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Abstract

Microplastics (MPs) are an emerging
threat to marine ecosystems. One of the pri-
mary environmental risks is their bioavail-
ability for aquatic organisms. Some fish and
bivalves are of particular interest because
their feeding strategies expose them to par-
ticles present in the water column. The aim
of the study was to assess an extraction
method in order to isolate and quantify MPs
from fish gastrointestinal tract (n.8) and
muscle (n.4), and bivalves (n.8) samples.
The accuracy of the method was assessed
through the calculation of the recovery per-
centage in samples spiked with a known
number of MPs using microscopic observa-
tion. Successively, the extraction was pre-
liminarily applied on n.20 mussels collected
from mariculture plants of the Tyrrhenian
and the Adriatic Sea. The results of the
digestion protocol showed an average
extraction yield of 80% in fish gastrointesti-
nal tracts, 90% in fish muscle samples, and
95% in mussels. Preliminary analysis car-
ried out on farmed mussels showed an aver-
age abundance of 3.8 items/individual, and
0.5 items/g of tissue, among those black,
was the most represented color.

Introduction

Microplastics (MPs) as fibers, frag-
ments, spheroids, beads, granules, pellets,
or flakes with a grain size of 0.1-5000 pm,
may result directly from human activity
(primary MPs) or the fragmentation of larg-
er plastic objects (secondary MPs) by
mechanical, biodegradation, and pho-
todegradation in the aquatic ecosystem. The
majority of MPs present in seafood are
composed by polyvinyl chloride (PVC,
plastic coatings for the freight transport and
bottle tops), polyethylene (PE, fishing
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gear), polyethylene terephthalate (PET,
water bottles), polypropylene (PP, from the
fragmentation of soft plastic bags, and food
packaging film) (Avio ef al., 2015; EFSA,
2016; Mercogliano et al., 2020).

When ingested by marine organisms,
MPs may be transferred from one trophic
level to the next of the marine web, leading
to direct physical damage and potential tox-
icity effects. In addition, they may leach
plastic additives, including persistent organ-
ic pollutants and potentially toxic chemicals
adsorbed at higher concentrations than
those found in the surrounding environ-
ment. Pollutants may be transferred and
accumulate in different tissues of organ-
isms, undergoing biomagnification along
the food chain (Barboza et al., 2018;
Mercogliano et al., 2020).

Global contamination of the marine
environment by plastic has led to the discov-
ery of MPs in a range of marine species,
including those for human consumption (Li
et al., 2019). Commercial fish and seafood
represent one of the most important routes
of human exposure through the diet (Silva et
al., 2018). The assessment of the occurrence
of MPs in marine biota and their trophic
transfer is based on plastic isolation and
identification. Methods for characterizing
MPs include several steps as visual identifi-
cation followed by chemical identification
of plastic polymers (Lusher et al., 2017,
Bessa et al., 2019). Visual identification is
allowed after extraction, clean-up, isolation
(or separation) of particles from biological
tissues. The extraction of MPs from the
whole organism or their tissues and the
chemical digestion are crucial steps
(Foekema ez al. 2013; Lusher, 2015). The
percentage of MPs that the method is capa-
ble of extracting from the samples is defined
as recovery efficiency and represents the
accuracy of the method. Conventionally,
visual sorting with the naked eye is used to
identify MPs in the 1-5 mm size range, like
colorful plastic fragments and pre-produc-
tion resin pellets. Stereo- microscopy may
be associated to identify size falls in the hun-
dreds of micron range, and ambiguous plas-
tic-like particles based on data on surface
texture and structure of particles. Analysis
with energy-dispersive X-ray spectroscopy
(EDS) may be also used to provide data on
the MP composition and to identify carbon-
dominant plastics from inorganic particles,
while Scanning electron microscopy (SEM)
can provide clear and high-magnification
images of plastic-like particles, but it is
unable to identify the color of plastic parti-
cles (Shim et al., 2018). Therefore, the
chemical characterization of polymer
defines the composition of the extracted
MPs and may be carried out through Fourier
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transform infrared (FTIR) spectroscopy,
Raman spectroscopy, or thermo-analytical
techniques (Catarino et al., 2017).

