms living in
these habitats (Teuten et al., 2007). Most of the compounds from which microplastics are
made, such as phthalates and BPA, affect reproduction in various organisms, including
crustaceans and fish, and produce genetic malformations, altering hormonal systems
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(Oehlmann et al., 2009). Likewise, an increase in epithelial cysts in plastic-feeding birds
has also been reported (Roman et al., 2019). Different additives and microplastic by-
products have been found in seabirds, among which UV stabilizers such as UV-328, UV-
236, and UV-237 containing benzotriazole groups and BP-12 containing a benzophenone
group, which alter the endocrine system, and flame retardants such as
hexabromocyclododecane (HBCDD) and deca-BDE, which are included in the list of
persistent organic pollutants (POPs) (Tanaka et al., 2019). It is also important to highlight
the occurrence of organic UV filters found in microplastics, such as BP-3, 4-MBC, OC,
OMC and OD-PABA (Cadena-Aizaga et al., 2020). Likewise, up to 81 chemical
compounds have been found in microplastics in the Canary Islands, in the North Atlantic,
among which organochlorine compounds such as PCB, DDT and derivatives,
organochlorine pesticides (OCP), polycyclic aromatic hydrocarbons (PAH) and
bromodiphenyl esters (BDE) stand out (Camacho et al., 2019).

The latter is of vital importance,
since these persistent chemical
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Objectives

The main objectives of this research work were the following:

1. To carry out a review of the existing studies in microplastic (MP) pollution in the
marine biota studied in its natural environment, focusing on marine vertebrates

(sea birds, fish, marine mammals and turtles).

2. To visualize temporal trend in the number of studies on microplastics, in order to

determine their importance based on the growing number of studies.

3. To create a database with a summary of the main results in the studies conducted

to date.

4. To establish, based on the studies carried out until now, the main types, polymers
and colors of microplastics in marine vertebrates in order to support for decision

making in management and future research.
5. To determine the main methods for measuring microplastics in marine biota,

evaluating those that should be used in the future in order to harmonize

methodologies.

12
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Methodology

To carry out this bibliographic review, a list of references obtained from the Web of
Science Database (WOS) was used. The key search word was “microplastics”, obtaining
a total of 3,623 references on May 17, 2020. The list obtained was then filtered by the
fields “Plant Science”, “Zoology”, “Oceanography”, giving a total of 1,345 references,
divided into 143 references for Oceanography, 219 for Plant Science, and 983 for
Zoology.

Once this first selection was made, all those references that did not study species in the
marine environment were first disregarded, that is, studies carried out in rivers, lakes or
reservoirs were disregarded. At the same time, research carried out in the laboratory was
also disregarded, since it has been demonstrated that significant differences exist between
field studies and experiments on exposure to microplastics in the laboratory (Rezania et
al., 2018).

This study showed that of the 1,345 references found, only 213 references were in biota
in the natural environment, divided into the following: 20 marine mammals, 15 seabirds,
9 turtles, 97 fish, 69 invertebrates, and 3 plants (Figure 3). Once we had these perfectly
defined references, we limited ourselves to studying only vertebrates 142 articles (marine

mammals, seabirds, turtles and fish).

143

1001 9z

75

50

Number of articles

219 251 20

15

9 ]
' [

69

3
EE—]

Oceandgraphy Plant Science Zoology

Disciplines Groups

Figure 3. References found by disciplines in Web of Science (Left) and distribution by groups of

the references used in this review (right).
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Therefore, from the 142 articles, review articles and those which weren't complete were
disregarded, making a final list of 132 articles. The following information was obtained
from each article: location, sample size (n), group (sea birds, fish, marine mammals and
turtles), species, organ of analysis (feces, stomach, gastrointestinal tract, others), % of
individuals with microplastics, number of microplastic items per individual, number of
total microplastic particles, predominant type of microplastic (fibers, fragments, pellets,
films, and foams), predominant type of polymer, predominant color of microplastic, type
of visual instrumentation (dissecting microscope, stereo microscope, rulers), and use of
advanced instrumentation (Raman spectroscopy/FT-IR spectroscopy), creating the data

table shown in the results.

Once obtained this table, created in the Microsoft Excel spreadsheet program version
Microsoft 365, the statistical program R studio was used in its version R version 3.6.1
(2019-07-05) with the set of packages tidyverse 1.3.0 (Wickham et al., 2019) and ggplot2
(Wickham et al., 2016) to make the graphs that are shown in the results.
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Results

Spatial and temporal distribution and instrumentation

The data obtained from the 213 articles cover all oceans and continents, so that the most
studied areas are the Atlantic Ocean (77), the Pacific Ocean (69) and the Mediterranean
Sea (35), while the least studied are the Indian Ocean (17), the Arctic Ocean (8), the Baltic

Sea (4) and the Antarctic Ocean (3), all of which are shown in figure 4.

50

-50

-100 0 100 200
long

Figure 4. Distribution of studies about microplastics in marine biota in the Atlantic Ocean,
Pacific Ocean, Indic Ocean, Artic Ocean, Antartic Ocean, Mediterranean Sea and Baltic Sea.

In turn, if we study scientific production for years, we can see how the discipline of
microplastics in marine fauna is very recent. The first article that studies microplastic
waste specifically in vertebrates was published in 2010, and the first article about
invertebrates in 2014. Since 2010, the number of articles has increased exponentially,
going from a single article in that year to 60 articles in 2019 and 42 articles in the first
five month of 2020 (Figure 5).
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Figure 5. Distribution of studies about microplastics in marine biota in the last 10 years.

Thus, of the 132 studies reviewed in this work, 129 reported microplastics in organs of
marine fauna, and only 3 articles (2 articles of marine mammals and 1 article of fish)
reported that no microplastics had been found in any individual, that is, 97.73% of the
articles found microplastic contamination in the organisms studied. Overall, the articles
reviewed have studied a total of 25,907 individuals, finding microplastic particles in
7,375 individuals, therefore, 28.47% of all individuals studied were contaminated with

microplastic particles.

The characterization of the microplastic particles depends on each research group, since
there are different methods of analysis and none of them is standardized (Gouin, 2020),
so it is interesting to determine the organs in which the particles have been found and the

analytical instruments used.

Of the 132 articles reviewed in this study, most, 83 articles, perform the analysis of
microplastics on the gastrointestinal tract, 34 articles only in the stomach, and 9 in the
feces, while only 5 in other organs such as gills, muscles and livers. It is verified that most
of the articles are focused on the gastrointestinal tract, which provides more information
about the microplastic contamination of the individual than studying only the stomachs.

16



In turn, of the 132 articles, most of them used advanced techniques for the detection of
microplastics (Figure 6), such as the Fourier Transform Infrared (FTIR) spectrometer,
reaching 60.4% of the articles reviewed, and to a lesser extent Raman spectroscopy. It is
important to highlight that an important percentage of the articles, 32.8%, did not use any
advanced analysis technique, so the identification was based on the use of visual

techniques such as the microscope.

Another Feces Gastrointestinal tract . Stomach Fourier Transformed Infrared spectroscopic (FTIR) None . Raman spectroscopy

Bi7% s @ 6.7 %

60.4 %

32.8 %
61.9%

Figure 6. Distribution of microplastic articles according to the organ studied (left) and

according to the use of advanced technology instrumentation (FTIR/Raman spectroscopy)

(right).
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Concentration and sample size of microplastics

It is important to take into account the size of the sample when carrying out studies of
contamination by microplastics, since an excessively small size can give us an idea of
individual contamination but not group or species contamination. The study of the

average number of individuals analyzed by each article was carried out.

In general, all the articles carry out their respective studies with a fairly high number of
specimens. The studies carried out on fish are noteworthy, since with an average of 233
specimens, there are outpoint articles that study up to 1429 specimens. The rest of the
groups present very similar averages and medians. It is also important to note that in all
cases, except for the seabirds, there are studies that fall below 5 individuals.

This is related, especially in the case of turtles and marine mammals, with the great
difficulty in obtaining samples, because they are obtained from strandings or accidental
fishing of these species. This information can serve as a guide for future studies, since
using the medians of the studies carried out as a reference, can give us an idea of the
sample size that may be adequate for the study of these groups: 121 in fish, 44 in marine
mammals, 62 in sea birds, and 47 in turtles (Figure 7). This will avoid underestimating

due to lack of data or investing unnecessary effort.
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Figure 7. Sample size by group (fish, marine mammals, seabirds, and turtles) in the studies

reviewed.

18



On the other hand, we show the average % of individuals with microplastics by groups,
in which we can determine, that the group most affected by these particles are the turtles,
88% of the specimens studied were contaminated by microplastics. The rest of the groups
present very similar values: 42% of the fishes affected, 59% of the marine mammals
affected, and 50% of the sea birds affected (Figure 8). Something fundamental to take
into account is that all the groups consist of articles where all the studied individuals were
contaminated by microplastics.

100+
7]
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®
@ 754
Q
o
o Group
E E3 Fish
g 50 E3 Marine mammals
9 B3 Seabird
=} Turtles
E -
=
'g 25 Group mean  minimum  maximum median
N Fish 41.99 0.00 100.00 33.50
Marine mammals 58.49 0.00 100.00 67.80
‘ Seabird 50.38 0.50 100.00 47.70
0 Turtles 88.17 58.30 100.00 100.00

Figure 8. Percentage of individuals affected by microplastic contamination by group (fish, marine

mammals, seabirds, and turtles).

In turn, it is interesting to determine the average number of microplastic particles found
in the individuals of each group. The data are very interesting, since they show us the
great potential that many organisms have to accumulate microplastics, the most
controversial case is that of the turtles, whose average number of particles differs by two
orders of magnitude from the rest of the groups. Thus, the average of microplastic
particles found in turtles is 121.7 particles per individual, while in fishes it is 2.6 particles,
in marine mammals 9.7 particles and in sea birds 7.0 particles. Likewise, the minimum
of particles found in turtles, 22.7 particles, is similar to the maximum of particles found
in fishes 34.0 particles, in marine mammals 27.9 particles, and in sea birds 22.0 particles,
being the maximum for turtles 220.7 particles (Figure 9). Therefore, the group most

affected by micro-plastic pollution is turtles.
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Figure 9. Concentration of microplastic particles by individuals by group (fish, marine mammals,

seabirds, and turtles) in logarithmic scale.

Type and colors of microplastics

As for the type of microplastic, it is interesting to determine the shape of the microplastic,

since it is one of the best indicators about its origin. In case the ingestion of pellets

prevails, it provides us with information that the area is affected by industrial processes,

while if fibers prevail, the source can be residual water with remains of clothes, and when

fragments and others prevail, we can estimate that it is a "fast" process of breakage of

macro and mesoplastics. So, biomonitoring is a suitable method to determine the sources

and speed of microplastics in marine ecosystems (Gouin, 2000).

At an average level of all the organisms studied in the articles reviewed, the predominant

type of microplastic in each article has been obtained, the fibers predominant

microplastics, which are found as predominant in 67.3% of the articles reviewed. The

next important group of fragments, representing 25.7% of the articles reviewed. Pellets

and films, represent only 3.5% each (Figure 10).
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Figure 10. Predominant type of microplastic (fibers, fragments, films, pellets) in vertebrate

marine biota

However, if we analyze the predominant type of microplastic according to the different
groups, we obtain different trends from those generally expected. In this case, we can
observe how the fish group shows a similar trend to the general average (71.1% fibers,
21.7% fragments, 3.6% pellets, 3.6% films), which makes sense given that it is the

majority group of articles that have been studied.

In marine mammals, none of the articles show as predominant microplastic pellets or
films, being the predominant microplastic fibers in 72.7% of the articles (Figure 11). The
group of marine birds is interesting, since it is the only group where the fibers do not
represent the majority type of microplastics, since they are found in the same percentage
as the fragments (45.5% each), and in addition pellets appear as the predominant
microplastic in 9.1% of the articles. This shows us that birds are much more affected by
microplastics in granular or fragment form, than by microplastics in fiber form. Finally,
the turtle group also has fibers as the predominant microplastic, but to a lesser extent than
fish or mammals, as it only represents 50% of the articles. Fragments representing 37.5%

and films 12.5% become important in this group.
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Figure 11. Predominant type of microplastic (fibers, fragments, films, pellets) by group (fish,

marine mammals, seabirds, and turtles).

On the other hand, knowing the predominant polymer from which the microplastic
particles are formed gives us an idea of the period of time that this microplastic will take
to degrade, since each polymer has a certain period of degradation, as well as the possible
organic compounds that can be released by the microplastic due exclusively to the
polymer. The data show that the predominant polymer found in the studied vertebrates is
polyethylene (PE) in 27.3% of the articles, followed by polypropylene (PP) in 14.3% of
the articles, rayon in 11.7% of the articles and polyester in 10.4% of the articles (Figure
12).
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Figure 12. Predominant polymers of microplastic in vertebrate marine biota.

Finally, the predominant color of the microplastics in the fauna studied in each of the
articles was reviewed, obtaining the following results: dark colors represented 58.82%,
distributed as follows in 32.94% blue, 18.82% black, 3.53% green, 2.35% red, and 1.18%
brown, while light colors represented 41.18%, distributed in 24.71% white and 16.47%
transparent (Figure 13). Thus, it can be seen that the majority color is blue, in 32.94% of

the articles, followed by white, in 24.71% of the articles.

However, studying the groups separately we find very different trends from the previous
one. In fish, dark colors represent 59.37% of the articles, with blue (28.12%), black
(23.44%), green (4.69%) and red (3.12%). Light colors are 40.63% represented by white
(18.75%) and transparent (21.88%). In marine mammals, dark colors represent 62.5%,
and only consist of blue (50%) and black (12.5%), and light colors by the transparent
(37.5%). Birds are the only group where light colors are the majority, formed only by the
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transparent (55.56%), with dark colors representing 44.44%, formed by blue (33.33%)
and brown (11.11%). Finally, in the group of turtles we only find two colors: blue color
that represents 75% of the items and the transparent color that represents the remaining
25% of the items (Figure 14).

