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1 Introduction

Microplastics have been considered to be dangerous for aquatic organisms’ health
(Alomar et al. 2017). Indeed, their accumulation by ingestion can lead to increased
exposure to pollutants and pathogens, and effects on physiological activities linked to
nutrient uptake, growth and survival (Browne et al. 2011; Sussarellu et al. 2016;
Fendall and Sewell; 2009; Van Cauwenberghe and Janssen; 2014). Von Moos et al.
(2012) studied the effect of exposure and ingestion of microplastics (� 80 lm) in Blue
mussel (Mytilus edulis, Linnaeus, 1758). These authors reported that the smallest
particle sizes were accumulated in gills and digestive gland with a consequent strong
inflammatory response and a lysosomal membrane destabilization. Unfortunately, no
information on excretion was provided by these authors and conclusions on the fate of
the larger particles cannot be made. Van Cauwenberghe and Janessen (2014), inves-
tigated the presence of different microplastics particles (size class 5–10, 11–15, 16–20,
21–25, >25 lm) in farmed blue mussel and Pacific oyster, showing that these were
present in both species at concentration of 0.36 ± 0.07 particles g−1 and 0.47 ± 0.16
particles g−1 soft tissue, respectively. The same authors also depurated animals from
the same batches for 72 h observing a significant reduction in the abundance of
microplastics, concluding that although depuration was an effective procedure, the
consumption of farmed bivalves could potentially represent a risk to consumers’ health.

The first aim of this present study was to investigate the adult oysters’ egestion
dynamics after exposure to known concentration of microplastics under controlled
conditions. Moreover, previous studies have so far used microplastics of sizes com-
parable to phytoplankton cells. However, in the marine environment, microplastics are
present in sizes often larger than microalgae cells and there are evidence suggesting that
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bivalves could potentially up-take particles as large as 500 lm (O’Donohe and
McDeromtt 2014). Still, no information on the ability of oysters to uptake, retain and
egest larger particles is currently available. Consequently, the second aim of this study
was to determine whether larger particles had the potential to remain in the marketable
product post depuration by employing sizes larger than those commonly used in pre-
vious microplastics absorption studies. The size classes of 100 ± 7.42, 250 ± 23.2
and 500 ± 52,34 lm were chosen because Van Cauwenberghe and Janssen (2014),
found that Crassostrea gigas reared in the Atlantic Ocean (average shell length of
9.0 ± 5.0 cm), showed a prevalence of microplastics size >25 lm, and because
studies on mussels and Pacific oysters so far were focused only on microplastics of a
size comparable to phytoplankton or in general at size between 0.5 and 90 lm
(Sussarellu et al. 2016; Cole and Galloway 2015; Van Cauwenberghe et al. 2015;
Farrell and Nelson 2013; Browne et al. 2008; Von Moos et al. 2012), without taking in
to account that in the marine environment microplastics are present in different sizes
and adults’ Pacific oysters can uptake larger size microplastics from the environment.

2 Materials and Methods

Pacific oysters (20 oysters 85 ± 2.3 g/ind.) were collected from a farm in the San
Teodoro Lagoon (Italy) (40°48’39.18’’N, 9°40’24.42’’E), and kept in a cold box until
arrival to the laboratory. For the purpose of this study, oysters were individually
deployed in 20 glass spherical aquariums of 1.5 L, filled with filtered sea water.
Preliminary trials were performed to determine both the level of aeration required and
the most suitable type of microplastics polymer. For this purpose, three polymers of the
following densities were tested: polystyrene 1.04–1.1 g/cm3; polyamide 1.12–
1.15 g/cm3; polycarbonate 1.20–1.22 g/cm3 (Avio et al. 2016; Enders et al. 2015).
With the aim to keep the microplastics beads suspended in the water column to
maximise their chances to be filtered by the oysters, batches of 30 microplastics per
polymer were deployed to an experimental tank and aeration was adjusted by a valve.
Once the appropriate aeration was identified by observing the microplastics distribution
on the water column, the ability of the chosen polymer to withstand the tissue digestion
procedure (Li et al. 2015) was tested. This was conducted using a sterile container
containing soft tissues of 3 Pacific oysters (80 ± 3.5 g/ind.) plus 9 plastic beads per
size class (100 ± 7.42, 250 ± 23.2 and 500 ± 52,34 lm) of the microplastics chosen
for the study (3 replicates). The soft tissue was covered with hydrogen peroxide 15%,
this was added until the oyster was completely digested (Avio et al. 2016). Once the
oysters were digested the remaining solution was filtered using 47 mm Whatman GF/F
filters (0.6–0.8 lm) and then analysed under the dissecting microscope (Leica Mz8).