In marine organisms of commercial
interest, the ingestion is considered as the
main way to uptake MPs. The feeding
strategies may influence the MP levels, the
type, and the distribution along the marine
food chain. Engraulis encrasicolus is one of
the most selective feeder fish of the
Tyrrhenian and the Adriatic Sea, which may
ingest small planktonic organisms and also
floating MPs (Mercogliano et al., 2020).
Bivalves such as Mytilus galloprovincialis
are of particular interest because their
extensive filter-feeding activity exposes
them directly to MPs present in the environ-
ment. Accumulation and retention of MPs
have been observed in mussels tissues and
organs including foot and mantle. The
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ingested particles may be transferred
towards the marine trophic web when mus-
sels are predated by different marine species
(i.e. carnivorous gastropods, sea breams,
starfish) (Kolandhasamy et al., 2018).
Mussels are also one of the most important
vectors to transfer MPs into the human food
chain (Li et al., 2016). Therefore, these
species may be considered as particularly
good candidates for the assessment of
human exposure to MPs, being often con-
sumed whole, and as indicators for chemi-
cal pollution monitoring worldwide (Digka
et al., 2018; Renzi et al., 2018). However,
the lack of harmonized monitoring proto-
cols and laboratory procedures for MP
analysis makes difficult the comparison of
disposable data on the occurrence of plas-
tics in marine biota and the risk assessment
for human health (Lusher et al., 2017;
Bessa et al., 2019).

The aim of the study was to describe a
method for the extraction and quantification
of MPs in seafood. The accurancy of the
method was evaluated through the micro-
scopic enumeration of MPs in spiked gas-
trointestinal (GI) and muscle samples of E.
encrasiculos and spiked soft tissues of M.
galloprovincialis after the digestion proce-
dure. Then, the validated method was
applied on M. galloprovincialis collected
from mariculture plants of Tyrrhenian and
the Adriatic Sea.

Materials and Methods

Materials

Sodium Chloride, Hydrogen Peroxide
solution 30%, and Potassium hydroxide
were provided by Carlo Erba (Val De Reuil,
France). Cellulose nitrate filters (pore size 8
um) and cellulose acetate filter (pore size
0.45 pm) were purchased from Sartorius
Stedim Biotech (Gottingen, Germany). The
filtrating system was provided by Advantec
(Dublin, CA 94568, USA).

As contamination precaution, all of the
liquid (freshwater, saltwater, and hydrogen
peroxide) was filtered with 0.45 um cellu-
lose acetate filter before use. All containers
and beakers were rinsed three times with
filter water before use to avoid contamina-
tion. Samples were covered by foil paper
during digestion and when not in use.
Filters were covered with glass lids during
observation under a stereomicroscope
(Zeiss 47 50 22 West Germany
Microscope).

Sample collection
In the first step, an extraction protocol
was applied on E. encrasiculos and M. gal-
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loprovincialis samples collected. A blank
extraction group without tissue was per-
formed simultaneously to correct the poten-
tial procedural contamination.

GI tract (n.8 units) and muscle (n.4
units) of anchovies and all soft tissues of
mussels (n.8 units) samples were spiked
with a specific number (4-5 particles/sam-
ple) of virgin plastic particles (PA, PE, and
PP) with different density characteristics. In
brief, after the dissection, fish GI tract and
muscle, and mussel samples were placed on
a Petri dish, and a known number of parti-
cles was added to each sample using tweez-
ers under microscopy observation. The
samples were then put in a glass jar for the
digestion procedure. The number of parti-
cles detected after applying the extraction
procedure was used to calculate the recov-
ery percentage of MPs, which was used to
determine the ability of the digestion
method to isolate MPs in unknown samples.

In the second step, n.20 samples of M.
galloprovincialis (n.5 from Adriatic Coast;
n.5 from Olbia, North-East Sardinia; and
n.10 from the Gulf of Naples, Tyrrhenian
Sea) were collected and analyzed.

Extraction method development

At the time of analysis, the GI tracts of
E. encrasiculos were removed from the
esophagus to the anal sphincter. M. gallo-
provincialis were washed with filtered
water to remove associated debris and then
a small knife was inserted between the two
valves on the dorsal side, cutting the anteri-
or adductor muscle, to open the valves.