24.7 %

Colors

Transparent

16.5 % White

24%
129%-5%

Figure 13. Predominant colour of microplastic in vertebrate marine biota
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Figure 14. Predominant colour of microplastic by group (fish, marine mammals, seabirds, and

turtles).

25



Discussion

The present review makes an extensive revision of all the information contained of
microplastics in marine biota. In this sense, our data show that 132 scientific articles make
studies of microplastics in marine vertebrates (turtles, mammals, birds and fish), this
number coincides with other reviews of microplastics in vertebrates, which studying only
cetaceans, fish and turtles reach 112 articles with a review methodology similar to ours
(Lopez-Martinez et al., 2020). On the other hand, our data show that, in the last decade,
studies of microplastics in marine biota have increased exponentially, going from the first
study specifically of microplastics in 2010 to 60 studies in 2019. This exponential
behavior in the number of studies on microplastics ingestion confirms the assumptions
that the environmental threat of plastics is significant in marine animals and is acquiring
great attention in recent years (Santos et al., 2016), other reviews show the same

exponential behavior in the study of microplastics in the last decade (Gouin, 2020).

As for the geographical distribution, it can be seen that most of the articles made
(112/213) have been made in the Atlantic and Mediterranean, and in the Pacific (69/213).
These data agree to with reports from the Secretariat of the Convention on Biological
Diversity, which reports that the largest number of articles describing plastic
contamination in the world are from North America (117), Europe (52) and Australia (56)
(Dias & Lovejoy, 2012). This behavior can be associated with the greater amount of
resources for research by countries in Europe, Asia, and the Americas, and the greater
pollution by plastics that occurs in these countries (89% of the world's plastics production
comes from Asia, North America, and Europe) (Europe & EPRO, 2019).

Our results also show a clear tendency to study the complete gastrointestinal system of
the species, with most studies (83/132) being reasonable considering the difficulty in
evaluating all microplastics in incomplete samples, so that the gastrointestinal systems
show to be the most effective organs to evaluate microplastics in biota (Hermsen et al.,
2018). Inturn, 67. 2% of the articles used FTIR and Raman, which has two major benefits:
the first is that visual examination by microscopy does not allow the identification of
different polymers, a problem that is solved by the use of these advanced techniques, and
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also allows a distinction between natural and synthetic polymers (Gouin, 2020). On the
other hand, visual identification techniques without subsequent verification by FTIR or
Raman, are more likely to miss particles that are mixed in the digestive tracts with other

materials, and whose extraction is more complicated (Wesch et al., 2016).

As for the number of individuals per group (median is 121 in fish, 44 in marine mammals,
62 in sea birds, and 47 in turtles) it is essential to take into account the ethical bases of
the study of microplastics in living organisms. Research directed at marine mammals,
turtles, and birds does not use hunting or fishing techniques, therefore they are based on
studies of feces or acquire individuals that have died prior to the study. In fish, however,
many studies carry out fishing and instead others acquire them in markets and
fishmongers where the specimen had already been fished with a different objective than
the study of microplastics, which makes it possible to have a greater number of specimens
for research. In our opinion, and taking into account the logic of species conservation, in
no case should you hunt or fish for individuals, whatever the group they belong to, since
this could be a contradiction, carrying out scientific work to "protect” certain species
through knowledge of the effect of microplastics on them, but on the other hand
minimizing their populations and being able to provoke changes in the ecosystems from
which they come depending on the number of individuals used. Therefore, for future
studies, we recommend that the analysis of microplastics be carried out on species that
have been captured or have died previously, and that therefore the study of microplastics

is not one of the reasons for the death of individuals.

Our results also show that turtles are the group most affected by microplastics, as it is the
group with the highest percentage of individuals affected by microplastics (88% turtles,
59.5% marine mammals, 50.4% sea birds, 42% fish). However, the high prevalence of
microplastics in turtles is shown not only in the proportion of contaminated individuals,
but also in the mean number of microplastic particles found in individuals (121.7 items
in turtles, 2.6 items in fishes, 9.7 items in marine mammals, 7.0 items in sea birds). We
associate this great difference with the rest of the groups mainly to two processes: first,
the large spatial distribution of the turtles and their migratory movements, which allows

them to be found in areas highly contaminated by microplastics at certain times of their
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lives, so that microplastic particles may be present due to environmental exposure (Pham
et al., 2017), and on the other hand the diet, turtles can feed on pelagic organisms when
they are young, so that the shape of the plastic bags can be confused with organisms such
as jellyfish, and they can feed on benthic organisms when they are adults, so that they can
acquire the microplastics when they are swallowed, since an important part of the
microplastics remains in the sediments and sedimentary organisms (Duncan et al., 2019).
For the remaining groups, the percentages are relatively similar between them, in all cases
exceeding 40% of affected individuals. This provides us with quite clear information on

the enormous impact that microplastics have on marine vertebrate biota.

Although the proportion of individuals is similar, the mean number of microplastic
particles in birds, mammals and fish differ, being mammals (9.7) and seabirds (7.0) larger
than fish (2.6), in mammals this increase of microplastic particles compared to fish is
associated with a trophic transfer (Moore et al., 2020), since they consume the entire prey,
and can contain this microplastic, obtaining them through the diet (Hernandez-Milian et
al., 2019). In birds it is associated with trophic transfer through the consumption of prey
with microplastics, but also with the direct ingestion of the microplastics, which can be
confused by their shape and color with plankton organisms (Amélineau et al., 2016). It
has also been demonstrated that the microplastics can come from pieces of macro and
mesoplastics that are broken down into pieces in the gastrointestinal system of birds
(Provencher et al., 2018). These arguments could explain the difference between the fish
group and the marine mammal and seabird groups, but there is no doubt that more
research is needed on the sources and mechanisms of microplastics in marine fauna. In
turn, it is necessary to comment that the number of particles in fish fits with other studies,
which describe from 1 to 20 particles depending on the fish species (Rezania et al., 2018).

The predominant type of microplastics found in all groups are fibers (71.1% in fish,
72.7% in marine mammals, 45.5% in seabirds, 50.0% in turtles), we associate this with
the fact that most microplastic particles identified in the marine environment are fibers
(Wright et al., 2013), and also match to with other studies that state that the predominant
microplastic in fish was fibers (Rezania et al., 2018; Rochman et al., 2015). This can be

explained by the fact that most plastics come from land-based sources, through sewage
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and solid waste treatment plants, which could explain the prevalence of fiber-type
microplastics from laundry. Moreover, the loading of microplastics from fishing nets also
contributes to increase the proportion of fibers compared to other types of microplastics
(Anbumani & Kakkar, 2018). Birds and turtles show different behaviors from the rest,
they present a lower proportion of fibers compared to the proportion of fragments, this
can be associated with two different processes: first, part of the studies observe species
of coastal birds, and correlations have been shown between the type of microplastic
predominant on the coast and that found in the stomach of birds (Kain et al., 2016). So
that this decompensation against other groups may be due to the greater amount of
fragments against fibers in coastal habitats, secondly, birds select plastic particles that
resemble zooplankton prey (Floren & Shugart, 2017), so depending on the similarity of
the prey of each species there will be a prevalence towards one type of microplastic or
another. This case is also notable in turtles, which have a greater attraction to components
similar to gelatinous macro-zooplankton (Vélez-Rubio et al., 2018). Prevalence of pellets
in birds with respect to the rest of the groups is due to the fact that the areas where the
samples were analyzed are closer to plastic industries that use this type of microplastics
in their production processes (Adika et al., 2020), and that they can release them in nearby

areas, affecting the local marine fauna.

The predominant polymers in marine biota are directly related to their production and
therefore to the quantities that reach the environment. The polyethylene match to being
the largest polymer in world production (36%) and that found in marine vertebrate
organisms (27.3%). The same happens with the polypropylene, which is the second
polymer in world production (21%) and that found in marine vertebrate organisms
(14.3%), and the same with polyester that is the third in world production (<10%) and

fourth in marine vertebrate organisms (10.4%) (Geyer et al., 2017).

As for the predominant color, we found that in most of the groups studied the dark colors
stand out (59.37% fish, 62.5% marine mammals, 75% turtles), being in all cases the
majority blue (28.12% fish, 50% marine mammals, 75% turtles), this fits with other
studies that highlight the predominant color in marine fauna such as black and blue

(Rezania et al., 2018), the main explanation for this is that marine fauna confuse their
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common prey with microplastic particles due to the color (Kain et al., 2016; Rios-Fuster,
Alomar et al., 2019). This has been demonstrated in plankton fish, which showed a
preference for blue colored fragments, because their prey in the natural environment are
blue copepods (Ory et al., 2017). However, birds are the only group with a preference
for light colors (55.56%) with respect to the rest of the groups. These data are consistent
with other studies that show a preference for light colors in birds compared to blue colors
(Amélineau et al., 2016; Floren & Shugart, 2017; Kain et al., 2016). This can be explained
by the probability that visual searchers locate the colors, thus animals that observe plastics
from below ingest dark colored fragments, while animals that observe plastics from above
ingest light colored plastics (Santos et al., 2016), this fits our data perfectly, and provides
a reasonable explanation for the difference in color preference by groups.

Finally, it is essential to emphasize the need to harmonize terms and methodologies of
studies of microplastics, since there is a great challenge when making comparisons
between different studies (Gouin, 2020), and it is certain that many studies prior to 2010
will have been left out of this review because they do not use the term "microplastic” but
any other term similar to it. These types of studies provide a global idea and a brief
explanation of the world of microplastics, but the need for further research, focusing on
terrestrial and marine sources, is indisputable. More attention needs to be paid to EDAR
treatment areas (Carbery et al., 2018; Hardesty et al., 2015; Rezania et al., 2018; Ryan et
al., 2009), as well as the extent of microplastic contamination in deep-sea marine
biodiversity (Choy et al., 2020; Taylor et al., 2016), the toxic effect of organic
contaminants associated with microplastics that can cause serious health problems in
wildlife and humans who consume marine animals contaminated by microplastics
(Abbasi et al., 2018; Carbery et al., 2018), and to assess and promote changes at the
political and social levels that encourage real plastic reduction strategies (Gall &
Thompson, 2015; Hardesty et al., 2015; Ryan et al., 2009).
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Conclusions

The conclusions of this Final Master Dissertation are the following:

1. There is an urgent need to carry out studies of microplastic contamination in little
studied areas such as Antarctica, the Arctic and the Indian Ocean, as well as to determine
the degree of microplastic contamination in the species that live in the deep zones of the

oceans.

2. It is essential to create a global knowledge network on microplastic contamination,

promoting multidisciplinary teams and generating networks at an international level.

3. It is required to create a common methodology for the study of microplastics in
marine biota, making quality studies that do not underestimate the impact of
contamination due to the methodology. In this sense, we suggest that all studies of
microplastics have been constructed using advanced technologies: Fourier Transformed
Infrared Spectroscopic, Raman Spectroscopy, or any other not foreseen in this study that

identifies microplastics with great effectiveness.

4. There is an urgent need to develop protection and conservation programs for the
groups and species most affected by microplastic contamination, such as turtles. As well

as for species that are on the Red List or in danger of extinction.

5. The prevalence of fiber-type microplastics gives us a clear idea of the failures in
the countries waster water treatments (WWT), which is why further research is needed
on the sources of microplastics, but even more necessary is the development of solutions

so that these sources stop emitting these contaminants into the natural environment.

6. Adequate information between the scientific community, society and the
politicians is now more necessary than ever, and therefore steps need to be taken to
encourage connections between these three estates, providing clear and concise
information, which will help to have environmental education and education for

sustainability programs that will raise awareness and sensitize the whole population to
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carry out a change of habits that will minimize the production, use and abandonment of
plastics in the natural environment, encouraging the use of alternatives to plastic from the

bases of responsible consumption.

