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Abstract
The ingestion of synthetic microfibers,

the most prevalent type of microplastics in
marine environments, and natural fibers
was assessed in Engraulis engrasicolus and
Mullus barbatus, two commercially impor-
tant fish species in the Mediterranean Sea.
Microfibers were isolated from the fish gas-
trointestinal tract using a 10% potassium
hydroxide solution. For the microfiber char-
acterization, the evaluation of specific mor-
phological features using a light micro-
scope, coupled with the Fourier-transform
infrared (FTIR) analysis of a subsample of
isolated particles, was applied. The prelimi-
nary results showed the occurrence of
microfibers in 53 and 60% of European
anchovy and Red mullet, respectively. A
mean of 6.9 microfibers/individual was
detected in anchovies, while on average
Red mullet samples contained 9.2
microfibers/individual. The most common
colors of fibers in both species were black,
blue, and transparent. Visual characteriza-
tion of fibers allowed the classification of
40% of the items as synthetic microfibers.
FTIR spectroscopy confirmed the visual
classification by fiber morphology.
Microfibers were made of different typolo-
gies of polymers, represented by cellulose,
cotton, and polyester. These findings con-
firm as the wide distribution of fibrous
microplastics, and natural microfibers may
impact both pelagic and deep-sea trophic
webs. Despite the presence of microfibers
in fish species poses a potential risk to
human health, the literature is scarce
regarding studies on the uptake by commer-
cial marine fish mostly due to methodolog-
ical issues. The visual characterization, cor-

roborated by spectroscopic techniques, may
be useful to differentiate synthetic and nat-
ural fibers, representing a fast and easy
method to assess fibrous microplastic pollu-
tion in commercially important fish species.

Introduction
Microplastics (MPs), defined as syn-

thetic particles measuring <5 mm, are ubiq-
uitous in the aquatic environment. Due to
their small size, they can be found at differ-
ent trophic levels such as plankton,
bivalves, and fish which are consumed by
humans. This situation has generated an
increasing concern about the detrimental
effects of bioaccumulation from one trophic
level to another (Mercogliano et al., 2020;
Atamanalp et al., 2021).

MPs taken up by fish can occur by pas-
sive (e.g., gill filtration) or active (i.e.,
ingestion by confusion with prey) mecha-
nisms (Barboza et al., 2020). Once ingest-
ed, MPs can be divided into smaller parti-
cles in the fish’s digestive system and may
be transported to other organs, including
edible fish parts (Wang et al., 2020; Bai et
al., 2022). Microfibers (MFs), the most
prevalent type of MPs observed in the
marine environment, and in the gut of
diverse marine species, are particularly
affected by this phenomenon because they
are thin and may break into smaller pieces
easily (Wang et al., 2021; Atamanalp et al.,
2021).

MFs may be considered secondary MPs
because they are mainly released by syn-
thetic garments after washing, but not used
directly in applications (Gago et al., 2018).
Domestic sewers, and wastewater treatment
plants represent the main pathways of tex-
tile MFs in the marine ecosystem
(Hernandez et al., 2017). Considering that
the use and the production of synthetic tex-
tiles (e.g. polyester) continue to grow, the
problem of MFs released into the environ-
ment may increase in the future (Avio et al.,
2020). Moreover, many MFs may be
formed directly in the ocean by the degrada-
tion of abandoned ropes derived from fish-
eries (Hope et al., 2020).

Recent studies have also revealed the
presence of a considerable number of natu-
ral MFs in the marine environment (Li et
al., 2022), as well as most of the fibers iso-
lated in different fish species from the
Mediterranean Sea were of natural origin
(74% cotton) (Avio et al., 2020). These par-
ticles have also become a matter of concern,
due to the leaching of adsorbed pollutants
and additives which enter the food web,
leading to humans (Capone et al., 2020).
Owing to these reasons, a few researchers

have pointed to the need of placing impor-
tance on MF pollution issues for natural
fibers as well (Acharya et al., 2021).