According to Foekema et al. (2013) and
Avio et al. (2015), the sample processing
was performed based on a digestion method
to degrade organic matter and enable detec-
tion of MP particles from fish and mussel
tissues. In addition, some modifications
were applied.

The obtained samples were filled with a
10% KOH solution. The amount of KOH
solution added was at least 3 times the vol-
ume of the biological material. The jars
were stored overnight at 50°C in an oven
until the dissolution of the organic material
was observed to be complete.

After the digestion, each sample was
added to 250 ml NaCl prefiltered hyper-
saline solution (1.2 g/cm?), stirred, and
decanted for 10 min. The overlying water
was directly filtered over a pore size of 8
um, 47 mm diameter cellulose nitrate mem-
brane filter using a filtrating system, con-
sisting of filtration glass set, vacuum pump,
manifold, and funnel. Glassware was accu-
rately rinsed to increase the recovery effi-
ciency of litter. The filtration step was car-
ried out twice in order to obtain a better
extraction performance. Then membranes

with retained materials were transferred in a
Petri dish with a 15% H,0, solution for the
partial digestion of residual organic matter
and allowed to dry in oven (50°C,
overnight), before the microscopical obser-
vation. For the accuracy of the method, the
recovery rate (%) of MPs was evaluated
observing the dried filters obtained from the
spiked samples under a stereomicroscope.
The particles were counted and the recovery
rate was expressed as the number of MPs
counted divided by the number of MPs
spiked into the mussel sample.

Sample collection of commercial M.
galloprovincialis

According to Renzi et al. (2018) col-
lected animals were measured to determine
biometrics (maximum length, mm; weight,
2). A representative number of mussels ani-
mals were collected from each tested stock
selecting them from the same size class and
preferring more represented size classes.
Animals from the same size class (n.5 from
Adriatic Coast; n.5 from Olbia, North-East
Sardinia; and n.10 from the Gulf of Naples,
Tyrrhenian Sea) were analyzed individually,
dissected to open valves and weighted.
Bivalves’ length ranged within 5.5-8.7 cm.
Stocks coming from the Adriatic coast and
Gulf of Naples are similar and range respec-
tively within 5.5-7.0 cm and 5.5-6.5 cm.
Specimens from Olbia are larger and they
range within 6.3-8.7. The mean bivalves’
weight was 9.752 g for mussels from Olbia,
and 6.816 and 5.307 g for samples from the
Adriatic Coast and Gulf of Naples, respec-
tively.

Extraction of microplastic from

commercial M. galloprovincialis

Before the application of the digestive
method, whole mussels were stored at
—20°C. At the time of analyses, the samples
were subjected to the extraction method
described before.

The filters were examined under the
stereomicroscope for items resembling
MPs. A visual assessment was applied to
identify the morphotypes of MPs. The
observed particles were counted and classi-
fied by color. In mussel samples particles
abundance was expressed as:

a) average number of particles per individ-
ual in all individuals examined;

b) the average number of particles per indi-
vidual in individuals containing frag-
ments;

c) the average number of particles per gram
of mussel tissue in individuals contain-
ing fragments.

According to Avio et al., 2015, textile
fibers were found only occasionally and
were excluded from the analysis because
they could represent airborne contamination
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from clothing during the sampling or pro-
cessing.

Results

The digestion method applied on E.
engraulicos and M. galloprovincialis sam-
ples showed an average extraction yield of
88%, with the recovery of 80% in fish GI,
90% in fish muscle samples, and 95% in
mussel tissues (Table 1). Under microscope
observation, the characteristcs of the spiked
particles remained intact after the applica-
tion of the extraction procedure, including
the color (yellow for PA, white for PP, and
green for PE particles). In particular, MP
recovery was 95% for PP, 86% for PE, and
80% for PA.

Preliminary results on the analyzed n.
20 farmed M. galloprovincialis showed an
average number of 3.8 items/individual and
0.5 fragments/gram of the analyzed sam-
ples. In musses from the Gulf of Naples, the
average number of fragments per individual
is 4.7, while in those from Olbia and
Adriatic Coast was 3.4 and 2.4, respective-
ly. Black is the most represented color in all
tested stocks (Table 2).