7. It is imperative and inexcusable the need for managers, companies and politicians
in all countries globally to carry out proper waste management, creating realistic plans
and technical supervision of compliance, only by making a collaborative effort between
all levels of society we can limit microplastic pollution and minimize its impact on marine

biota.
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Annex: Table of data on microplastics in vertebrate marine biota

Spain, 41 Bird = Phalacro Feces 63.4 1.68 = 69 63% 80% Nylon N/A Stereomicr  Ye  Alvarez
North corax 0.42 Fibers oscope S etal.,
Atlantic aristotelis 2018
Greenlan 44 Bird = Allealle Gular 47.7 9.99 166 97% 60% Polyvinyl N/A Binocular = Ye = Ameline
d, North pouch Fibers Chloride Microscop = s | auetal,
Atlantic e 2016
Portugal, 288 @ Bird 17 Stomach 12.2 1.77 N/A N/A N/A 100% N/A No Basto et
North species White al., 2019
Atlantic
Antartic 80 Bird = Pygosceli Feces 20.0 119+ 19 58% 60% Polyester Blue Microscop | Ye Bessaet
S papua 0.54 Fibers e s | al, 2019
Canada, 9 Bird Phalarop @ Stomach = 100.0 N/A 111 61% N/A 61% Binocular = No = Drever
North us Fragmen White = Microscop etal.,
Pacific fulicarius ts e 2018
EEUU, 171 Bird = Ptychora = Gastroint 41.5 N/A 404 28% N/A 75% Binocular | No | Floren et
North mphus estinal Pellets Brown = Microscop al., 2017
Pacific aleuticus tract e
Canada, 850 Bird Ptychora Food 0.5 N/A N/A N/A N/A N/A Microscop No  Hipfner
North mphus loads e etal.,
Pacific aleuticus 2017
North 25 Bird = Phoebast = Stomach = 100.0 N/A 42 N/A N/A 54% Handheld | No @ Hyrenba
Pacific ria White ruler chetal.,
Gyre nigripes 2017




North
Pacific
Gyre
South
Atlantic
Gyre

Portugal,
North
Atlantic
Labrado
r Sea,
North
Atlantic
EEUU,
North
Pacific
Australia
, South
Pacific
China
Sea,
North
Pacific
Australia
, South
Pacific
Greek,
Mediterr
anean
Mediterr
anean

62 Bird
47 Bird
160  Bird
60 Bird
168  Bird
135 | Bird
9 Bird
2 Reptil
es
36 | Reptil
es
102 | Reptil
es

2 species

Aptenody
tes
patagonic
us
8 species

Fulmarus
glacialis

2 species
Ardenna

pacifica

3 species

Chelonia
mydas

Caretta
caretta

7 species

Gizzard

Feces

Stomach

Feces/sto
mach

Gastroint
estinal
tract
Stomach

Gastroint
estinal
tract

Gastroint
estinal
tract
Gastroint
estinal
tract
Stomach

53.2

76.6

22.50
%

71.7

85.7

13.3

44.44
%

100%

2%

100%

1.795

N/A

N/A

22+ 344

16.4

1.5

N/A

N/A

N/A

N/A

136

29

135

N/A

3111

N/A

52

46

811

87% N/A
Fragmen
ts
100% 55% Rayon
Fibers

Fragmen = Polydimethylsi

ts loxane
49% N/A
Fragmen
ts
N/A N/A
56% 61%

Fragmen @ Polyethylene
ts

89% 84%
Thread = Polypropylene-
polyethylene
copolymer
71% N/A
Fibers
76% 56%

Fragmen Polypropylene
ts
7% 63% Rayon
Fibers

7%
White

N/A

White

Blue

N/A

N/A

91%
Blue

N/A

48%
White

36%
Blue

Vernier
calipers

N/A

Stereomicr
oscope

Stereomicr
oscope

Binocular
Microscop
e
Vernier
calipers

Binocular
Microscop
e

N/A

N/A

Stereomicr
oscope

No

Ye

Ye

No

No

Ye

Ye

Ye

Ye

Ye
S

Kain et
al., 2016

Le Guen
etal.,
2020

Nicastro
etal.,
2018

Provenc
her et

al., 2018

Terepoc
ki et al.,
2017
Verlis et
al., 2018

Zhu et
al., 2019
Caron et

al., 2018

Digka et
al., 2020

Ducan et
al., 2018



EEUU,
North
Atlantic
Australia
, South
Pacific
Hawaii,
Central
Pacific
Brasil,
South
Atlantic

Azores,
North
Atlantic
Uruguay,
South
Atlantic
EEUU,
North
Atlantic
Artic

North
Sea,
North
Atlantic
Bering
Sea,

50

43

24

96

13

142

107

44

Reptil
es

Reptil
es

Reptil
es

Reptil
es

Reptil
es

Mam
mals

Mam

mals

Mam
mals

3 species

Chelonia
mydas

Caretta
caretta

Chelonia
mydas

3 species

3 species

Phoca
vitulina

Callorhin
us
ursinus

Gastroint
estinal
tract
Stomach

Gastroint
estinal
tract
Gastroint
estinal
tract
Gastroint
estinal
tract
Stomach

Stomach

Feces

100%

81.40
%

58.30

%

70%

100%

0.0

12.15
%

54.55
%

N/A 828
22.70 £ N/A
5.87
N/A 95
220.76 + | 12454
320.82
N/A 13369
0 0
N/A 28
20.38 584

Fragmen
ts

N/A

87%
Fragmen
ts
Laminar

N/A

N/A

54%
Fibers

68%
Fragmen
ts

66%
Polyethylene

N/A

60%
Polyethylene

N/A
21%
Polypropylene

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

100%
White

N/A

Microscop
e

LCD
microscope

Stereomicr
oscope

Raman
microscope

Steromicro
scope

Steromicro

scope

Microscop
e

Ye

No

Ye

No

No

No

No

Ye

Jung et
al., 2018

Machov
sky-
Capuska
etal.,
2020
Pham et
al., 2017

Vélez-
Rubio et
al., 2018
White et
al., 2018

Bourdag
esetal.,
2020
Bravo et
al., 2013

Donohu
eetal.,
2019



North
Pacific
Spain,
North
Atlantic

Ireland,
North
Atlantic

EEUU,
North
Atlantic
Ireland,
North
Atlantic
Artic

England,
North
Atlantic
England,
North
Atlantic
Chile,
South
Pacific

35

13

161

31

50

51

Mam
mals

Mam
mals

Mam
mals

Mam
mals

Mam
mals

Mam
mals

Mam
mals

Mam
mals

Delphinu
s delphis

Halichoe
rus

grypus

2 species

Mesoplod
on mirus

Delphina
pterus
leucas

Halichoe

rus
grypus

10
species

Arctocep
halus
australis

Stomach

Gastroint
estinal
tract

Feces

Gastroint
estinal
tract
Stomach

Feces

Gastroint
estinal
tract
Feces

100%

100%

2.48%

100%

100%

48.39

%

100%

0

12+8 411
279+ 363
14.7
N/A 4
N/A 88
116+ 81
6.6
0.87 26
1.09
3.8+25 261
0 0

97%
Fibers

85%
Fibers

N/A

58%
Fibers

51%
Fragmen
ts
69%
Fragmen
ts
84%
Fibers

N/A

N/A

N/A

50%
Cellophane

53% Rayon

44% Polyester

27%

Polypropylene

61% Nylon

N/A

45%
Blue

N/A

50%
White

N/A

N/A

27%

Black

43%
Blue

N/A

Steromicro
scope

Microscop
e

Steromicro
scope

Microscop
e

Microscop
e

Microscop
e

Binocular
Microscop
e
Microscop
e

No

No

Ye

Ye

Ye

Ye

Ye

No

Hernand
ez-
Gonzale
zetal.,
2018
Hernand
ez-
Milian
etal.,
2019
Hudak
etal.,
2019
Lusher
etal.,
2015
Moore
etal.,
2020
Nelms et
al., 2018

Nelms et
al., 2019

Perez-
Venegas
etal.,
2018



Chile,
South
Pacific

North
Sea,
North
Atlantic
Yellow
Sea,
North
Pacific

China,
North
Pacific
Persian
Gulf,
Indic

Ghana,
North
Atlantic
Persian
Gulf,
Indic
Spain,
Mediterr
anean

205

654

44

155

71

125

Mam
mals

Mam
mals

Mam
mals

Mam
mals

Fish

Fish

Fish

Fish

4 species

Phocoena
phocoena

Neophoc
aena
asiaeorie
ntalis
sunameri
Sousa
chinensis

4 species

3 species

4 species

Galeus
melastom
us

Feces

Stomach

Gastroint
estinal
tract

Gastroint
estinal
tract
Gastroint
estinal
tract,
gills,
skin,
muscle,
livers
Gastroint
estinal
tract
Muscle

Stomach

67.80
%

6.73%

100%

100%

100%

100%

100%

16.80
%

N/A

1.5+0.2

19.1+
7.2

N/A

15.3

340+
2.1

N/A

0.34 =
0.07

62

71

134

52

734

N/A

N/A

N/A

64%
Fibers

N/A

70%
Fibers

70%
Fibers

Fibers

31%
Pellets

Fibers

86%
Fibers

N/A

46%
Polyethylene

N/A

N/A

N/A

N/A

N/A

33%
Cellophane

Blue

N/A

Blue

White

71%
Black

N/A

N/A

42%
Transpar
ent

Microscop
e

Binocular

Raman
microscope

Steromicro
scope

Fluorescen
ce
microscop

y

Steromicro
scope

Electron
microscope

Steromicro
scope

Ye

No

No

Ye

No

No

No

Ye
S

Perez-
Venegas
etal.,
2020
Van
Franeker
etal.,
2018
Xiong et
al., 2018

Zhu et
al., 2019

Abbasi
etal.,
2018

Adika et
al., 2020

Akhbari
zadeh et
al., 2018
Alomar
et
Deudero
., 2017



Spain,
Mediterr
anean
Persian
Gulf,
Indic
Thailand,
North
Pacific
Red Sea,
Indic

Portugal,
North
Atlantic
Spain,
Mediterr
anean
Spain,
North
Atlantic
Ligurian
Sea,
Mediterr
anean
Norwey,
North
Atlantic
Central
Gyre,
North
Pacific

417

20

165

178

150

128

84

139

302

670

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Mullus
surmuletu
S
8 species

24
species

26
species

3 species
Mullus
barbatus
2 species

Prionace
glauca

Gadus
morhua

6 species

Stomach

Gastroint
estinal
tract
Stomach

Stomach

Gastroint
estinal
tract
Stomach

Stomach

Stomach

Gastroint
estinal
tract

27.30
%

N/A

66.70

%

15.17
%

49%

18.75

%

15.48
%

31.40

%

2.98%

35%

042 +

0.04

N/A

1.75

1.57

13+25

19+

1.29

1.20 =
0.45

N/A

N/A

2.1

N/A

204

N/A

175

N/A

28

1375

97%
Fibers

100%
Fragmen
ts
Fibers

98%
Fibers

54%
Fibers

71%
Fibers

72.4%
Sheetlik
e

N/A
94%

Fragmen
ts

34.6%
Polyethylene
terephthalate
Polyethylene

N/A

42%
Polypropilene

80%
Polyethylene

N/A

75%
Polyethylene

Polyester

N/A

30%
Blue

N/A

41%
Transpar
ent
42%
Black

67%
Blue

51%
Black

47%
Transpar
ent

N/A

58%
White

Steromicro
scope

Steromicro
scope

Steromicro
scope

Binocular
microscope

Steromicro
scope

Steromicro
scope

Microscop
e

Steromicro
scope

Microscop
e

Ye

Ye

No

Ye

Ye

No

Ye

Ye

No

Alomar
etal.,
2017

Al-

Salem et

al., 2020

Azad et

al., 2018

Baalkhu
yur et
al., 2018
Barboza
etal.,
2020
Bellas et
al., 2016

Bernardi
ni et al.,
2018

Brate et
al., 2016

Boerger
etal.,
2010



Tyrrenia
n Sea,
Mediterr
anean
North
Sea,
North
Atlantic
Phillipine
s, North
Pacific
Baltic
Sea,
North
Atlantic
Australia

Southern
Ocean
Tyrrenia
n Sea,
Mediterr
anean
Brasil,
South
Atlantic
Chile,
South
Pacific
China,
North
Pacific

67

57

120

673

342

125

122

93

60

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

2 species

3 species

Siganus
fuscescen
S
3 species

21
species

5 species

Priacanth
us
arenatus
2 species

Mugil
cephalus

Gastroint
estinal
tract

Gastroint
estinal
tract

Gastroint
estinal
tract
Gastroint
estinal
tract

Gastroint
estinal
tract

Gastroint
estinal
tract

Stomach

Gastroint
estinal
tract
Gastroint
estinal
tract

64.2%

29.82
%

46.70

%

0.43%

0.30%

14.40
%

49.10

%

8.60%

60%

3.45

1.8

0.6

N/A

N/A

0.78

N/A

1.75

2.25

N/A

N/A

N/A

N/A

2

31

210

16

129

99%
Fibers

45%
Fibers

N/A

N/A

100%
Fragmen
ts

97%
Fibers

55%
Fragmen
ts
55%
Flakes

60%
Fibers

N/A

54%
Polyethylene

Polypropylene

N/A

100% Acrylic
resin

31%
Polypropylene

N/A

55% Polyvinyl
acetate

42%
Polypropylene

96%
Black

37%
Blue

N/A

N/A

100%
Green

Black

N/A

50%

Blue

44%
Green

lon
microscope

Steromicro
scope

Steromicro
scope
Steromicro

scope

Steromicro
scope

Steromicro
scope

Steromicro
scope

Microscop
e

Steromicro
scope

No

Ye

Ye

No

Ye

Ye

No

No

Ye
S

Bottari
etal.,
2019

Bour et
al., 2018

Bucol et
al., 2020

Budimir
etal.,
2018

Cannon
etal.,
2016

Capillo
etal.,
2020

Cardozo
etal.,
2018

Chagno

netal.,
2016

Cheung
etal.,
2018



France,
Mediterr
anean
North
Atlantic

North
Atlantic

Canada,
North
Pacific

Spain,
Mediterr
anean
Brasil,
South
Atlantic
Brasil,
South
Atlantic
Iceland,
North
Atlantic
China
Sea,
North
Pacific
Yellow
Sea,
North
Pacific

14

60

74

210

92

214

85

31

124

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

3 species

3 species

3 species

Oncorhyn
chus
tshawytsc
ha
2 species

Genidens
genidens
7 species

2 species

29
species

6 species

Livers

Stomach

Stomach

Gastroint
estinal
tract

Gastroint
estinal
tract
Stomach

Stomach

Gastroint
estinal
tract
Gastroint
estinal
tract

Gastroint
estinal
tract,
gills, skin

79%

100%

45%

59%

14.80

%

13%

55%

53%

83.90
%

100%

N/A

N/A

N/A

115+
1.41

021+

0.23

0.46

N/A

0.28

3.5+31

N/A

N/A

11

43

N/A

41

N/A

306

22

95

2060

N/A

N/A

Fibers

95%
Fibers

83%
Fibers

Fragmen
ts

68%
Fibers

59%
Fibers

67%
Fibers

98%
Fibers

Polyethylene

Polyethylene

37%
Polyethylene

N/A

30%
Polyethylene
terephthalate

Nylon
polyamide

69% Polyester

N/A

31% Rayon

33%
Cellophane

N/A

N/A

N/A

41%
Transpar
ent

N/A
N/A
32%

Blue

38%
Blue

Blue

49%
Black

Steromicro
scope

Steromicro
scope

Electron
microscope

Microscop
e
Stereomicr

oscope

Steromicro
scope

Steromicro
scope

Microscop
e

Steromicro

scope

Steromicro
scope

No

No

Ye

No

Ye

Ye

Ye
S

Collard
etal.,
2017

Collard
etal.,
2015

Collard
etal.,
2017

Collicutt
etal.,
2019

Compa
etal.,
2018

Dantas
etal.,
2019

Dantas
etal.,
2020

De Vries
etal.,
2020

Ding et

al., 2019

Feng et
al., 2019



Fiji,
South
Pacific
North
Sea,
North
Atlantic
Portugal,
North
Atlantic
Spain,
Mediterr
anean
French
Polynesia
, South
Pacific
Tyrrenia
n Sea,
Mediterr
anean
Turkey,
Mediterr
anean
North
Sea,
North
Atlantic
Canary
Islands,
North
Atlantic