Even though the occurrence of MFs in
commercially important fish species poses a
potential risk to human health, the literature
is scarce regarding studies on the uptake by
commercial marine fish (Atamanalp et al.,
2021). The available results show variable
percentages of ingestion according to the
feeding habits, habitat, and trophic level of
the species considered, and to the different
anthropogenic pressures that could impact
the sampling area (Capone et al., 2020;
Giani et al., 2019). In addition to these fac-
tors, both the adoption of different laborato-
ry extraction techniques from fish tissues
and the characterization procedures of iso-
lated plastic particles could hamper a direct
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comparison of the results (Giani et al.,
2019). There is a lack of consistency in
sampling and extraction techniques used to
quantify MPs, and MFs, due to their special
characteristics, are even more affected
(Gago et al., 2018). Methodologies ensur-
ing minimal contamination are essential to
obtain an accurate evaluation of their con-
centration in the environment and in fish
samples. Consequently, some authors
excluded MFs from the results because of
the risk of airborne contamination
(Foekema et al., 2013; Torre et al., 2016),
but this may underestimate the real MP con-
tamination (Acharya et al., 2021; Giani et
al., 2019). 

Whilst the common procedures
employed for the extraction of MPs in bio-
logical samples have also been able to iso-
late natural MFs, at the same time Fourier-
transform infrared (FTIR) spectroscopy,
used for chemical characterization, is a
technique expensive and time-consuming to
detect a so huge number of particles
(Acharya et al., 2021). Considering the
above, the aim of the work was to enhance
a rapid method for the assessment of MF
pollution in fish species focused on the
evaluation of specific morphological fea-
tures through microscopy observation, cou-
pled with FTIR analysis of a subsample of
MF particles. For this purpose and consider-
ing that MFs may interact with plankton
and sediments, two fish species were select-
ed to represent pelagic (Engraulis engrasi-
colus) and benthic (Mullus barbatus) popu-
lations, and also to include species of eco-
nomic importance in the Mediterranean
Sea.

Materials and methods

Materials
Sodium Chloride, Hydrogen Peroxide

solution 30% and potassium hydroxide
(KOH) were purchased from Carlo Erba
(Val De Reuil, France). Cellulose nitrate
(pore size 8 μm) and acetate (pore size 0.45
μm) filters were provided by Sartorius
Stedim Biotech (Gottingen, Germany). The
filtrating system was provided by Advantec
(Dublin, CA 94568, USA).

Fish sampling
A total of 30 fish samples from 2 com-

mercial fish species (n. 15 E. engrasicolus,
n.15 M. barbatus) sold for human consump-
tion were collected from fish markets locat-
ed in Campania Region, Italy. The
anchovies were sampled during summer
(July-September 2020), while Red Mullets
were collected in autumn (October-
November 2020). The sampling period was
chosen considering the fish species’ season-
al patterns. During summer (spawning peri-
od) due to the energy needs of anchovies to
accomplish their reproduction, larger preys
are ingested (Bacha and Amara, 2009), and
fish show the fastest growth rates (Capone
et al., 2020). The Red Mullet reproductive
season extends from May to July–August,
but in this species, fish are in their best con-
dition in autumn (Özbilgin et al., 2011),
which corresponds also to the period of
maximum recruitment (Carbonara et al.,
2015).

Fish were from the same fishing area
(FAO area 37, subarea 37.1, division
37.1.3), as stated on the labels. All the fish
were purchased whole, after ascertaining
the skin integrity, and then wrapped in alu-
minum foils directly in-store. The samples
were transported to the laboratory where the
biological parameters [total length of the
sample (cm), and weight (g)] were recorded
after assigning an identification code to
each specimen. Then the samples were
stored at −20°C until further laboratory
analysis.

Microfiber extraction
Special care was taken to prevent sam-

ple contamination during dissection, extrac-
tion, sorting, and visual identification. All
the liquids (freshwater, saltwater, and
hydrogen peroxide solution) were filtered
through cellulose acetate membranes (pore
size 0.45 μm) before use. Cotton laboratory
coats were worn and all material and work-
ing surfaces were cleaned three times with
filtered water before use and between sam-
ples. For the correction of potential proce-
dural contamination, one blank control
without any tissue was carried out for every
sample group (5-6 individuals) (Santonicola
et al., 2021).