Discussion

The feeding strategy of marine organ-
isms plays an important role in the amounts
of ingested MPs. Filter feeding organisms,
as M. galloprovincialis, can take up higher
amounts of MPs than deposit feeders
(Setdld et al., 2016; Mizraji et al., 2017).
Pelagic fish, as E. Encrasiculos, may ingest
a high number of MPs with higher frequen-
cy than demersal fish (Rummel ez al., 2016;
Gliven et al., 2017). According to literature,
anchovies may filter planktonic organisms
only when they encounter an adequate
patch of prey or when it is energetically
convenient to switch from biting on single
prey to indiscriminate filtering (Borme et
al., 2009).

In the current study, these species were
selected to assess the extraction protocol,
since E. encrasiculos and M. galloprovin-
cialis reflect MP contamination in pelagic
habitats and the coastal water column,
respectively (Mercogliano et al., 2020).
MPs in fish are mostly detected in the stom-
ach and intestine usually removed before
the consumption, reducing consumer expo-
sure. This is not the case of MPs in mussels
soft tissues. Also anchovies may be con-
sumed whole, and the digestive tract may be
eaten leading to human exposure similarly
to bivalves (EFSA, 2016; Digka et al.,
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2018). However, MPs were also detected in
the eviscerated flesh (whole fish excluding
the viscera and gills) of commonly con-
sumed dried fish species, evidencing that
the evisceration does not necessarily elimi-
nate the risk of MPs intake by humans
(Karami et al., 2017).

The tested method revealed a good effi-
ciency with an average extraction yield of
88%, with the highest recovery percentage
in M. galloprovincialis in E. encrasiculos
muscle samples. In the present study, at
least n.4/5 particles were recovered from
the analyzed samples. Only in two samples
of E. encrasiculos GI tract, recoveries were
of 3/5 particles. Other advantages of the
applied digestive method were simplicity,
uniformity in reporting results, and the pos-
sibility to minimize the time of analysis and
associated errors. The applied alkaline
digestion with KOH solution is effective for
hydrolyzing complex biological matrices
such as animal tissue and organs. A compar-
ison of basic and acid digestion processes
shows that alkaline digestion can be used
with a greater range of polymers and pres-
ent a lower risk of chemically modifying or
structurally damaging particulates
(Toussaint et al., 2019). Also the application

_\epress

of H,0, solution on the filters helps to
remove any residual biological tissues (Avio
et al., 2015).

The tested protocol of extraction
showed MP recovery of 95% for PP, 86%
for PE, and 80% for PA. It is possible that
the different recovery rate might be proba-
bly due to the different polymer densities
(Bessa et al., 2019). In fact, these polymers
with different density and floating capacity
along the water column, are among the most
used and widespread in the environment.
New biodegradable films have been synthe-
sized for food packaging (Santonicola et al.,
2017). Nevertheless, most food packaging
materials made of plastics with a carbon-
carbon backbone structure as polymers are
still used. Such polymers have a high poten-
tial to observe significant loading in the
environment (Gomiero et al., 2019).
Moreover, among the different factors influ-
encing the marine pollution, plastic lines
used in the farms may influence the MP
abundance in farmed mussels (Mathalon
and Hill, 2014).

The study was then applied to deter-
mine the occurrence of MPs in M. gallo-
provincialis samples from Tyrrhenian and
the Adriatic Sea. Several studies showed a

Table 1. Microplastic recovery using the digestion method on fish and mussel sample
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Table 2. Microplastics detected in commercial mussels.