120

1203

27

102

133

229

1337

400

120

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

5 species

7 species

Alepisaur
us ferox

Boops
boops

4 species

2 species

26
species

4 species

Scomber
colias

Gastroint
estinal
tract
Gastroint
estinal
tract

Stomach

Gastroint
estinal
tract
Gastroint
estinal
tract

Gastroint
estinal
tract

Gastroint
estinal
tract
Gastroint
estinal
tract

Gastroint
estinal
tract

67.50
%

2.60%

74%
46.08
%
21.05
%

22.71
%

34.18
%

0.25%

78.33
%

N/A

N/A

47+438
1.68 +
0.31
125+
0.13

1.38

1.6

N/A

27719
1

N/A 60%
Fibers
42 N/A
126 86%
Fibers
92 60%
Fragmen
ts
35 69%
Fragmen
ts
65 81%
Fibers
1822 70%
Fibers
2 N/A
260 74%
Fibers

27%
Polyethylene

25%
Polyethylene
N/A
56%
Polypropylene

N/A

N/A

N/A

100%

Polymethylmet

hacrylate

N/A

N/A

N/A

39%
Black

Blue

N/A

49%
Blue

50%
Blue

100%
Transpar
ent

55%
Blue

Microscop
e

Steromicro
scope
Steromicro

scope

Steromicro
scope

Microscop
e

Steromicro
scope

N/A

Microscop
e

Steromicro
scope

Ye

Ye

Ye

Ye

No

Ye

Ye

Ye

Ye
S

Ferreira
etal.,
2020

Foekem

aetal.,
2013

Gago et
al., 2020

Garcia-
Garin et
al., 2019
Garnier
etal.,
2019

Giani et
al., 2019

Guven
etal.,
2017

Hermse
netal.,
2017

Herrera
etal.,
2019



Canada,
North
Pacific
India,
Indic

China,
North
Pacific
China
Sea,
North
Pacific
Australia
, South
Pacific

India,
Indic

China
Sea,
North
Pacific
Australia
, South
Pacific
Artic

India,
Indic

939

75

120

N/A

60

190

481

20

72

40

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

2 species

3 species

32
species

21
species

Pomacent
rus
moluccen
sis
13
species

24
species
Plectropo

mus ssp.

Boreogad
us saida

2 species

Gastroint
estinal
tract
Gastroint
estinal
tract
Gastroint
estinal
tract
Gastroint
estinal
tract

Gastroint
estinal
tract

Gastroint
estinal
tract
Gastroint
estinal
tract

Gastroint
estinal
tract
Stomach

Gastroint
estinal
tract

1.60%

100%

47%

N/A

95.00
%

8.95%

49.10
%

100%

2.78%

30.00
%

N/A

591+

1.54

2.83 %
1.84

4.05

N/A

N/A

0.228 +
0.080

N/A

N/A

N/A

106

443

342

N/A

208

17

N/A

115

N/A

100%
Fibers

55%
Fibers

70%
Fibers

56%
Fibers

100%
Fibers

Films

96%
Fibers

97%
Fibers

100%

Fragmen

ts
80%
Fibers

Polyester
Polyamide
35%
Polyethylene
49%

Cellophane

43% Rayon

Polyethylene

44% Polyester

24% Cellulose-

regenerated

100% Kaolin

N/A

25%
White

White

N/A

N/A

33%
White

71%
Transpar
ent
83%
Transpar
ent

25%
White

N/A
20%

Transpar
ent

Microscop
e

Microscop
e

Steromicro
scope

Steromicro

scope

Steromicro
scope

Steromicro
scope
Steromicro
scope
Steromicro
scope

Steromicro
scope

Steromicro
scope

Ye

Ye

Ye

Ye

Ye

Ye

Ye

Ye

Ye

Ye
S

Hipfner
etal.,
2018

Hossain
etal.,
2019

Huang
et al.,
2020

Jabeen
etal.,
2017

Jensen
etal.,
2019

Karuppa
samy et
al., 2020
Koongol
laetal.,
2020

Kroon et
al., 2018

Kuhn et
al., 2018

Kumar
etal.,
2018



France,
Mediterr
anean
Labrado
r Sea,
North
Atlantic
Labrado
r Sea,
North
Atlantic
English
Channel,
North
Atlantic
North
Sea,
North
Atlantic
Morocco,
North
Atlantic
Tyrrenia
n Sea,
Mediterr
anean
Brasil,
South
Atlantic
Brasil,
South
Atlantic

169

205

1429

504

761

251

50

32

14

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

2 species

Gadus
morhua

3 species

10
species

10
species

3 species

Scyliorhi
nus
canicula

11
species

2 species

Gastroint
estinal
tract
Gastroint
estinal
tract

Gastroint
estinal
tract

Gastroint
estinal
tract
Gastroint
estinal
tract
Stomach
Gastroint
estinal

tract

Stomach

Stomach

12%

2.44%

1.68%

36.50
%

11%

26.00
%

80%

21.88
%

50%

0.16

N/A

1.12

1.90 +
0.10

12+
0.54

N/A

0.7

N/A

N/A

26

7

19

351

101

N/A

138

N/A

N/A

99%
Fibers

43%
Fragmen
ts
53%
Fibers

68%
Fibers

93%
Fibers

N/A

83%
Fibers

100%
Pellets

100%
Pellets

80%
Polyethylene
terephthalate

N/A

N/A

58% Rayon

N/A

Polyamide

Polyethylene
terephthalate

N/A

N/A

52%
White

71%
White

47%
White

45%
Black

42%
Black

N/A

64%
Black

N/A

N/A

Steromicro
scope

Microscop
e

Microscop
e

Microscop
e

Steromicro
scope

N/A

Steromicro
scope

Microscop
e

Binocular
microscope

Ye

No

No

No

Lefebvre
etal.,
2019

Liboiron
etal.,
2016

Liboiron
etal.,
2019

Lusher
etal.,
2013

Lusher
etal.,
2014

Maaghlo
ud et al.,
2020
Mancia
etal.,
2020

Miranda
etal.,
2016

Miranda
et de

Carvalh

O-



Chile,
South
Pacific
Artic

Spain,
Mediterr
anean
South
Africa,
Indic
England,
North
Atlantic
Portugal,
North
Atlantic
China
Sea,
North
Pacific
Easter
Island,
South
Pacific
South
America,
South
Pacific

62

156

337

70

31

263

35

20

292

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

5 species
2 species
Boops

boops

Mugil
cephalus

Scomber
scombrus

17
species

16

species

Decapter
us
muroadsi

7 species

Gastroint
estinal
tract
Gastroint
estinal
tract
Gastroint
estinal
tract
Gastroint
estinal
tract
Gastroint
estinal
tract
Stomach

Gastroint
estinal
tract

Gastroint
estinal
tract

Gastroint
estinal
tract

N/A

25%

67.7%

72.80

%

32.26
%

20.53
%

60.00
%

100%

2.10%

N/A

1.1+0.3

3.75*
0.25
3.8
0.58 +
1.05

0.27 £
0.63

3.1

25+04

N/A

N/A

N/A

731

260

18

73

N/A

48

6

99%
Fibers

88%
Fibers

N/A
51%
Fibers

72%
Fibers

66%
Fibers

Fibers

92%
Fragmen
ts

60%
Fragmen
ts

N/A

34% Polyester

N/A

N/A

28% Propylene

Polypropylene

N/A

81%
Polyethylene

60%
Polyethylene

Transpar
ent

49%
Blue

N/A
42%
White

28%
Red

N/A

Transpar
ent

40%
Blue

40%
Green

Microscop
e

Steromicro
scope

Steromicro
scope

Microscop
e

Microscop
e

Steromicro
scope

Steromicro

scope

Microscop
e

Microscop
e

No

Ye

No

No

Ye

Ye

Souza.,
2016
Mizraji
etal.,
2017
Morgan
aetal.,
2018
Nadal et
al., 2016

Naidoo
etal.,
2016

Nelms et
al., 2018

Neves et
al., 2015

Nie et
al., 2019

Ory et
al., 2017

Ory et
al., 2018



Adriatic
Sea,
Mediterr
anean
EEUU,
North
Atlantic
EEUU,
North
Atlantic

Chile,
South
Pacific
Adriatic
Sea,
Mediterr
anean
Spain,
Mediterr
anean
India,
Indic

Indonesi
a, Indic

EEUU,
North
Pacific
Tyrrenia
n Sea,

533

1381

116

60

160

197

70

76

64

121

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Solea
solea

6 species

8 species

6 species

2 species

4 species
23
species

11
species

12
species

3 species

Gastroint
estinal
tract

Stomach

Gastroint
estinal
tract

Gastroint
estinal
tract
Stomach

Gastroint
estinal
tract
Gastroint
estinal
tract
Gastroint
estinal
tract

Stomach

95%

42%

10.40
%

33.33
%
93.50
%
28.35
%

21.40
%

28%

25%

18.18
%

1.73+
0.05

1.93

N/A

N/A

2.94

113+
1.99
N/A

N/A

N/A

4566

1141

N/A

N/A

N/A

127

22

105

30

29

72%
Fragmen
ts

86%
Fibers

37%
Fibers

100%
Fibers

57%
Fibers

93%
Fibers

7%
Fibers

60%
Fragmen
ts
80%
Fibers

100%
Fragmen
ts

21%
Polypropylene

N/A

N/A

75%
Polyethylene
terephthalate

61% Polyvinyl
Chloride

N/A
38%

Polyethylene

N/A

N/A

N/A

36%
Blue

N/A

80%
Red

Black

58%
Blue

68%
White

N/A

Transpar
ent

Microscop
e

Microscop
e

N/A

Microscop
e

Steromicro
scope
Steromicro

scope

Steromicro
scope

Microscop
e

Steromicro
scope

Ye

No

Ye

Ye

No

No

Ye

No

No

Pellini et
al., 2018

Peters et
al., 2017

Phillips
et
Bonner,
2015
Pozo et
al., 2019

Renzi et
al., 2019

Rios-
Fuster et
al., 2019
Robin et
al., 2020

Rochma
netal.,
2015

Romeo
etal.,
2015



Mediterr
anean
Italy,
Mediterr
anean
Baltic
Sea,
North
Atlantic
India,
Indic

Tyrrenia
n Sea,
Mediterr
anean
Tyrrenia
n Sea,
Mediterr
anean
English
Channel,
North
Atlantic
Yellow
Sea,
North
Pacific
Japan,
North
Pacific

522

290

100

39

30

347

1320

64

Fish

Fish

Fish

Fish

Fish

Fish

Fish

Fish

4 species

5 species

6 species

2 species

Boops
boops

23
species

19
species

Engraulis
japonicus

Stomach

Gastroint
estinal
tract

Gastroint
estinal
tract
Gastroint
estinal
tract

Gastroint
estinal
tract

Gastroint
estinal
tract

Gastroint
estinal
tract

Gastroint
estinal
tract

2.68%

5.52%

N/A

10.26
%

63.30

%

2.90%

34%

7%

N/A

0.03 %
0.18

1.49
1.43

N/A

2.7

N/A

1.2

23%25

14

17

174

N/A

80

12

546

150

100%
Fragmen
ts
56%
Fragmen
ts

70%
Fibers

100%
Fibers

100%
Fibers

83%
Fibers

67%
Fibers

86%
Fragmen
ts

N/A

40%
Polyethylene

54%
Polyethylene

100% Nylon

N/A

Rayon

40% Organic
oxidation
polymer

52%
Polyethylene

36%
Transpar
ent
43%
White

55%
Blue
100%
Black

85%
Black

83%
Blue

N/A

40%
White

Steromicro
scope

Steromicro
scope
Microscop
e
Steromicro

scope

Steromicro
scope

Microscop
e

Steromicro
scope

Microscop
e

No

Ye

Ye

Ye

Romeo
et al.,
2016

Rummel
etal.,
2016

Sathish
etal.,
2020

Savoca
etal.,
2019

Savoca
etal.,
2019

Steer et
al., 2017

Sun et
al., 2019

Tanaka
et
Takada.,
2016



Tyrrenia
n Sea,
Mediterr
anean
Baltic
Sea,
North
Atlantic
Yellow
Sea,
North
Pacific
German,
North
Atlantic
China
Sea,
North
Pacific
China
Sea,
North
Pacific

*Use Raman Spectroscopy

96

139

150

193

35

Fish

Fish

Fish

Fish

Fish

Fish

3 species

Zoarces
viviparus

3 species

Zoarces
viviparus

11

species

13
species

Gastroint
estinal
tract

Gastroint
estinal
tract

Gastroint
estinal
tract

Gastroint
estinal
tract
Gastroint
estinal
tract

Gastroint
estinal
tract

68.80
%

7.91%

100%

0%

57.50
%

97%

N/A

N/A

N/A

N/A

0.77 £
1.25

1.96 =
1.12

258

11

814

N/A

250

N/A

86%
Fibers

93%
Fibers

N/A

N/A

60%
Fibers

52%
Films

40%

Polypropylene

35% Polyester

N/A

N/A

44.9%
Polyethylene
terephthalate

57%
Cellophane

69%

Black

N/A

N/A

N/A

Blue

62%

Transpar

ent

Microscop
e

Microscop
e

Electron
microscope

Steromicro
scope
Steromicro

scope

Microscop
e

Ye

Ye

Ye

Ye

Ye

Ye

Valente
etal.,
2019

Verlaan
etal.,
2019

Wang et
al., 2019

Wesch
etal.,
2016

Zhang et
al., 2019

Zhu et
al., 2019



References

Abbasi, S., Soltani, N., Keshavarzi, B., Moore, F., Turner, A., & Hassanaghaei, M.
(2018). Microplastics in different tissues of fish and prawn from the Musa Estuary,
Persian Gulf. Chemosphere, 205, 80-87.
https://doi.org/10.1016/j.chemosphere.2018.04.076

Acuerdo, 1. (2009). Tampoco se puede decir que los vinculos de familia pueden llegar a
sustituir las reglas de juego que , en términos generales , buscan proteger a aquellos que
no estén involucrados en la administracion de la empresa o sean minoritarios . 41(22), 1-
2.