At the time of analysis, each fish was
defrosted at room temperature and washed
with previously filtered water. The gastroin-
testinal tract (GIT) of each fish from the
oesophagus to the end of the intestine was
removed and weighed. The protocol of

Santonicola and co-workers published in
2021 (sample digestion with 10% of KOH
solution 1/3 v.v. and incubation at 45°
overnight, followed by density separation
using a saturated saline solution, filtration
through 8 μm pore size membranes, and fur-
ther digestion with a 15% H2O2 solution)
was adopted for the MF extraction from
biological tissues.

The filter membranes were previously
inspected using a light microscope (LEICA
M205C) with a magnification of 0.78–16x.
Potential synthetic fibers were classified
from natural according to some morpholog-
ical characteristics and counted (Figure 1).
In addition, the micrographs of some MFs
both natural (e.g., wool, cotton) and syn-
thetic (e.g., polyester, polyamide) were used
as references during the observation under
the microscope (Volgare et al., 2022).

MF counts within each blank, catego-
rized by morphology, were subtracted from
the counts of each associated sample.

Fourier-transform infrared analyses
The spectroscopic analyses, using a

FTIR microscope (FTIR Thermo Scientific
iN10), were applied to corroborate the visu-
al identification. N. 2 samples of European
anchovy and n. 2 samples of Red Mullet
(13.3% of the total samples), which con-
tained fibers representative of each morpho-
logical pattern identified through the optical
method, were selected.

Due to the fact that the cellulose filters
on which MFs were isolated generated
interference during spectrum acquisition,
for the FTIR analyses, the sample was sus-
pended in an ethanol solution, by washing
the filter, and transferred on a potassium
bromide support.

All the measures were made using
transmission mode. Following background
scans, n. 64 scans were performed for each
particle, with a resolution of 4 cm-1.
OMNIC™ Specta Software was used for
the output spectra and the identification of
polymers was performed by comparison
with spectra libraries. Polymers matching
with reference spectra for more than 70%
were validated (Bour et al., 2018).

Results
The biometric data related to fish sam-

ples are reported in Table 1.

                             Article

Table 1. Mean weight and length, and gastrointestinal tract weight of E. engrasicolus and M. barbatus samples.

                                                         Mean weight (g) ± SD                          Mean length (cm)± SD                         GIT weight (g) ± SD

European anchovy (n. 15)                                          10.3±2.08                                                                  10.94±0.52                                                               0.9±0.26
Red mullet (n.15)                                                      36.64±10.01                                                                 12.05±0.9                                                               2.14±0.81
SD, standard deviation; GIT, gastrointestinal tract.
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The preliminary results showed the
occurrence of MFs in 53 and 60% of
European anchovy and Red mullet, respec-
tively. A mean of 6.9 MFs/individual was
detected in anchovies, of which 46% of the
specimens contained more than one MF.
Regarding Red mullet samples, higher MF
levels than anchovies were detected, with a
mean number of 9.2 MFs/individual. 53%
of the samples showed more than one MF in
the GIT. However, this preliminary stage,
due to the limited number of samples, did

not allow highlighting of significant differ-
ences among species, nor a correlation
between the size of the specimens and the
number of MFs.

The most common colors of fibers in
anchovies were black (38%), blue (37%),
and transparent (11%). Similarly, blue
(41%), black (21%), and transparent (10%)
fibers were the most abundant in Red mul-
lets. Visual characterization of fibers by
typologies allowed the classification of
40% of the items as synthetic MFs. FTIR

spectroscopy corroborated the correct visu-
al classification by fiber morphology,
allowing to identify different typologies of
polymers, represented by cellulose, cotton
and polyester (Figure 2). However, the
number of MFs examined to confirm the
optical microscopy identification (Zhu et
al., 2019; Volgare et al., 2022) was not rep-
resentative of the total MFs in the samples
and, therefore, it is not possible to indicate
the % for the different types of polymers
identified.