S1 Olbia, Italy 6.3 5.52 1 green, 1 orange 2
S2 Olbia, Italy 75 8.26 2 orange, 1 red 3
S3 Olbia, Italy 8.7 14.01 5 orange, 3 black 8
54 Olbia, Italy 8.7 12.89 1 yellow, 2 colorless 3
S5 Olbia, Italy 7.6 10.08 1 red 1
S6 Adriatc coast, Italy 7 8,59 2 black, 2 colorless 4
S7 Adriatc coast, Italy 6,5 6,86 1 black 1
S8 Adriatc coast, Italy 5,5 3,68 1 pink 1
59 Adriatc coast, Italy 7 8,38 2 black 2
S10 Adriatc coast, Italy 7 6,57 4 black 4
Sl Gulf of Naples, Italy 6,3 454 1 blue, 1 red, 1 black 3
S12 Gulf of Naples, Italy 6,5 547 9 black 9
S13 Gulf of Naples, Italy 6 5,19 5 black, 1 colorless 6
514 Gulf of Naples, Italy 5,5 4,58 1 orange, 5 black, 1 grey 7
S15 Gulf of Naples, Italy 5,5 429 3 black, 3 colorless 6
S16 Gulf of Naples, Italy 6,5 5,66 3 colorless 3
S17 Gulf of Naples, Italy 7 5,12 2 black 2
S18 Gulf of Naples, Italy 6 6,11 1 black, 2 colorless 3
S19 Gulf of Naples, Italy 6 5,75 1 black, 1 red 2
520 Gulf of Naples, Italy 6 6,36 3 black, 3 colorless 6
Mean 6.64 6.92 76

strong positive linear relationship between
MP levels in the water and the mussels. As
filter feeders, they have a high capacity of
MP ingestion with the prevalence of small
size items (<1 mm) (Setdld et al., 2016;
Digka et al., 2018; Phuong et al., 2018).

In our study, the highest numbers of
items were detected in the samples S12 (n.9
particles) from the Gulf of Naples and S3
(n.8 particles) from Olbia with the preva-
lence of black and orange particles, respec-
tively. The average number of MPs detected
in bivalves (from 0.2-4.0 items/g) (EFSA,
2016) agrees with our study (0.5 items/g).
MPs were found in M. galloprovincialis
ranging from 1.5 to 7.6 and from 0.77 to
8.22 items/individual from coastal waters of
China (Li ez al., 2016; Qu et al., 2018) and
1.1 to 6.4 items/individual in all individuals
from coastal waters of UK (Li ef al., 2018).
The results agree with literature and suggest
that different distribution of MPs in mussels
might be related to the contamination levels
of the marine areas of origin, where inten-
sive anthropic activities might influence the
pollution. Mussels are considered good
bioindicators of MPs in coastal areas and a
positive linear correlation was observed
between the abundance of MPs in the sur-
rounding water and their tissues (Digka et
al., 2018). According to literature, prelimi-
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nary results on the occurrence of MPs in M.
galloprovincialis suggested widespread
contamination in analyzed mariculture sites
of coastal areas of the Tyrrhenian and the
Adriatic Sea. Anthropogenic activities such
as fisheries, aquaculture, shipping, and
tourism are the primary source of litter con-
tamination of the Mediterranean Sea (Digka
et al., 2018). The MP levels detected in the
supermarket bought mussels from maricul-
ture sites represent a route for human expo-
sure and their quantification should be
included as food safety management meas-
ures (Li et al., 2019).

Conclusions

In the European Union, marine litter is
addressed by one of the 11 Descriptors to
achieve a Good Environmental Status set by
the Marine Strategy Framework Directive
2008/56/EC. Because of the absence of
standard methods and harmonized laborato-
ry procedures for MP analysis, the compar-
ison of disposable data on the occurrence of
plastics in marine biota and the risk assess-
ment for human health remain difficult. To
support this issue, this study presented an
efficient protocol for the extraction and

quantification of MPs from the digestive
tract and muscle of pelagic fish and soft tis-
sues of mussels, and relative recovery effi-
ciency. This protocol might be helpful to
estimate the occurrence of MPs in commer-
cial seafood. Preliminary results on M. gal-
loprovincialis from different mariculture
sites confirmed the wide distribution of
MPs in the Thyrrhenian and the Adriatic
Sea. The extracted particles will be ana-
lyzed through FTIR spectroscopy for chem-
ical characterization of polymer composi-
tion and further analysis will be carried out
on a significant number of mussels from
different mariculture sites to provide data to
assess human exposure to MPs.
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