The experiment was carried out in 2 parts: 24 h exposure (Cole and Galloway
2015) and 72 h depuration (Van Cauwenberghe and Janessen 2014). During the first
24 h experimental individuals (n = 20) were individually exposed to 30 microplastic
particles of each size (100, 250 and 500 lm) with a density of 60 particles per litre.
This particles density despite being higher than the ones commonly reported in sea
water (De Lucia et al. 2014) was chosen for analytical and practical reasons. The
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oysters collected after exposure were transferred to a new tank, again filled with 1.5 L
of filtered sea water. Aeration was not supplied in order to avoid faeces and pseudo-
faeces mixing. The water left in the tanks during the 24, 48 and 72 h after exposition,
was filtered and beads counted using the same procedure described above. Finally, at
the end of the trial (72 h after exposure) oysters were collected from the experimental
tanks and externally washed and dissected taking care that the water contained in the
shell cavity was stored in a plastic tray. The digestive gland, gills and mantle of each
oyster were dissected, washed and placed in labelled sterile containers. The water
contained in the shell and the water used to wash the tissues was collected and filtered
as described previously. All dissected tissues of each individual were digested using
hydrogen peroxide 15%, at room temperature of 22 °C for 7 days, and the resulting
digestate was filtered.

3 Results and Discussion

3.1 Results

At the end of the 24 h exposure, the uptake (% of missing beads) of the different sizes
(100, 250 and 500 lm), was 19.4 ± 1.1%, 19.4 ± 2% and 12.9 ± 2% respectively.
No significant difference in uptake between the microplastics of 100 and 250 lm was
observed, however beads of 500 lm in size had a significant lower uptake when
compared with the others sizes (P = 0.009) (Fig. 1).

Fig. 1. Uptake of the different microplastic particle size classes from ambient water. Significant
differences (P value > 333 0.05) are showed by different letters, results are presented as
mean ± SE; n = 20.
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Table 1 illustrates the percentage of microplastics recovered from the depuration
water, and tissues at the different time points over the depuration period. A significant
effect of time (p < 0.001) and a significant interaction between time and treatment
(p < 0.02) was observed. The excretion of microplastics beads of all sizes was sig-
nificantly higher during the first 24 h in comparison with the later time points. Fur-
thermore, no significant difference was recorded in the excretion of microplastic
particles of 100 lm and 500 lm between 48 and 72 h of depuration, whilst signifi-
cantly more beads of 250 were released after 48 h in comparison to 72 h of exposure
(Fig. 2).

Table 1. Summary of the percentages of egested during 72 h depuration, and non-egested post
depuration, Microplastics, both divided by sizes and as a mix of beads (100, 250 and 500 lm).