                                                                                                                              Article

Figure 2. µ-fourier-transform infrared spectra of natural (A- cellulose, B- cotton) and synthetic (C- polyester) microfibers recovered
from E. engrasicolus, and M. barbatus, from the Tyrrhenian Sea.

Figure 1. Optical microscope images of microfiber found in the guts of M. barbatus (synthetic microfiber) and E. engrasicolus (natural
microfiber): description of general appearance of each microfiber typology.
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Discussion
In the current study, the evaluation of

MF pollution in fish species collected from
fish market, showed the occurrence of
fibrous MPs and natural fibers both in
anchovies and Red Mullet samples at levels
and frequencies of ingestion higher than
those observed in previous studies for other
MPs (Avio et al., 2020). Several research on
MP pollution were focused exclusively on
plastic fragments, underestimating the num-
ber of total MPs in fish. Recently, more
attention has been dedicated to the study of
MF contamination showing as fibers may
impact a high proportion of Mediterranean
fish species, including those for human con-
sumption (Giani et al., 2019; Rodríguez-
Romeu et al., 2020; Santonicola et al.,
2021; Volgare et al., 2022).

In this respect, in the current study were
selected species (E. engrasicolus, M. barba-
tus) of high commercial value, in addition
to being among proposed indicators for
MPs in the Mediterranean Sea, due to their
wide spatial distribution, habitat, and feed-
ing strategies, as well as documented MP
ingestion (Fossi et al., 2018; Capó et al.,
2022). In particular, the European anchovy
is a commercially important fish species,
which may be involved in MF ingestion and
transfer of adsorbed toxic compounds to
higher consumers, such as humans, consid-
ering that small individuals may be eaten
without removing the GIT (Capone et al.,
2020; Santonicola et al., 2021). This species
may represent the prey of other fish, such as
Bluefin tuna (Collard et al., 2017), with
potential MF transfer from one trophic level
to another (Mercogliano et al., 2020).
Moreover, anchovies may be used in the
production of fishmeal for farmed fish,
leading to MF contamination of aquaculture
systems and the exposure of organisms for
human consumption (Collard et al., 2017;
Thiele et al., 2021).

E. encrasicolus from the western
Mediterranean Sea showed the prevalence
of MFs in their GIT (Rios-Fuster et al.,
2019; Capone et al., 2020), and according
to our result, dark colors dominated over
transparent ones, indicating a lack of selec-
tivity during MF ingestion (Capone et al.,
2020). The occurrence of fibrous MPs was
also assessed in anchovies from western
Indonesia and South African waters, where
fibers accounted, respectively, for 50.28 and
80% of ingested MPs (Ningrum and Patria,
2022; Bakir et al., 2020).

Similarly, M. Barbatus (Linnaeus,
1758), is an important fishery resource in
the Mediterranean Sea. In this species, that
swallow sediment together with the prey,
the risk of accidentally ingesting plastic

may be high (Giani et al., 2019). Moreover,
recent modelling of the MP distribution
along the water column indicates that bio-
logical factors combined with physical and
chemical ocean processes can cause MFs to
sink to the seafloor (Compa et al., 2018).
This fact could explain why the Red Mullet,
being a demersal species, showed a higher
level of contamination than anchovies.

