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Abstract

Highlights

Marine pollution caused by microplastics has become a serious social issue nowadays. Studies in Europe comparing
the amount of microplastics contained in seafood by type and place of origin show that mollusks from Asia are the most
heavily contaminated. This study was aimed to investigate the presence of microplastics in the coastal waters of Japan.
For this, we quantitatively analyzed the presence of microplastics in oysters using Raman scattering, optical, and digital
microscopic observations. Nylon, polypropylene, and high-density polyethylene were confirmed by Raman spectra in
oysters. Fibrous microplastics are the most commonly found. Our results will be used further to assess the potential
impact of microplastics on marine biodiversity and possible threats to human food safety.

* Microplastic uptake was identified in cultured oysters from twelve sites in Japan.
« It is first study on microplastics from Japanese oysters.
* Microplastic types were found including nylon, polypropylene, and high-density polyethylene.

» Fibrous microplastics were the most commonly found.

Keywords: Microplastic fibers; Farmed oysters; Crassostrea gigas;
Coastal areas

Introduction

Studies dealing with the current extent of human impacts on
marine ecosystems show that the oceans are becoming highly affected
by human activities [1]. The accumulation of mismanaged plastic
waste is now a global concern [2]. Since the 1970s, research on the
presence of plastic debris in the ocean shows the increase of the
average concentration of plastic particles. For example, a study from
the western Sargasso Sea indicated an average of 3500 pieces and 290
grams per square kilometer [3]. Not being biodegradable in most
cases, plastics widespread use constitutes a persistent environmental
burden [4,5]. Plastic is a cheap and light weight material which can be
easily molded into various shapes. This has driven its annual world
production to increase from 1.7 million tons in the 1950s, to 288
million tons in 2012 [6]. Our lives now seem to be inseparable from
plastic. However, its negative effects, including many adverse effects on
life and the environment, are starting to be of the utmost concern [6].
Data show that most plastic waste in the oceans comes from terrestrial
sources and is carried mostly by winds, wastewater treatment systems
and road runoft [7,8], with the remainder coming from artifacts such
as fish nets and ropes, aquaculture cages, etc. [9]. Studies show that
among macroplastic garbage, plastic bags seem to be the most harmful
to marine life [10]. Modern plastics are usually complex mixtures of
polymers with chemical additives [11]. Plastic waste is usually colonized
by bacteria [12] and often leaches chemical pollutants [13] into the
waters. As mentioned, plastics are widely distributed on the surface
and coastal waters of the global oceans and their impact on marine
life is enormous. For example, 44% of all seabird species are known to
ingest plastic, as do sea turtles, cetaceans, and fish [14,15,16]. In recent
years, more attention has been paid to microplastics [17], particles
less than 5 mm that result from the breakdown of larger items [3].
Among the possible sources of these particles are waters from washing
synthetic textiles discharged into the ocean. From the perspective of its
composition, polypropylene (PP), polyethylene (PE), polystyrene (PS),

polyvinyl chloride (PVC) and polyethylene terephthalate (PET) are the
main components with higher probabilities of ending up in the ocean
environment [18]. Indeed, several studies have found that both food and
drinking water [19] [20]. may contain different types of microplastics.
They have also been found in human feces [21]. leading to an increase
in the awareness of its possible effects in human health. Compared with
large plastics, microplastics are much more abundant and more easily
absorbed by organisms, thus increasing its toxicity potential. A study
from the Beijiang River surface sediment found that microplastics were
loaded with metals such as Ni, Cd, Pb, Cu, Zn and Ti mostly derived
from inherent load [22]. Strong sorption of PCBs (polychlorinated
biphenyls) to nanoplastics and microplastics was also observed [23], as
well as the presence of contaminants, such as polyfluoroalkyl substances
(PFAS) [24]. Microplastics can also transport pollutants into marine
food webs [25]. Moreover, in China, researchers established a model
of microplastic accumulation in Baiyangdian Lake. The results showed
that they spread and accumulate very quickly throughout the food web,
eventually reaching high trophic level aquatic organisms [21]. Studies
from six locations along the French-Belgian-Dutch coastline looked
at the absorption of microplastics under field conditions detecting
them in mussels (Mytilus edulis) and lugworms (Arenicola marina).
In France, microplastics were detected throughout the Bay of Brest,
with polyethylene (PE, 53-67%), polypropylene (PP, 16-30%), and
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polystyrene (PS, 16-17%) fragments dominating both the surface water
and the sediments [26]. Microplastic contamination of bivalves from
the French Atlantic coast showed a high ratio of grey color particles
with size ranging from 50 to 100 pm in blue mussels (Mytilus edulis)
and Pacific oysters (Crassostrea gigas) [27].

In Japan, microplastics were found in 31 out of 36 sites along
29 rivers where samples were collected in surface waters. Results
show that the concentration of microplastics highly correlates with
urbanization and population density and that the amount of particles
in rivers seems to depend on the human activities along the river basins
[28]. Furthermore, microplastics were found in the digestive tract of
64 anchovies (Engraulis japonicus) in Tokyo Bay, representing 77% of
the samples studied [17]. The correlation of microplastics’ amount and
human activities was also found in a study of coastal surface water done
in the subtropical island of Okinawa, Japan [29].