Adika, S. A., Mahu, E., Crane, R., Marchant, R., Montford, J., Folorunsho, R., & Gordon,
C. (2020). Microplastic ingestion by pelagic and demersal fish species from the Eastern
Central Atlantic Ocean, off the Coast of Ghana. Marine Pollution Bulletin, 153(October
2019), 110998. https://doi.org/10.1016/j.marpolbul.2020.110998

Akhbarizadeh, R., Moore, F., & Keshavarzi, B. (2018). Investigating a probable
relationship between microplastics and potentially toxic elements in fish muscles from
northeast of Persian  Gulf.  Environmental Pollution, 232, 154-163.
https://doi.org/10.1016/j.envpol.2017.09.028

Alomar, C., & Deudero, S. (2017). Evidence of microplastic ingestion in the shark Galeus
melastomus Rafinesque, 1810 in the continental shelf off the western Mediterranean Sea.
Environmental Pollution, 223, 223-229. https://doi.org/10.1016/j.envpol.2017.01.015

Alomar, C., Sureda, A., Cap6, X., Guijarro, B., Tejada, S., & Deudero, S. (2017).
Microplastic ingestion by Mullus surmuletus Linnaeus, 1758 fish and its potential for
causing oxidative stress. Environmental Research, 159(August), 135-142,
https://doi.org/10.1016/j.envres.2017.07.043

Al-Salem, S. M., Uddin, S., & Lyons, B. (2020). Evidence of microplastics (MP) in gut
content of major consumed marine fish species in the State of Kuwait (of the
Arabian/Persian ~ Gulf). Marine  Pollution  Bulletin, 154(March), 111052.
https://doi.org/10.1016/j.marpolbul.2020.111052

49



Alvarez, G., Barros, A., & Velando, A. (2018). The use of European shag pellets as
indicators of microplastic fibers in the marine environment. Marine Pollution Bulletin,
137(August), 444-448. https://doi.org/10.1016/].marpolbul.2018.10.050

Amélineau, F., D. Bonnet, O. Heitz, V. Mortreux, A. M. A. Harding, N. Karnovsky, W.
Walkusz, J. Fort, &, Grémillet, C. (2016). “Microplastic Pollution in the Greenland Sea:

Background Levels and Selective Contamination of Planktivorous Diving Seabirds.”

Environmental Pollution 219:1131-39.

Anbumani, S., & Kakkar, P. (2018). Ecotoxicological effects of microplastics on biota: a
review. Environmental Science and Pollution Research, 25(15), 14373-14396.
https://doi.org/10.1007/s11356-018-1999-x

Azad, S. M. O., Towatana, P., Pradit, S., Patricia, B. G., Hue, H. T. T., & Jualaong, S.
(2018). First evidence of existence of microplastics in stomach of some commercial fishes
in the lower Gulf of Thailand. Applied Ecology and Environmental Research, 16(6),
7345-7360. https://doi.org/10.15666/aeer/1606 73457360

Baalkhuyur, Fadiyah M., El Jawaher A. Bin Dohaish, Manal E. A. Elhalwagy, Nabeel M.
Alikunhi, Abdulaziz M. AlSuwailem, Anders Rgstad, Darren J. Coker, Michael L.
Berumen, & Duarte, C. (2018). “Microplastic in the Gastrointestinal Tract of Fishes along
the Saudi Arabian Red Sea Coast.” Marine Pollution Bulletin 131(April):407-15.

Barboza, L. G. A., Clara Lopes, P. O., Filipa Bessa, V. O., Bruno Henriques, J., Caetano,
C., and Guilhermino, L (2020). “Microplastics in Wild Fish from North East Atlantic
Ocean and Its Potential for Causing Neurotoxic Effects, Lipid Oxidative Damage, and
Human Health Risks Associated with Ingestion Exposure.” Science of the Total
Environment 717:134625.

Basto, M. N., Nicastro, K. R., Tavares, A. |., McQuaid, C. D., Casero, M., Azevedo, F.,
& Zardi, G. 1. (2019). Plastic ingestion in aquatic birds in Portugal. Marine Pollution
Bulletin, 138(May 2018), 19-24. https://doi.org/10.1016/j.marpolbul.2018.11.024

Bellas, J., Martinez-Armental, J., Martinez-Camara, A., Besada, V., & Martinez-Gomez,
C. (2016). Ingestion of microplastics by demersal fish from the Spanish Atlantic and
Mediterranean coasts. Marine Pollution Bulletin, 109(1), 55-60.
https://doi.org/10.1016/j.marpolbul.2016.06.026

50


https://doi.org/10.1016/j.marpolbul.2018.10.050

Bernardini, I., Garibaldi, F., Canesi, L., Fossi, M. C., & Baini, M. (2018). First data on
plastic ingestion by blue sharks (Prionace glauca) from the Ligurian Sea (North-Western
Mediterranean ~ Sea).  Marine  Pollution  Bulletin,  135(uly),  303-310.
https://doi.org/10.1016/j.marpolbul.2018.07.022

Bessa, F. Ratcliffe, V. Otero, P. Sobral, Jodo C. Marques, Claire M. Waluda, Phil N.
Trathan, & Xavier, J.C (2019). “Microplastics in Gentoo Penguins from the Antarctic
Region.” Scientific Reports 9(1):1-7.

Boerger, C. M., Lattin, G. L., Moore, S. L., & Moore, C. J. (2010). Plastic ingestion by
planktivorous fishes in the North Pacific Central Gyre. Marine Pollution Bulletin, 60(12),
2275-2278. https://doi.org/10.1016/j.marpolbul.2010.08.007

Bottari, T. Serena Savoca, M., Gioele Capillo, Giuseppe, M., Martina, R., Crupi, M.,
Sanfilippo, L., Giuseppe Compagnini, F., Romeo, T., Luna, G. M., Nunziacarla Spano,
& Enza F. (2019). “Plastics Occurrence in the Gastrointestinal Tract of Zeus Faber and
Lepidopus Caudatus from the Tyrrhenian Sea.” Marine Pollution Bulletin 146(July):408—
16.

Bour, A., Avio, C. G., Gorbi, S., Regoli, F.,, & Hylland, K. (2018). Presence of
microplastics in benthic and epibenthic organisms: Influence of habitat, feeding mode
and trophic level. Environmental Pollution, 243, 1217-1225.
https://doi.org/10.1016/j.envpol.2018.09.115

Bourdages, M. P. T., Provencher, J. F., Sudlovenick, E., Ferguson, S. H., Young, B. G,
Pelletier, N., ... Vermaire, J. C. (2020). No plastics detected in seal (Phocidae) stomachs
harvested in the eastern Canadian Arctic. Marine Pollution Bulletin, 150(October 2019),
110772. https://doi.org/10.1016/j.marpolbul.2019.110772

Brate, I. L. N., Eidsvoll, D. P., Steindal, C. C., & Thomas, K. V. (2016). Plastic ingestion
by Atlantic cod (Gadus morhua) from the Norwegian coast. Marine Pollution Bulletin,
112(1-2), 105-110. https://doi.org/10.1016/j.marpolbul.2016.08.034

Bravo Rebolledo, E. L., Van Franeker, J. A., Jansen, O. E., & Brasseur, S. M. J. M.
(2013). Plastic ingestion by harbour seals (Phoca vitulina) in The Netherlands. Marine
Pollution Bulletin, 67(1-2), 200-202. https://doi.org/10.1016/j.marpolbul.2012.11.035

Bucol, L. A., Romano, E. F., Cabcaban, S. M., Siplon, L. M. D., Madrid, G. C., Bucol,
A. A., & Polidoro, B. (2020). Microplastics in marine sediments and rabbitfish (Siganus

51



fuscescens) from selected coastal areas of Negros Oriental, Philippines. Marine Pollution
Bulletin, 150(October 2019), 110685. https://doi.org/10.1016/j.marpolbul.2019.110685

Budimir, S., Setéld, O., & Lehtiniemi, M. (2018). Effective and easy to use extraction
method shows low numbers of microplastics in offshore planktivorous fish from the
northern Baltic Sea. Marine Pollution Bulletin, 127(August 2017), 586-592.
https://doi.org/10.1016/j.marpolbul.2017.12.054

Cadena-Aizaga, M. I., Montesdeoca-Esponda, S., Torres-Padrén, M. E., Sosa-Ferrera, Z.,
& Santana-Rodriguez, J. J. (2020). Organic UV filters in marine environments: An update
of analytical methodologies, occurrence and distribution. Trends in Environmental
Analytical Chemistry, 25. https://doi.org/10.1016/j.teac.2019.e00079

Camacho, M., Herrera, A., Gomez, M., Acosta-Dacal, A., Martinez, |., Henriquez-
Hernandez, L. A., & Luzardo, O. P. (2019). Organic pollutants in marine plastic debris
from Canary Islands beaches. Science of the Total Environment, 662, 22-31.
https://doi.org/10.1016/j.scitotenv.2018.12.422

Cannon, S. M. E., Lavers, J. L., & Figueiredo, B. (2016). Plastic ingestion by fish in the
Southern Hemisphere: A baseline study and review of methods. Marine Pollution
Bulletin, 107(1), 286-291. https://doi.org/10.1016/j.marpolbul.2016.03.057

Capillo, G., Savoca, S., Panarello, G., Mancuso, M., Branca, C., Romano, V., Spano, N.
(2020). Quali-quantitative analysis of plastics and synthetic microfibers found in
demersal species from Southern Tyrrhenian Sea (Central Mediterranean). Marine
Pollution Bulletin, 150(June 2019), 110596.
https://doi.org/10.1016/j.marpolbul.2019.110596

Carbery, M., O’Connor, W., & Palanisami, T. (2018). Trophic transfer of microplastics
and mixed contaminants in the marine food web and implications for human health.
Environment International, 115(April), 400-409.
https://doi.org/10.1016/j.envint.2018.03.007

Cardozo, A. L. P., Farias, E. G. G., Rodrigues-Filho, J. L., Moteiro, I. B., Scandolo, T.
M., & Dantas, D. V. (2018). Feeding ecology and ingestion of plastic fragments by
Priacanthus arenatus: What’s the fisheries contribution to the problem? Marine Pollution
Bulletin, 130(November 2017), 19-27. https://doi.org/10.1016/j.marpolbul.2018.03.010

52



Caron, A. G. M., Thomas, C. R., Berry, K. L. E., Motti, C. A., Ariel, E., & Brodie, J. E.
(2018). Ingestion of microplastic debris by green sea turtles (Chelonia mydas) in the Great
Barrier Reef: Validation of a sequential extraction protocol. Marine Pollution Bulletin,
127(September 2017), 743-751. https://doi.org/10.1016/j.marpolbul.2017.12.062

Chagnon, C., Thiel, M., Antunes, J., Ferreira, J. L., Sobral, P., & Ory, N. C. (2018). Plastic
ingestion and trophic transfer between Easter Island flying fish (Cheilopogon
rapanouiensis) and yellowfin tuna (Thunnus albacares) from Rapa Nui (Easter Island).
Environmental Pollution, 243, 127-133. https://doi.org/10.1016/j.envpol.2018.08.042

Cheung, L. T. O., Lui, C. Y., & Fok, L. (2018). Microplastic contamination ofwild and
captive flathead grey mullet (Mugil cephalus). International Journal of Environmental
Research and Public Health, 15(4). https://doi.org/10.3390/ijerph15040597

Choy, C. A., Robison, B. H., Gagne, T. O., Erwin, B., Firl, E., Halden, R. U., Van Houtan,
K. S. (2020). Author Correction: The vertical distribution and biological transport of
marine microplastics across the epipelagic and mesopelagic water column (Scientific
Reports, (2019), 9, 1, (7843), 10.1038/s41598-019-44117-2). Scientific Reports, 10(1),
1-9. https://doi.org/10.1038/s41598-020-57573-y

Collard, F., Gilbert, B., Compeére, P., Eppe, G., Das, K., Jauniaux, T., & Parmentier, E.
(2017). Microplastics in livers of European anchovies (Engraulis encrasicolus, L.).
Environmental Pollution, 229, 1000-1005. https://doi.org/10.1016/j.envpol.2017.07.089

Collard, F., Gilbert, B., Eppe, G., Parmentier, E., & Das, K. (2015). Detection of
Anthropogenic Particles in Fish Stomachs: An Isolation Method Adapted to Identification
by Raman Spectroscopy. Archives of Environmental Contamination and Toxicology,
69(3), 331-339. https://doi.org/10.1007/s00244-015-0221-0

Collard, F., Gilbert, B., Eppe, G., Roos, L., Compere, P., Das, K., & Parmentier, E.
(2017). Morphology of the filtration apparatus of three planktivorous fishes and relation
with ingested anthropogenic particles. Marine Pollution Bulletin, 116(1-2), 182-191.
https://doi.org/10.1016/j.marpolbul.2016.12.067