60% of M. barbatus samples contained
MFs, but the frequency of MP ingestion
varies greatly between different studies, as
reported for the Turkish (42%), Greek
(32%), Spanish (19%) Mediterranean
coasts and for the Adriatic Sea (64%) (Avio
et al., 2015; Bellas et al., 2016; Digka et al.,
2018; Giani et al., 2019; Güven et al.,
2017). Differences in particle ingestion
among studies on the same species could be
due to the contamination levels of study
areas, and also to the different analytical
protocols (Digka et al., 2018). The variabil-
ity among results seems to suggest the
requirement of standardized and harmo-
nized protocol to make the research compa-
rable, given that several of the available
studies explicitly excluded the content of
MFs due to methodological issues (Giani et
al., 2019). Furthermore, the FTIR analysis
may be time-consuming and labor-intensive
to detect a so huge number of particles
(Volgare et al., 2022). In this context, an
accurate visual approach may be a fast and
easy method to assess MF pollution in fish
samples, allowing to discriminate between
distinct fiber types using different morpho-
logical parameters (Robertson et al., 2017;
Rodríguez-Romeu et al., 2020). The study
of the use of surface morphology to provide
evidence of fiber type is an emerging
research field (Zhu et al., 2019; Rodríguez-
Romeu et al., 2020). Synthetic MFs usually
have a smooth surface and cylindrical
shape, while MFs did not have a uniform
diameter, twisting and irregular termination
are of natural origin (Volgare et al., 2022).
The MF surface morphologies are a direct
result of how they were made. Polyester is
generally thinned by drawing it out to sev-
eral times its length, thus the fibers are long
and smooth. On the other hand, animal hair
(e.g., wool) grows in segments similar to
overlapping scales (Zhu et al., 2019).
According to the visual classification, our
results showed that 60% of the MFs in the
GIT of E. engrasicolus and M. barbatus
were natural fibers. The µ-FTIR analyses of
a subsample of fibers corroborated the cor-
rect visual classification by MF morpholo-
gy, allowing to identify different polymers
such as cellulose, cotton and polyester.
Cellulosic fibers are dominant over synthet-
ic polymers in some marine environments
due to the wide use of cellulose based mate-

rials in different human activities, like fish-
eries, industrial laundries, civil engineering
(geo-textiles), agriculture, garments, and
furniture (Cole et al., 2011; Sanchez-Vidal
et al., 2018; Rodríguez-Romeu et al., 2020).
Studies showed as most of the MFs in the
Mediterranean Sea, Western Indian Ocean,
North Atlantic and South Atlantic Oceans
are cellulose fibers (79.5%) (Li et al.,
2022). Cellulosic MFs were also the most
abundant ingested debris in different com-
mercial fish species (Galeus melastomus,
Boops boops, Trigla Lyra) (Alomar and
Duodero, 2017; Savoca et al., 2019; Capillo
et al., 2020). However, because cellulose is
presumably biodegradable, cellulosic MFs
have been considered innocuous and the
potential risk posed by their release has
been overlooked. It should be considered
that also natural MFs are exposed to several
chemicals, such as dyes and finishes, during
the textile manufacturing process that might
be more readily released from these fibers
than from synthetic ones (Acharya et al.,
2021). Similarly, cotton MFs are
widespread in the marine environment.
Cotton is the most important natural textile
fiber in terms of production and consump-
tion in the global textile market, and is sec-
ond only to polyester, which is the predom-
inant synthetic textile fiber, and the most
abundant MFs released during the washing
of clothes (Sillanpaa and Sainio, 2017;
Acharya et al., 2021). It was estimated that
more than 600,000 fibers may be released in
a usual 5 kg wash load of polyester textiles
(De Falco et al., 2018). As a result of the
extensive use of these synthetic textiles and
the absence of proper treatment techniques,
the marine environment, and food resources
are becoming overburdened with these
micropollutants (Mishra et al., 2019).

In this context, it has been considered
the possibility to evaluate synthetic and nat-
ural textile fibers separately from other MPs
to make more consistent comparisons
across different investigations, and the cate-
gorization based on the particle origin (Avio
et al., 2020). At this time, the ecotoxicolog-
ical effects of MPs on marine organisms
have already been evaluated in several stud-
ies, but the knowledge of the risks associat-
ed to the ingestion of textile MFs is still lim-
ited (Avio et al., 2020). The exposure to
MFs in marine biota may cause physical
damages such as blockage in the gut, segre-
gation of digestive enzymes, low absorption
of nutrients, disruption of the endocrine sys-
tem, reproductive impairment, and distur-
bance in the body functions including respi-
ration (Acharya et al., 2021). However, the
biological effects could vary depending on
the species and environmental conditions,
and also due to the differences in size and
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shape of MFs that could influence the
translocation among tissues (Li et al.,
2022). Therefore, also the human exposure
through seafood consumption, the transfer
of MFs into the human body, and the impact
on consumer health need to be deeply
investigated (Bai et al., 2022). To date, the
available data is not sufficient to make a
reliable assessment of the risks to human
health. In this respect, it is important to
acquire further information on the occur-
rence of these particles in fishery products
to better understand the effects that also
food processing could have on MP contam-
ination (Alberghini et al., 2023).