Microplastics beads
egested and non-
egested in:

100 µm % 250 µm % 500 µm % Mix % Mix %

24 h 68.3 ± 3.6 58 ± 4.0 74.9 ± 5.6 63.9 ± 3.0 84.6 ± 2
48 h 12.5 ± 2.2 21.9 ± 3.5 12.6 ± 4.3 17 ± 2.2
72 h 1.5 ± 1.1 3.4 ± 1.7 7.1 ± 3.1 3.7 ± 0.9
Internal cavity 17.7 ± 3.8 16.7 ± 2.4 5.4 ± 2.7 15.4 ± 2 15.4 ± 2
Digestive gland 0 0 0 0
Other soft tissues 0 0 0 0

Fig. 2. Egestion dynamics of the different microplastic particle sizes. Significant differences (P
value > 0.05) are showed by different letters, results are presented as mean ± SE; n = 20.
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Although the vast majority of ingested microplastic particles were released during
the 72 h of depuration, 17.7 ± 3.8, 16.7 ± 2.4 and 5.4 ± 2.7% of microplastic par-
ticles of 100, 250 and 500 lm respectively were still present in the water contained
inside the shell cavity. At this location a significant difference in the abundance of each
particle size class was observed, with the largest size class being significantly less
abundant than the other two (p = 0.007) (Fig. 3). Importantly, no microplastic particles
were found in the digestive gland and in the other tissues post digestion. Taking into
account each time step there was a decreasing egestion of microplastic particles during
the depuration time: 63.9 ± 3%, 17 ± 2.2% and 3.7 ± 0.9% in 24, 48 and 72 h,
respectively. Only 15.4 ± 2% of the microplastic particles were retained within the
oysters after 72 h of depuration (Table 1).

3.2 Discussion

In this study, Pacific oysters showed an efficient egestion rate, egesting 84.6 ± 2% of
the microplastic particles taken up, while only the 15.4 ± 2% of beads taken up were
retained within the shell cavity, post depuration. Furthermore, no microplastic particles
were observed within the oysters’ tissues, while in the Sussarellu et al. (2016) study,
microplastic particles were found in the stomach and the intestine of Pacific oysters.
This can be attributed to the difference in the particle size used (100, 250 and 500 vs
2–6 lm), and it is possible that the C. gigas food sorting mechanisms recognise only

Fig. 3. Residualmicroplastic particles of the different sizes post depuration. Significant differences
(P value > 0.05) are showed by different letters, results are presented as mean ± SE; n = 20.
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the smaller size as a food source due to similarity in size with phytoplankton (Ward and
Shumway 2004).

4 Conclusions

To date, studies on microplastic uptake have been conducted mainly to investigate their
potential negative physiological effects on marine live, including bivalves, or to
establish whether animals entering the human food chain could be a carrier of these
particles and therefore represent a risk for consumers (Sussarellu et al. 2016; Fernández
et al. 2018; Von Moos et al. 2012; Pont et al. 2016; Silva et al. 2016; Van Cauwen-
berghe and Janessen 2014). The main difference between these approaches has been the
controlled nature of the studies. The former employed controlled conditions (known
density, type and size of the microplastics employed), whilst the latter focused on the
abundance of plastics in marketable products without considering levels of exposure,
uptake or the nature of the polymers. In contrast, our study investigated both the uptake
and egestion dynamics under controlled conditions to more robustly describe the fate of
microplastic particles of 100 to 500 lm diameters during exposure and depuration
therefore contributing to the collective knowledge on these dynamics in shellfish
produced for human consumption. Our results suggest that these larger particles could
probably be filtered by the oysters but, instead of being ingested, they are retained
within the shell cavity by adhesion. Importantly, during the depuration period,
microplastic particles were observed in faeces and pseudo-faeces, but it is not possible
to conclude here that the beads have been ingested, because these were not observed
within the digestive system. Further work focused on the ingestion and excretion of
microplastic particles of different sizes class, including particles larger than microalgae
cells, should be conducted to estimate gut transit time of these particles. In conclusion
our data, taken together with results from other studies, strongly indicate that M. gigas
could be a carrier of different microplastic sizes in the human food chain, not only
through the absorption and inclusion in tissues (Bricker et al. 2014; Van Cauwenberghe
and Janessen 2014; Li et al. 2015), but also through the adhesion of these particles in
different parts of the internal cavity of the oysters shell.
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