Collicutt, B., Juanes, F., & Dudas, S. E. (2019). Microplastics in juvenile Chinook salmon
and their nearshore environments on the east coast of VVancouver Island. Environmental
Pollution, 244, 135-142. https://doi.org/10.1016/j.envpol.2018.09.137

53



Compa, M., Ventero, A., Iglesias, M., & Deudero, S. (2018). Ingestion of microplastics
and natural fibres in Sardina pilchardus (Walbaum, 1792) and Engraulis encrasicolus
(Linnaeus, 1758) along the Spanish Mediterranean coast. Marine Pollution Bulletin,
128(October 2017), 89-96. https://doi.org/10.1016/j.marpolbul.2018.01.009

Dantas, D. V., Ribeiro, C. I. R., Frischknecht, C. de C. A., Machado, R., & Farias, E. G.
G. (2019). Ingestion of plastic fragments by the Guri sea catfish Genidens genidens
(Cuvier, 1829) in a subtropical coastal estuarine system. Environmental Science and
Pollution Research, 26(8), 8344-8351. https://doi.org/10.1007/s11356-019-04244-9

Dantas, N. C. F. M., Duarte, O. S., Ferreira, W. C., Ayala, A. P., Rezende, C. F., &
Feitosa, C. V. (2020). Plastic intake does not depend on fish eating habits: Identification
of microplastics in the stomach contents of fish on an urban beach in Brazil. Marine
Pollution Bulletin, 153(October 2019), 110959.
https://doi.org/10.1016/j.marpolbul.2020.110959

De Vries, A. N., Govoni, D., Arnason, S. H., & Carlsson, P. (2020). Microplastic
ingestion by fish: Body size, condition factor and gut fullness are not related to the amount
of plastics consumed. Marine Pollution Bulletin, 151(December 2019), 110827.
https://doi.org/10.1016/j.marpolbul.2019.110827

Desforges, J. P. W., Galbraith, M., & Ross, P. S. (2015). Ingestion of Microplastics by
Zooplankton in the Northeast Pacific Ocean. Archives of Environmental Contamination
and Toxicology, 69(3), 320-330. https://doi.org/10.1007/s00244-015-0172-5

Dias, B. F. D. S., & Lovejoy, T. E. (2012). Impacts of Marine Debris on Biodiversity:
Current Status and Potential Solutions. In CBD Technical Series. Retrieved from
http://www.thegef.org/gef/pubs/impact-marine-debris-biodiversity-current-status-and-

potential-solutions

Digka, N., Bray, L., Tsangaris, C., Andreanidou, K., Kasimati, E., Kofidou, E., Kaberi,
H. (2020). Evidence of ingested plastics in stranded loggerhead sea turtles along the
Greek coastline, East Mediterranean Sea. Environmental Pollution, 263.
https://doi.org/10.1016/j.envpol.2020.114596

Ding, J., Jiang, F., Li, J., Wang, Z., Sun, C., Wang, Z., He, C. (2019). Microplastics in
the coral reef systems from Xisha Islands of South China Sea. Environmental Science
and Technology, 53(14), 8036-8046. https://doi.org/10.1021/acs.est.9b01452

54



Donohue, M. J., Masura, J., Gelatt, T., Ream, R., Baker, J. D., Faulhaber, K., & Lerner,
D. T. (2019). Evaluating exposure of northern fur seals, Callorhinus ursinus, to
microplastic pollution through fecal analysis. Marine Pollution Bulletin, 138(November
2018), 213-221. https://doi.org/10.1016/j.marpolbul.2018.11.036

Drever, M. C., Provencher, J. F., O’Hara, P. D., Wilson, L., Bowes, V., & Bergman, C.
M. (2018). Are ocean conditions and plastic debris resulting in a ‘double whammy’ for
marine birds? Marine Pollution Bulletin, 133(June), 684-692.
https://doi.org/10.1016/j.marpolbul.2018.06.028

Duncan, E. M., Broderick, A. C., Fuller, W. J., Galloway, T. S., Godfrey, M. H., Hamann,
M., Godley, B. J. (2019). Microplastic ingestion ubiquitous in marine turtles. Global
Change Biology, 25(2), 744-752. https://doi.org/10.1111/gcb.14519

Eriksen, M., Lebreton, L. C. M., Carson, H. S., Thiel, M., Moore, C. J., Borerro, J. C.,
Reisser, J. (2014). Plastic Pollution in the World’s Oceans: More than 5 Trillion Plastic
Pieces Weighing over 250,000 Tons Afloat at Sea. PLoS ONE, 9(12), 1-15.
https://doi.org/10.1371/journal.pone.0111913

Europe, P., & EPRO. (2019). Plastics - the Facts 2019. Retrieved from

https://www.plasticseurope.org/en/resources/market-data

Feng, Z., Zhang, T., Li, Y., He, X., Wang, R., Xu, J., & Gao, G. (2019). The accumulation
of microplastics in fish from an important fish farm and mariculture area, Haizhou Bay,
China. Science of the Total Environment, 696, 133948.
https://doi.org/10.1016/j.scitotenv.2019.133948

Ferreira, M., Thompson, J., Paris, A., Rohindra, D., & Rico, C. (2020). Presence of
microplastics in water, sediments and fish species in an urban coastal environment of Fiji,
a Pacific small island developing state. Marine Pollution Bulletin, 153(August 2019),
110991. https://doi.org/10.1016/j.marpolbul.2020.110991

Floren, H. P., & Shugart, G. W. (2017). Plastic in Cassin’s Auklets (Ptychoramphus
aleuticus) from the 2014 stranding on the Northeast Pacific Coast. Marine Pollution
Bulletin, 117(1-2), 496-498. https://doi.org/10.1016/j.marpolbul.2017.01.076

Foekema, E. M., De Gruijter, C., Mergia, M. T., Van Franeker, J. A., Murk, A. J., &
Koelmans, A. A. (2013). Plastic in north sea fish. Environmental Science and
Technology, 47(15), 8818-8824. https://doi.org/10.1021/es400931b

55



Gago, J., Portela, S., Filgueiras, A. V., Salinas, M. P., & Macias, D. (2020). Ingestion of
plastic debris (macro and micro) by longnose lancetfish (Alepisaurus ferox) in the North
Atlantic  Ocean. Regional Studies in Marine Science, 33, 100977.
https://doi.org/10.1016/j.rsma.2019.100977

Gall, S. C., & Thompson, R. C. (2015). The impact of debris on marine life. Marine
Pollution Bulletin, 92(1-2), 170-179. https://doi.org/10.1016/j.marpolbul.2014.12.041

Garcia-Garin, O., Vighi, M., Aguilar, A., Tsangaris, C., Digka, N., Kaberi, H., & Borrell,
A. (2019). Boops boops as a bioindicator of microplastic pollution along the Spanish
Catalan coast. Marine Pollution Bulletin, 149(June), 110648.
https://doi.org/10.1016/j.marpolbul.2019.110648

Garnier, Y., Jacob, H., Guerra, A. S., Bertucci, F., & Lecchini, D. (2019). Evaluation of
microplastic ingestion by tropical fish from Moorea Island, French Polynesia. Marine
Pollution Bulletin, 140(January), 165-170.
https://doi.org/10.1016/j.marpolbul.2019.01.038

Geyer, R., Jambeck, J. R., & Law, K. L. (2017). Production, use, and fate of all plastics
ever made. Science Advances, 3(7), 25-29. https://doi.org/10.1126/sciadv.1700782

Giani, D., Baini, M., Galli, M., Casini, S., & Fossi, M. C. (2019). Microplastics
occurrence in edible fish species (Mullus barbatus and Merluccius merluccius) collected
in three different geographical sub-areas of the Mediterranean Sea. Marine Pollution
Bulletin, 140(December 2018), 129-137.
https://doi.org/10.1016/j.marpolbul.2019.01.005

Gouin, T. (2020). Toward an Improved Understanding of the Ingestion and Trophic
Transfer of Microplastic Particles: Critical Review and Implications for Future Research.
Environmental Toxicology and Chemistry, 39(6), 1119-1137.
https://doi.org/10.1002/etc.4718

Giiven, O., Gokdag, K., Jovanovi¢, B., & Kideys, A. E. (2017). Microplastic litter
composition of the Turkish territorial waters of the Mediterranean Sea, and its occurrence
in the gastrointestinal tract of fish. Environmental Pollution, 223, 286-294.
https://doi.org/10.1016/j.envpol.2017.01.025

56



Hardesty, B. D., Good, T. P., & Wilcox, C. (2015). Novel methods, new results and
science-based solutions to tackle marine debris impacts on wildlife. Ocean and Coastal
Management, 115, 4-9. https://doi.org/10.1016/j.ocecoaman.2015.04.004

Hartmann, N. B., Hiffer, T., Thompson, R. C., Hassellov, M., Verschoor, A., Daugaard,
A. E., Wagner, M. (2019). Are We Speaking the Same Language? Recommendations for
a Definition and Categorization Framework for Plastic Debris. Environmental Science
and Technology, 53(3), 1039-1047. https://doi.org/10.1021/acs.est.8b05297

Hermsen, E., Mintenig, S. M., Besseling, E., & Koelmans, A. A. (2018). Quality Criteria
for the Analysis of Microplastic in Biota Samples: A Critical Review. Environmental
Science and Technology, 52(18), 10230-10240. https://doi.org/10.1021/acs.est.8b01611

Hermsen, E., Pompe, R., Besseling, E., & Koelmans, A. A. (2017). Detection of low
numbers of microplastics in North Sea fish using strict quality assurance criteria. Marine
Pollution Bulletin, 122(1-2), 253-258. https://doi.org/10.1016/j.marpolbul.2017.06.051

Hernandez-Gonzalez, A., Saavedra, C., Gago, J., Covelo, P., Santos, M. B., & Pierce, G.
J. (2018). Microplastics in the stomach contents of common dolphin (Delphinus delphis)
stranded on the Galician coasts (NW Spain, 2005-2010). Marine Pollution Bulletin,
137(July), 526-532. https://doi.org/10.1016/j.marpolbul.2018.10.026

Hernandez-Milian, G., Lusher, A., MacGabban, S., & Rogan, E. (2019). Microplastics in
grey seal (Halichoerus grypus) intestines: Are they associated with parasite aggregations?
Marine Pollution Bulletin, 146(August 2017), 349-354.
https://doi.org/10.1016/j.marpolbul.2019.06.014

Herrera, A., Stindlova, A., Martinez, 1., Rapp, J., Romero-Kutzner, V., Samper, M. D.,
Gomez, M. (2019). Microplastic ingestion by Atlantic chub mackerel (Scomber colias)
in the Canary Islands coast. Marine Pollution Bulletin, 139(January), 127-135.
https://doi.org/10.1016/j.marpolbul.2018.12.022

Hipfner, J. M., Galbraith, M., Tucker, S., Studholme, K. R., Domalik, A. D., Pearson, S.
F., Hodum, P. (2018). Two forage fishes as potential conduits for the vertical transfer of
microfibres in Northeastern Pacific Ocean food webs. Environmental Pollution, 239,
215-222. https://doi.org/10.1016/j.envpol.2018.04.009

Hipfner, J. M., Studholme, K. R., & Galbraith, M. (2017). Low incidence of plastics in

food loads delivered to nestlings by a zooplanktivorous seabird over a 21-year period.

57



Marine Pollution Bulletin, 121(1-2), 320-322.
https://doi.org/10.1016/j.marpolbul.2017.06.028

Hossain, M. S., Sobhan, F., Uddin, M. N., Sharifuzzaman, S. M., Chowdhury, S. R.,
Sarker, S., & Chowdhury, M. S. N. (2019). Microplastics in fishes from the Northern Bay
of Bengal. Science of the Total Environment, 690, 821-830.
https://doi.org/10.1016/j.scitotenv.2019.07.065

Huang, J. S., Koongolla, J. B, Li, H. X,, Lin, L., Pan, Y. F., Liu, S., Xu, X. R. (2020).
Microplastic accumulation in fish from Zhanjiang mangrove wetland, South China.
Science of the Total Environment, 708, 134839.
https://doi.org/10.1016/j.scitotenv.2019.134839

Hudak, C. A., & Sette, L. (2019). Opportunistic detection of anthropogenic micro debris
in harbor seal (Phoca vitulina vitulina) and gray seal (Halichoerus grypus atlantica) fecal
samples from haul-outs in southeastern Massachusetts, USA. Marine Pollution Bulletin,
145(June), 390-395. https://doi.org/10.1016/j.marpolbul.2019.06.020

Hyrenbach, K. D., Hester, M. M., Adams, J., Titmus, A. J., Michael, P., Wahl, T.,
Vanderlip, C. (2017). Plastic ingestion by Black-footed Albatross Phoebastria nigripes
from Kure Atoll, Hawai’i: Linking chick diet remains and parental at-sea foraging
distributions. Marine Ornithology, 45(2), 225-236.