Conclusions
The occurrence of fibrous MPs and nat-

ural MFs was assessed in E. engrasicolus,
and M. barbatus, two commercially impor-
tant fish species in the Mediterranean Sea.
The preliminary findings showed the occur-
rence of MFs at levels higher than those
observed for MPs in previous studies.
Several research excluded MFs due to
methodological issues. However, consider-
ing the wide MF distribution in the marine
environment, and the particle characteris-
tics that increase the risk after ingestion of
MF translocation from the GIT to the edible
tissues, their presence in commercial fish
species should be deeply investigated. In
this light, the applied visual approach, cou-
pled with FTIR analysis of a subsample of
MF particles, was proved to be useful in
classifying synthetic MFs from natural
ones, providing a fast and easy method to
assess MF contamination along the marine
food web.

References
Acharya S, Rumi SS, Hu Y, Abidi N, 2021.

Microfibers from synthetic textiles as a
major source of microplastics in the
environment: A review. Text Res J
91:2136-56.

Alberghini L, Truant A, Santonicola S,
Colavita G, Giaccone V, 2023.
Microplastics in Fish and Fishery
Products and Risks for Human Health:
A Review. Int J Environ Res Public
Health 20:789.

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. Environ Pollut
223:223-9.

Atamanalp M, Köktürk M, Uçar A, Duyar

HA, Özdemir S, Parlak V, Alak G,
2021. Microplastics in tissues (brain,
gill, muscle and gastrointestinal) of
Mullus barbatus and Alosa immaculata.
Arch Environ Contam Toxicol 81:460-
9.

Avio CG, Gorbi S, Regoli F, 2015.
Experimental development of a new
protocol for extraction and characteriza-
tion of microplastics in fish tissues: first
observations in commercial species
from Adriatic Sea. Mar Environ Res
111:18-26.

Avio CG, Pittura L, d’Errico G, Abel S,
Amorello S, Marino G, Regoli F, 2020.
Distribution and characterization of
microplastic particles and textile
microfibers in Adriatic food webs:
General insights for biomonitoring
strategies. Environ Pollut 258:113766.

Bacha M, Amara R, 2009. Spatial, temporal
and ontogenetic variation in diet of
anchovy (Engraulis encrasicolus) on the
Algerian coast (SW Mediterranean).
Estuar Coast Shelf Sci 85:257-64.

Bai CL, Liu LY, Hu YB, Zeng EY, Guo Y,
2022. Microplastics: A review of ana-
lytical methods, occurrence and charac-
teristics in food, and potential toxicities
to biota. Sci Total Environ 806:150263.

Bakir A, Van der Lingen CD, Preston-
Whyte F, Bali A, Geja Y, Barry J, Maes
T. 2020. Microplastics in commercially
important small pelagic fish species
from South Africa. Front Mar Sci
7:574663.

Barboza LGA, Lopes C, Oliveira P, Bessa F,
Otero V, Henriques B, Guilhermino L,
2020. Microplastics in wild fish from
Northeast Atlantic Ocean and its poten-
tial for causing neurotoxic effects, lipid
oxidative damage, and human health
risks associated with ingestion expo-
sure. Sci Total Environ 717:134625.

Bellas J, Martínez-Armental J, Martínez-
Cámara A, Besada V, Martínez-Gómez
C, 2016. Ingestion of microplastics by
demersal fish from the Spanish Atlantic
and Mediterranean coasts. Mar pollut
Bull 109:55-60.

Capillo G, Savoca S, Panarello G, Mancuso
M, Branca C, Romano V, Spanò N,
2020. Quali-quantitative analysis of
plastics and synthetic microfibers found
in demersal species from Southern
Tyrrhenian Sea (Central
Mediterranean). Mar pollut Bull
150:110596.