Jabeen, K., Su, L., Li, J., Yang, D., Tong, C., Mu, J., & Shi, H. (2017). Microplastics and
mesoplastics in fish from coastal and fresh waters of China. Environmental Pollution,
221, 141-149. https://doi.org/10.1016/j.envpol.2016.11.055

Jambeck, J., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, M., Andrady, A., Law, K.
L. (2015). the Ocean : the Ocean : Marine Pollution, 347(6223), 768-. Retrieved from
https://science.sciencemag.org/CONTENT/347/6223/768.abstract

Jensen, L. H., Motti, C. A., Garm, A. L., Tonin, H., & Kroon, F. J. (2019). Sources,
distribution and fate of microfibres on the Great Barrier Reef, Australia. Scientific
Reports, 9(1), 1-15. https://doi.org/10.1038/s41598-019-45340-7

Jung, M. R., Balazs, G. H., Work, T. M., Jones, T. T., Orski, S. V., Rodriguez C, V.,
Lynch, J. M. (2018). Polymer Identification of Plastic Debris Ingested by Pelagic-Phase
Sea Turtles in the Central Pacific. Environmental Science and Technology, 52(20),

11535-11544. https://doi.org/10.1021/acs.est.8003118

58



Kain, E. C., Lavers, J. L., Berg, C. J., Raine, A. F., & Bond, A. L. (2016). Plastic ingestion
by Newell’s (Puffinus newelli) and wedge-tailed shearwaters (Ardenna pacifica) in
Hawaii. Environmental Science and Pollution Research, 23(23), 23951-23958.
https://doi.org/10.1007/s11356-016-7613-1

Karuppasamy, P. K., Ravi, A., Vasudevan, L., Elangovan, M. P., Dyana Mary, P.,
Vincent, S. G. T., & Palanisami, T. (2020). Baseline survey of micro and mesoplastics in
the gastro-intestinal tract of commercial fish from Southeast coast of the Bay of Bengal.
Marine Pollution Bulletin, 153(February), 110974.
https://doi.org/10.1016/j.marpolbul.2020.110974

Koongolla, J. B, Lin, L., Pan, Y. F,, Yang, C. P., Sun, D. R,, Liu, S., Li, H. X. (2020).
Occurrence of microplastics in gastrointestinal tracts and gills of fish from Beibu Gulf,
South China Sea. Environmental Pollution, 258, 113734.
https://doi.org/10.1016/j.envpol.2019.113734

Kroon, F. J., Motti, C. E., Jensen, L. H., & Berry, K. L. E. (2018). Classification of marine
microdebris: A review and case study on fish from the Great Barrier Reef, Australia.
Scientific Reports, 8(1), 1-15. https://doi.org/10.1038/s41598-018-34590-6

Kihn, S., & van Franeker, J. A. (2020). Quantitative overview of marine debris ingested
by marine megafauna. Marine Pollution Bulletin, 151(December 2019), 110858.
https://doi.org/10.1016/j.marpolbul.2019.110858

Kihn, S., Schaafsma, F. L., van Werven, B., Flores, H., Bergmann, M., Egelkraut-Holtus,
M., van Franeker, J. A. (2018). Plastic ingestion by juvenile polar cod (Boreogadus saida)
in the Arctic Ocean. Polar Biology, 41(6), 1269-1278. https://doi.org/10.1007/s00300-
018-2283-8

Kumar, V. E., Ravikumar, G., & Jeyasanta, K. 1. (2018). Occurrence of microplastics in
fishes from two landing sites in Tuticorin, South east coast of India. Marine Pollution
Bulletin, 135(June), 889-894. https://doi.org/10.1016/j.marpolbul.2018.08.023

Le Guen, C., Suaria, G., Sherley, R. B., Ryan, P. G., Aliani, S., Boehme, L., & Brierley,
A. S. (2020). Microplastic study reveals the presence of natural and synthetic fibres in the
diet of King Penguins (Aptenodytes patagonicus) foraging from South Georgia.
Environment International, 134(October 2019), 1053083.
https://doi.org/10.1016/j.envint.2019.105303

59



Lee, J., Hong, S., Song, Y. K., Hong, S. H., Jang, Y. C., Jang, M., Shim, W. J. (2013).
Relationships among the abundances of plastic debris in different size classes on beaches
in South Korea. Marine Pollution Bulletin, 77(1-2), 349-354.
https://doi.org/10.1016/j.marpolbul.2013.08.013

Lefebvre, C., Saraux, C., Heitz, O., Nowaczyk, A., & Bonnet, D. (2019). Microplastics
FTIR characterisation and distribution in the water column and digestive tracts of small
pelagic fish in the Gulf of Lions. Marine Pollution Bulletin, 142(March), 510-519.
https://doi.org/10.1016/j.marpolbul.2019.03.025

Liboiron, M., Liboiron, F., Wells, E., Richard, N., Zahara, A., Mather, C., Murichi, J.
(2016). Low plastic ingestion rate in Atlantic cod (Gadus morhua) from Newfoundland
destined for human consumption collected through citizen science methods. Marine
Pollution Bulletin, 113(1-2), 428-437. https://doi.org/10.1016/j.marpolbul.2016.10.043

Liboiron, M., Melvin, J., Richard, N., Saturno, J., Ammendolia, J., Liboiron, F., Mather,
C. (2019). Low incidence of plastic ingestion among three fish species significant for
human consumption on the island of Newfoundland, Canada. Marine Pollution Bulletin,
141(March), 244-248. https://doi.org/10.1016/j.marpolbul.2019.02.057

Loépez-Martinez, S., Morales-Caselles, C., Kadar, J., & Rivas, M. L. (2020). Overview of
global status of plastic presence in marine vertebrates. Global Change Biology, (July), 1—-
10. https://doi.org/10.1111/gch.15416

Lusher, A. L., Hernandez-Milian, G., Berrow, S., Rogan, E., & O’Connor, 1. (2018).
Incidence of marine debris in cetaceans stranded and bycaught in Ireland: Recent findings
and a review of historical knowledge. Environmental Pollution, 232, 467-476.
https://doi.org/10.1016/j.envpol.2017.09.070

Lusher, A. L., Hernandez-Milian, G., O’Brien, J., Berrow, S., O’Connor, 1., & Officer,
R. (2015). Microplastic and macroplastic ingestion by a deep diving, oceanic cetacean:
The True’s beaked whale Mesoplodon mirus. Environmental Pollution, 199, 185-191.
https://doi.org/10.1016/j.envpol.2015.01.023

Lusher, A. L., McHugh, M., & Thompson, R. C. (2013). Occurrence of microplastics in
the gastrointestinal tract of pelagic and demersal fish from the English Channel. Marine
Pollution Bulletin, 67(1-2), 94-99. https://doi.org/10.1016/j.marpolbul.2012.11.028

60



Maaghloud, H., Houssa, R., Ouansafi, S., Bellali, F., EI Bougdaoui, K., Charouki, N., &
Fahde, A. (2020). Ingestion of microplastics by pelagic fish from the Moroccan Central
Atlantic coast. Environmental Pollution, 261.
https://doi.org/10.1016/j.envpol.2020.114194

Machovsky-Capuska, G. E., Andrades, R., & Santos, R. G. (2020). Debris ingestion and
nutritional niches in estuarine and reef green turtles. Marine Pollution Bulletin,
153(December 2019), 110943. https://doi.org/10.1016/j.marpolbul.2020.110943

Mancia, A., Chenet, T., Bono, G., Geraci, M. L., Vaccaro, C., Munari, C., Pasti, L. (2020).
Adverse effects of plastic ingestion on the Mediterranean small-spotted catshark
(Scyliorhinus canicula). Marine Environmental Research, 155(September 2019), 104876.
https://doi.org/10.1016/j.marenvres.2020.104876

Miranda, D. de A., & de Carvalho-Souza, G. F. (2016). Are we eating plastic-ingesting
fish? Marine Pollution Bulletin, 103(1-2), 109-114.
https://doi.org/10.1016/j.marpolbul.2015.12.035

Mizraji, R., Ahrendt, C., Perez-Venegas, D., Vargas, J., Pulgar, J., Aldana, M., Galban-
Malagon, C. (2017). Is the feeding type related with the content of microplastics in
intertidal ~ fish  gut?  Marine  Pollution  Bulletin, 116(1-2), 498-500.
https://doi.org/10.1016/j.marpolbul.2017.01.008

Moore, R. C., Loseto, L., Noel, M., Etemadifar, A., Brewster, J. D., MacPhee, S., Ross,
P. S. (2020). Microplastics in beluga whales (Delphinapterus leucas) from the Eastern
Beaufort Sea. Marine Pollution Bulletin, 150(November 2019), 110723.
https://doi.org/10.1016/j.marpolbul.2019.110723

Morgana, S., Ghigliotti, L., Estévez-Calvar, N., Stifanese, R., Wieckzorek, A., Doyle, T.,
Garaventa, F. (2018). Microplastics in the Arctic: A case study with sub-surface water
and fish samples off Northeast Greenland. Environmental Pollution, 242, 1078-1086.
https://doi.org/10.1016/j.envpol.2018.08.001

Nadal, M. A., Alomar, C., & Deudero, S. (2016). High levels of microplastic ingestion
by the semipelagic fish bogue Boops boops (L.) around the Balearic Islands.
Environmental Pollution, 214, 517-523. https://doi.org/10.1016/j.envpol.2016.04.054

61



Naidoo, T., Glassom, D., & Smit J., A. (2016). Plastic ingestion by estuarine mullet,
Mugil cephalus (L., 1758), in an urban harbour, KwaZulu-Natal, South Africa. African
Journal of Marine Science, 38(1), 145-149.

Nelms, S. E., Barnett, J., Brownlow, A., Davison, N. J., Deaville, R., Galloway, T. S.,
Godley, B. J. (2019). Microplastics in marine mammals stranded around the British coast:
ubiquitous but transitory? Scientific Reports, 9(1), 1-8. https://doi.org/10.1038/s41598-
018-37428-3

Nelms, S. E., Galloway, T. S., Godley, B. J.,, Jarvis, D. S., & Lindeque, P. K. (2018).
Investigating microplastic trophic transfer in marine top predators. Environmental
Pollution, 238, 999-1007. https://doi.org/10.1016/j.envpol.2018.02.016

Neves, D., Sobral, P., Ferreira, J. L., & Pereira, T. (2015). Ingestion of microplastics by
commercial fish off the Portuguese coast. Marine Pollution Bulletin, 101(1), 119-126.
https://doi.org/10.1016/j.marpolbul.2015.11.008

Nicastro, K. R., Lo Savio, R., McQuaid, C. D., Madeira, P., Valbusa, U., Azevedo, F.,
Zardi, G. I. (2018). Plastic ingestion in aquatic-associated bird species in southern
Portugal.  Marine  Pollution  Bulletin,  126(December  2017), 413-418.
https://doi.org/10.1016/j.marpolbul.2017.11.050

Nie, H., Wang, J., Xu, K., Huang, Y., & Yan, M. (2019). Microplastic pollution in water
and fish samples around Nanxun Reef in Nansha Islands, South China Sea. Science of the
Total Environment, 696, 134022. https://doi.org/10.1016/j.scitotenv.2019.134022

Oehlmann, J., Schulte-Oehlmann, U., Kloas, W., Jagnytsch, O., Lutz, I., Kusk, K. O.,
Tyler, C. R. (2009). A critical analysis of the biological impacts of plasticizers on wildlife.
Philosophical Transactions of the Royal Society B: Biological Sciences, 364(1526),
2047-2062. https://doi.org/10.1098/rsth.2008.0242

Ogata, Y., Takada, H., Mizukawa, K., Hirai, H., Iwasa, S., Endo, S., Thompson, R. C.
(2009). International Pellet Watch: Global monitoring of persistent organic pollutants
(POPs) in coastal waters. 1. Initial phase data on PCBs, DDTs, and HCHs. Marine
Pollution Bulletin, 58(10), 1437-1446. https://doi.org/10.1016/j.marpolbul.2009.06.014

Ory, N. C., Sobral, P., Ferreira, J. L., & Thiel, M. (2017). Amberstripe scad Decapterus

muroadsi (Carangidae) fish ingest blue microplastics resembling their copepod prey

62



along the coast of Rapa Nui (Easter Island) in the South Pacific subtropical gyre. Science
of the Total Environment, 586, 430—437. https://doi.org/10.1016/j.scitotenv.2017.01.175

Ory, N., Chagnon, C., Felix, F., Fernandez, C., Ferreira, J. L., Gallardo, C., Thiel, M.
(2018). Low prevalence of microplastic contamination in planktivorous fish species from
the southeast Pacific Ocean. Marine Pollution Bulletin, 127(December 2017), 211-216.
https://doi.org/10.1016/j.marpolbul.2017.12.016

Pellini, G., Gomiero, A., Fortibuoni, T., Ferra, C., Grati, F., Tassetti, A. N., Scarcella, G.
(2018). Characterization of microplastic litter in the gastrointestinal tract of Solea solea
from the  Adriatic  Sea.  Environmental  Pollution, 234,  943-952.
https://doi.org/10.1016/j.envpol.2017.12.038

Perez-Venegas, D. J., Seguel, M., Pavés, H., Pulgar, J., Urbina, M., Ahrendt, C., &
Galban-Malagén, C. (2018). First detection of plastic microfibers in a wild population of
South American fur seals (Arctocephalus australis) in the Chilean Northern Patagonia.
Marine Pollution Bulletin, 136(March), 50-54.
https://doi.org/10.1016/j.marpolbul.2018.08.065

Perez-Venegas, D. J., Toro-Valdivieso, C., Ayala, F., Brito, B., Iturra, L., Arriagada, M.,
Galban-Malagén, C. (2020). Monitoring the occurrence of microplastic ingestion in
Otariids along the Peruvian and Chilean coasts. Marine Pollution Bulletin, 153(August
2019), 110966. https://doi.org/10.1016/j.marpolbul.2020.110966

Peters, C. A., Thomas, P. A., Rieper, K. B., & Bratton, S. P. (2017). Foraging preferences
influence microplastic ingestion by six marine fish species from the Texas Gulf Coast.
Marine Pollution Bulletin, 124(1), 82-88.
https://doi.org/10.1016/j.marpolbul.2017.06.080

Pham, C. K., Rodriguez, Y., Dauphin, A., Carrico, R., Frias, J. P. G. L., Vandeperre, F.,
Bjorndal, K. A. (2017). Plastic ingestion in oceanic-stage loggerhead sea turtles (Caretta
caretta) off the North Atlantic subtropical gyre. Marine Pollution Bulletin, 121(1-2),
222-229. https://doi.org/10.1016/j.marpolbul.2017.06.008