Capó X, Morató M, Alomar C, Rios-Fuster
B, Valls M, Compa M, Deudero S,
2022. A Biomarker Approach as
Responses of Bioindicator Commercial
Fish Species to Microplastic Ingestion:
Assessing Tissue and Biochemical

Relationships. Biology 11:1634.
Capone A, Petrillo M, Misic C, 2020.

Ingestion and elimination of anthro-
pogenic fibres and microplastic frag-
ments by the European anchovy
(Engraulis encrasicolus) of the NW
Mediterranean Sea. Mar Biol 167:1-15.

Carbonara P, Intini S, Modugno E,
Maradonna F, Spedicato MT, Lembo G,
Carnevali O, 2015. Reproductive biolo-
gy characteristics of red mullet (Mullus
barbatus L., 1758) in Southern Adriatic
Sea and management implications.
Aquat Living Resour 28:21-31.

Cole M, Lindeque P, Halsband C, Galloway
TS, 2011. Microplastics as contami-
nants in the marine environment: a
review. Mar pollut Bull 62:2588-2597.

Collard F, Gilbert B, Compère P, Eppe G,
Das K, Jauniaux T, Parmentier E, 2017.
Microplastics in livers of European
anchovies (Engraulis encrasicolus, L.).
Environ Pollut 229:1000-5.

Compa M, Ventero A, Iglesias M, Deudero
S, 2018. Ingestion of microplastics and
natural fibres in Sardina pilchardus
(Walbaum, 1792) and Engraulis encra-
sicolus (Linnaeus, 1758) along the
Spanish Mediterranean coast. Mar
Pollut Bull 128:89-96.

De Falco F, Gullo MP, Gentile G, Di Pace
E, Cocca M, Gelabert L, Avella M,
2018. Evaluation of microplastic
release caused by textile washing
processes of synthetic fabrics. Environ
Pollut 236:916-25.

Digka N, Tsangaris C, Torre M,
Anastasopoulou A, Zeri C, 2018.
Microplastics in mussels and fish from
the Northern Ionian Sea. Mar Pollut
Bull 135:30-40.

Foekema EM, De Gruijter C, Mergia MT,
van Franeker JA, Murk AJ, Koelmans
AA, 2013. Plastic in North Sea fish.
Environ Sci Technol 47:8818-24.

Fossi MC, Pedà C, Compa M, Tsangaris C,
Alomar C, Claro F, Baini M, 2018.
Bioindicators for monitoring marine lit-
ter ingestion and its impacts on
Mediterranean biodiversity. Environ
Pollut 237:1023-40.

Gago J, Carretero O, Filgueiras AV, Viñas
L, 2018. Synthetic microfibers in the
marine environment: A review on their
occurrence in seawater and sediments.
Mar Pollut Bull 127:365-76.

Giani D, Baini M, Galli M, Casini S, Fossi
MC, 2019. Microplastics occurrence in
edible fish species (Mullus barbatus and
Merluccius merluccius) collected in
three different geographical sub-areas
of the Mediterranean Sea. Mar Pollut
Bull 140:129-37.

Güven O, Gökdağ K, Jovanović B, Kıdeyş

                                                                                                                              Article

Non
-co

mmerc
ial

 us
e o

nly



[page 50]                                                  [Italian Journal of Food Safety 2023; 12:11032]

AE, 2017. Microplastic litter composi-
tion of the Turkish territorial waters of
the Mediterranean Sea, and its occur-
rence in the gastrointestinal tract of fish.
Environ Pollut 223:286-94.

Hernandez E, Nowack B, Mitrano DM,
2017. Polyester textiles as a source of
microplastics from households: a mech-
anistic study to understand microfiber
release during washing. Environ Sci
Technol 51:7036-46.

Hope JA, Coco G, Thrush SF, 2020. Effects
of polyester microfibers on microphyto-
benthos and sediment-dwelling infauna.
Environ Sci Technol 54:7970-82.

Li Y, Lu Q, Xing Y, Liu K, Ling W, Yang J,
Zhao D, 2022. Review of research on
migration, distribution, biological
effects, and analytical methods of
microfibers in the environment. Sci
Total Environ 158922.

Mercogliano R, Avio CG, Regoli F,
Anastasio A, Colavita G, Santonicola S,
2020. Occurrence of microplastics in
commercial seafood under the perspec-
tive of the human food chain. A review.
J Agric Food Chem 68:5296-301.

Mishra S, charan Rath C, Das AP, 2019.
Marine microfiber pollution: a review
on present status and future challenges.
Mar Pollut Bull 140:188-97.

Ningrum EWN, Patria MP, 2022.
Microplastic contamination in
Indonesian anchovies from fourteen
locations. Biodiversitas 23.

Özbilgin H, Tosunoğlu Z, Tokaç A, Metin
G, 2011. Seasonal variation in the trawl
codend selectivity of red mullet (Mullus

barbatus). Turkish J Fish Aquat Sci
11:191-8.

Rios-Fuster B, Compa M, Alomar C,
Fagiano V, Ventero A, Iglesias M,
Deudero S, 2022. Ubiquitous vertical
distribution of microfibers within the
upper epipelagic layer of the western
Mediterranean Sea. Estuar Coast Shelf
Sci 266:107741.

Robertson J, Roux C, Wiggins KG, 2017.
Forensic Examination of Fibres. Third
edition. Taylor & Francis Group, Boca
Raton, Florida.

Rodríguez-Romeu O, Constenla M,
Carrassón M, Campoy-Quiles M, Soler-
Membrives, A, 2020. Are anthro-
pogenic fibres a real problem for red
mullets (Mullus barbatus) from the NW
Mediterranean? Sci Total Environ
733:139336.

Sanchez-Vidal A, Thompson RC, Canals M,
De Haan WP, 2018. The imprint of
microfibres in southern European deep
seas. PloS one 13:e0207033.

Santonicola S, Volgare M, Di Pace E, Cocca
M, Mercogliano R, Colavita G, 2021.
Occurrence of potential plastic
microfibers in mussels and anchovies
sold for human consumption:
Preliminary results. Ital J Food Saf 10.

Savoca S, Capillo G, Mancuso M, Bottari T,
Crupi R, Branca C, Spanò N, 2019.
Microplastics occurrence in the
Tyrrhenian waters and in the gastroin-
testinal tract of two congener species of
seabreams. Environ Toxicol Pharmacol
67:35-41.

Sillanpaa M, Sainio P, 2017. Release of

polyester and cotton fibers from textiles
in machine washings. Environ Sci
Pollut Res 24:19313-21.

Thiele CJ, Hudson MD, Russell AE,
Saluveer M, Sidaoui-Haddad G, 2021.
Microplastics in fish and fishmeal: an
emerging environmental challenge? Sci
rep 11:1-12.

Torre M, Digka N, Anastasopoulou A,
Tsangaris C, Mytilineou C, 2016.
Anthropogenic microfibers pollution in
marine biota. A new simple methodolo-
gy to minimize airborne contamination.
Mar Pollut Bull 113:55-61.

Volgare M, Santonicola S, Cocca M, Avolio
R, Castaldo R, Errico ME, Gentile G,
Raimo G, Gasperi M, Colavita G, 2022.
A versatile approach to evaluate the
occurrence of microfibers in mussels
Mytilus galloprovincialis. Sci Rep 12:1-
10.

Wang Q, Zhu X, Hou C, Wu Y, Teng J,
Zhang, 2021. Microplastic uptake in
commercial fishes from the Bohai Sea.
China. Chemosphere 263:127962.

Wang S, Zhang C, Pan Z, Sun D, Zhou A,
Xie S, 2020. Microplastics in wild
freshwater fish of different feeding
habits from Beijiang and Pearl River
Delta regions, south China.
Chemosphere 258:127345.

Zhu X, Nguyen B, You JB, Karakolis E,
Sinton D, Rochman, C, 2019.
Identification of microfibers in the envi-
ronment using multiple lines of evi-
dence. Environ Scie Technol 53:11877-
11887.

                             Article

Non
-co

mmerc
ial

 us
e o

nly