Phillips, M. B., & Bonner, T. H. (2015). Occurrence and amount of microplastic ingested
by fishes in watersheds of the Gulf of Mexico. Marine Pollution Bulletin, 100(1), 264—
269. https://doi.org/10.1016/j.marpolbul.2015.08.041

63



Pozo, K., Gomez, V., Torres, M., Vera, L., Nufiez, D., Oyarzdn, P., Klanova, J. (2019).
Presence and characterization of microplastics in fish of commercial importance from the
Biobio region in central Chile. Marine Pollution Bulletin, 140(January), 315-319.
https://doi.org/10.1016/j.marpolbul.2019.01.025

Procter, J., Hopkins, F. E., Fileman, E. S., & Lindeque, P. K. (2019). Smells good enough
to eat: Dimethyl sulfide (DMS) enhances copepod ingestion of microplastics. Marine
Pollution Bulletin, 138(July 2018), 1-6. https://doi.org/10.1016/j.marpolbul.2018.11.014

Provencher, J. F., Vermaire, J. C., Avery-Gomm, S., Braune, B. M., & Mallory, M. L.
(2018). Garbage in guano? Microplastic debris found in faecal precursors of seabirds
known to ingest plastics. Science of the Total Environment, 644, 1477-1484.
https://doi.org/10.1016/j.scitotenv.2018.07.101

Renzi, M., Specchiulli, A., Blaskovi¢, A., Manzo, C., Mancinelli, G., & Cilenti, L. (2019).
Marine litter in stomach content of small pelagic fishes from the Adriatic Sea: sardines
(Sardina pilchardus) and anchovies (Engraulis encrasicolus). Environmental Science
and Pollution Research, 26(3), 2771-2781. https://doi.org/10.1007/s11356-018-3762-8

Rezania, S., Park, J., Md Din, M. F., Mat Taib, S., Talaiekhozani, A., Kumar Yadav, K.,
& Kamyab, H. (2018). Microplastics pollution in different aquatic environments and
biota: A review of recent studies. Marine Pollution Bulletin, 133(May), 191-208.
https://doi.org/10.1016/j.marpolbul.2018.05.022

Rios-Fuster, B., Alomar, C., Compa, M., Guijarro, B., & Deudero, S. (2019).
Anthropogenic particles ingestion in fish species from two areas of the western
Mediterranean  Sea.  Marine  Pollution  Bulletin,  144(April),  325-333.
https://doi.org/10.1016/j.marpolbul.2019.04.064

Robin, R. S., Karthik, R., Purvaja, R., Ganguly, D., Anandavelu, I., Mugilarasan, M., &
Ramesh, R. (2020). Holistic assessment of microplastics in various coastal environmental
matrices, southwest coast of India. Science of the Total Environment, 703, 134947.
https://doi.org/10.1016/j.scitotenv.2019.134947

Rochman, C. M., Tahir, A., Williams, S. L., Baxa, D. V., Lam, R., Miller, J. T., Teh, S.
J. (2015). Anthropogenic debris in seafood: Plastic debris and fibers from textiles in fish
and bivalves sold for human consumption. Scientific Reports, 5(August), 1-10.
https://doi.org/10.1038/srep14340

64



Roman, L., Lowenstine, L., Parsley, L. M., Wilcox, C., Hardesty, B. D., Gilardi, K., &
Hindell, M. (2019). Is plastic ingestion in birds as toxic as we think? Insights from a
plastic feeding experiment. Science of the Total Environment, 665, 660-667.
https://doi.org/10.1016/j.scitotenv.2019.02.184

Romeo, T., Peda, C., Fossi, M. C., Andaloro, F., & Battaglia, P. (2016). First record of
plastic debris in the stomach of Mediterranean lanternfishes. Acta Adriatica, 57(1), 115-
124.

Romeo, T., Pietro, B., Peda, C., Consoli, P., Andaloro, F., & Fossi, M. C. (2015). First
evidence of presence of plastic debris in stomach of large pelagic fish in the
Mediterranean Sea. Marine Pollution Bulletin, 95(1), 358-361.
https://doi.org/10.1016/j.marpolbul.2015.04.048

Rummel, C. D., Léder, M. G. J., Fricke, N. F., Lang, T., Griebeler, E. M., Janke, M., &
Gerdts, G. (2016). Plastic ingestion by pelagic and demersal fish from the North Sea and
Baltic Sea. Marine Pollution Bulletin, 102(1), 134-141.
https://doi.org/10.1016/j.marpolbul.2015.11.043

Ryan, P. G., Moore, C. J., Van Franeker, J. A., & Moloney, C. L. (2009). Monitoring the
abundance of plastic debris in the marine environment. Philosophical Transactions of the
Royal Society B: Biological Sciences, 364(1526), 1999-2012.
https://doi.org/10.1098/rstb.2008.0207

Santos, R. G., Andrades, R., Fardim, L. M., & Martins, A. S. (2016). Marine debris
ingestion and Thayer’s law - The importance of plastic color. Environmental Pollution,
214, 585-588. https://doi.org/10.1016/j.envpol.2016.04.024

Sathish, M. N., Jeyasanta, I., & Patterson, J. (2020). Occurrence of microplastics in
epipelagic and mesopelagic fishes from Tuticorin, Southeast coast of India. Science of
the Total Environment, 720(17217022032003), 137614.
https://doi.org/10.1016/j.scitotenv.2020.137614

Savoca, M. S., Wohlfeil, M. E., Ebeler, S. E., & Nevitt, G. A. (2016). Marine plastic
debris emits a keystone infochemical for olfactory foraging seabirds. Science Advances,
2(11), 1-9. https://doi.org/10.1126/sciadv.1600395

Savoca, S., Capillo, G., Mancuso, M., Bottari, T., Crupi, R., Branca, C., Spano, N. (2019).
Microplastics occurrence in the Tyrrhenian waters and in the gastrointestinal tract of two

65



congener species of seabreams. Environmental Toxicology and Pharmacology,
67(December 2018), 35-41. https://doi.org/10.1016/j.etap.2019.01.011

Savoca, S., Capillo, G., Mancuso, M., Faggio, C., Panarello, G., Crupi, R., Spano, N.
(2019). Detection of artificial cellulose microfibers in Boops boops from the northern
coasts of Sicily (Central Mediterranean). Science of the Total Environment, 691, 455—
465. https://doi.org/10.1016/j.scitotenv.2019.07.148

Setdld, O., Fleming-Lehtinen, V., & Lehtiniemi, M. (2014). Ingestion and transfer of
microplastics in the planktonic food web. Environmental Pollution, 185, 77-83.
https://doi.org/10.1016/j.envpol.2013.10.013

Steer, M., Cole, M., Thompson, R. C., & Lindeque, P. K. (2017). Microplastic ingestion
in fish larvae in the western English Channel. Environmental Pollution, 226, 250-259.
https://doi.org/10.1016/j.envpol.2017.03.062

Sun, X., Li, Q., Shi, Y., Zhao, Y., Zheng, S., Liang, J., Tian, Z. (2019). Characteristics
and retention of microplastics in the digestive tracts of fish from the Yellow Sea.
Environmental Pollution, 249, 878-885. https://doi.org/10.1016/j.envpol.2019.01.110

Tanaka, K., & Takada, H. (2016). Microplastic fragments and microbeads in digestive
tracts of planktivorous fish from urban coastal waters. Scientific Reports, 6(September),
1-8. https://doi.org/10.1038/srep34351

Tanaka, K., van Franeker, J. A., Deguchi, T., & Takada, H. (2019). Piece-by-piece
analysis of additives and manufacturing byproducts in plastics ingested by seabirds:
Implication for risk of exposure to seabirds. Marine Pollution Bulletin, 145(February),
36-41. https://doi.org/10.1016/j.marpolbul.2019.05.028

Taylor, M. L., Gwinnett, C., Robinson, L. F., & Woodall, L. C. (2016). Plastic microfibre
ingestion by  deep-sea  organisms.  Scientific  Reports, 6(May), 1-9.
https://doi.org/10.1038/srep33997

Terepocki, A. K., Brush, A. T., Kleine, L. U., Shugart, G. W., & Hodum, P. (2017). Size
and dynamics of microplastic in gastrointestinal tracts of Northern Fulmars (Fulmarus
glacialis) and Sooty Shearwaters (Ardenna grisea). Marine Pollution Bulletin, 116(1-2),
143-150. https://doi.org/10.1016/j.marpolbul.2016.12.064

66



Thompson, R. C., Olson, Y., Mitchell, R. P., Davis, A., Rowland, S. J., John, A. W. G.,
Russell, A. E. (2004). Lost at Sea: Where Is All the Plastic? Science, 304(5672), 838.
https://doi.org/10.1126/science.1094559

Valente, T., Sbrana, A., Scacco, U., Jacomini, C., Bianchi, J., Palazzo, L., Matiddi, M.
(2019). Exploring microplastic ingestion by three deep-water elasmobranch species: A
case study from the Tyrrhenian Sea. Environmental Pollution, 253, 342-350.
https://doi.org/10.1016/j.envpol.2019.07.001

Van Franeker, J. A., Bravo Rebolledo, E. L., Hesse, E., ljsseldijk, L. L., Kihn, S.,
Leopold, M., & Mielke, L. (2018). Plastic ingestion by harbour porpoises Phocoena
phocoena in the Netherlands: Establishing a standardised method. Ambio, 47(4), 387-
397. https://doi.org/10.1007/s13280-017-1002-y

Vélez-Rubio, G. M., Teryda, N., Asaroff, P. E., Estrades, A., Rodriguez, D., & Tomas, J.
(2018). Differential impact of marine debris ingestion during ontogenetic dietary shift of
green turtles in Uruguayan waters. Marine Pollution Bulletin, 127(December 2017), 603—
611. https://doi.org/10.1016/j.marpolbul.2017.12.053

Verlaan, M. P., Banta, G. T., Khan, F. R., & Syberg, K. (2019). Abundance of
microplastics in the gastrointestinal tracts of the eelpout (Zoacres viviparous L.) collected
in Roskilde Fjord, Denmark: Implications for use as a monitoring species under the
Marine Strategy Framework Directive. Regional Studies in Marine Science, 32, 100900.
https://doi.org/10.1016/j.rsma.2019.100900

Verlis, K. M., Campbell, M. L., & Wilson, S. P. (2018). Seabirds and plastics don’t mix:
Examining the differences in marine plastic ingestion in wedge-tailed shearwater chicks
at near-shore and offshore locations. Marine Pollution Bulletin, 135(April), 852-861.
https://doi.org/10.1016/j.marpolbul.2018.08.016

Wang, J., Wang, M., Ru, S., & Liu, X. (2019). High levels of microplastic pollution in
the sediments and benthic organisms of the South Yellow Sea, China. Science of the Total
Environment, 651, 1661-1669. https://doi.org/10.1016/j.scitotenv.2018.10.007

Wesch, C., Barthel, A. K., Braun, U., Klein, R., & Paulus, M. (2016). No microplastics
in benthic eelpout (Zoarces viviparus): An urgent need for spectroscopic analyses in
microplastic detection. Environmental Research, 148, 36-38.
https://doi.org/10.1016/j.envres.2016.03.017

67



Wesch, C., Bredimus, K., Paulus, M., & Klein, R. (2016). Towards the suitable
monitoring of ingestion of microplastics by marine biota: A review. Environmental
Pollution, 218, 1200-1208. https://doi.org/10.1016/j.envpol.2016.08.076

White, E. M., Clark, S., Manire, C. A., Crawford, B., Wang, S., Locklin, J., & Ritchie, B.
W. (2018). Ingested Micronizing Plastic Particle Compositions and Size Distributions
within Stranded Post-Hatchling Sea Turtles. Environmental Science and Technology,
52(18), 10307-10316. https://doi.org/10.1021/acs.est.8b02776

Wright, S. L., Thompson, R. C., & Galloway, T. S. (2013). The physical impacts of
microplastics on marine organisms: a review. Environmental Pollution (Barking, Essex :

1987), 178, 483-492. https://doi.org/10.1016/j.envpol.2013.02.031

Xiong, X., Chen, X., Zhang, K., Mei, Z., Hao, Y., Zheng, J., Wang, D. (2018).
Microplastics in the intestinal tracts of East Asian finless porpoises (Neophocaena
asiaeorientalis sunameri) from Yellow Sea and Bohai Sea of China. Marine Pollution
Bulletin, 136(July), 55-60. https://doi.org/10.1016/j.marpolbul.2018.09.006

Zhang, F., Wang, X., Xu, J., Zhu, L., Peng, G., Xu, P., & Li, D. (2019). Food-web transfer
of microplastics between wild caught fish and crustaceans in East China Sea. Marine
Pollution Bulletin, 146(June), 173-182. https://doi.org/10.1016/j.marpolbul.2019.05.061

Zhu, C., Li, D., Sun, Y., Zheng, X., Peng, X., Zheng, K., Mai, B. (2019). Plastic debris in
marine birds from an island located in the South China Sea. Marine Pollution Bulletin,
149(August), 110566. https://doi.org/10.1016/j.marpolbul.2019.110566

Zhu, J., Yu, X., Zhang, Q., Li, Y., Tan, S., Li, D., Wang, J. (2019). Cetaceans and
microplastics: First report of microplastic ingestion by a coastal delphinid, Sousa
chinensis. Science of the Total Environment, 659, 649-654.
https://doi.org/10.1016/j.scitotenv.2018.12.389

Zhu, L., Wang, H., Chen, B., Sun, X., Qu, K., & Xia, B. (2019). Microplastic ingestion
in deep-sea fish from the South China Sea. Science of the Total Environment, 677, 493—
501. https://doi.org/10.1016/j.scitotenv.2019.04.380

68