Studies from the eastern coast of Australia seaports, report large
amounts of microplastics in both sediments and oysters. Note that
the density of particles in oysters was significantly higher than in
sediments and black fibers between 0.1 mm-0.5 mm in size were the
most abundant [30]. Experiments with oysters (Saccostrea glomerata)
show that it can ingest and accumulate microplastics of 2 um and 0.5
um, that are then transferred through the membranes of the digestive
glands to the haemolymph [31]. These studies emphasize the necessity
to monitor microplastics in aquaculture and in the ocean, in order to
enforce seafood safety.

Shellfish is an important component of marine ecosystems.
Opysters are filter feeding organisms and as such they are especially
easy to come into contact with microplastics [32]. Accumulating
floating microparticles during the filtration process. Seafood
products are important sources of proteins, polyunsaturated lipids
and phospholipids. Economic losses (microplastic toxicity in marine
organism, the cost of savage a huge amount of marine litter, etc.) due
to microplastic pollution and marine debris in the marine environment
are expected [33-35]. In Japan, oysters are very popular as food.
With the development of the aquaculture industry, oysters (mostly
Crassostrea spp.) have become even more looked after. So far, Japanese
researchers have predominantly studied viruses and their threat to
oysters [36-38]. As the threat of microplastics to marine life becomes
ever more serious, oyster aquaculture is expected to be highly affected.

Japan is an important oyster producer. Its oysters are exported
worldwide and considered of prime quality. In this context, we decided
to study material from various aquaculture farms in Japan, in order to
analyze the presence, quantity, size, and type of microplastics present
to assess its the level in farmed oysters. Normally, farmed oysters are
generally pre-washed, and UV irradiated before entering the market,
so our research also aims to test the efficiency of these pretreatments
on microplastics content. The possible sources of microplastics and its
potential health risks are also discussed.

Materials and Methods
Sampling sites

We bought oysters (Crassostrea gigas) from twelve sites distributed
in Japan (Table 2). The material was approximately two years old
(personal communication from the seller). At least four oysters were
sampled from each location. To avoid microplastic contamination,
we kept oysters under frozen conditions wrapped in aluminum foil
for further experiments. A total of 106 samples were studied. We also
visually assessed the presence and quantity of fishing nets and lines, as

well as other plastic garbage in beaches near the areas from where the
studied material came.

Methods

Microplastics were extracted from oysters’ following Chen’s
procedure [33]. The shells were removed, and the body’s surface
slightly washed. The body was then placed into a 10% KOH solution,
and a water bath used to accelerate the digestion process. With the help
of a vacuum pump the solution was filtered through filter paper (20
um~25 pm) and this was fixed onto a flat, labelled plastic disk which
was then placed into a labelled Petri dish. These were then sealed with
sticky tape. A similar filtration procedure was applied to the dissected
digestive tract of the oysters.

The dissected digestive and gill systems were observed through a
digital microscope to preliminarily assess the presence of microplastics
(Figure 1). This is a simple procedure that can be used to obtain images
and evaluate the shapes and sizes of the microplastics. The color can
also be used to determine the presence of microplastics. In addition, we
used tweezers to assess if the microplastics fibers would break. Raman
spectra (RENISHAW inVia) and optical microscopy (Nikon ECLIPSE
50i) were used to identify whether a particle was plastic or not. Raman
microscopy combines Raman spectroscopy and optical microscopy. It
is one of the most efficient and effective ways to identify plastics by
focusing a laser beam onto a small spot to obtain a spectrum. Raman
spectroscopy can specify different polymers by probing different
vibrational modes in the molecule. Once a spectrum is acquired, the
next critical step is to identify exactly which polymers make up the
unknown sample. Having a complete, high quality spectral database
is critical for carrying out accurate spectral matching. In our research,
we used the software Open Specy. In this typical database, spectra of
reference materials are recorded and stored with their chemical and
physical properties in the sample record metadata. We uploaded the
spectra and matching with the spectra from database. The software
automatically displays the highest matching polymer spectra. The
spectra obtained through Raman were loaded into the gallery software,
Open Specy for analysis and identification of the plastic polymer type.
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Figure 1: a) Oysters purchased at seafood markets and local breeding bases.
Microplastics are shown in color on the filter paper after the tissue digestion
procedure.

b) Microplastics observed in samples using digital microscopy before the tissue
digestion procedure. Procedure
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Results

Microplastics were found in almost all oysters studied. Our results
indicate that microplastics were widely detected in cultured oysters
from Japan. Microplastics (fibers and fragments mainly) were found in
almost all oysters, and showed differences in length, size, and color. A
total of 333 microplastics pieces were collected from 106 oysters. The
average number of microplastics per individual amounted to 3.14 +
4.00 particles Although the oysters came from different places in Japan,
in terms of average number of microplastics per oyster S4 material
contains the highest value (up to 11.8 £ 8.5 items), followed by S5 (up to
7.8 + 10.2 microplastics/oyster). The least microplastics per individual
oyster come from for S2, S3 and S10 (1.5 + 1.5, 1.4 + 1.3, and 1.5 £
1.0 respectively) (Table 1). The most common colors of typical fibers
were red and green, whereas plastic fragments were mainly red and
blue. Indeed, green particles constituted 57% of the total microplastics
found, with red accounting for 17%. Much less microplastics were blue
(3%) grey or brown (about 5% in both cases). From the microscopic
images, we can see that some fibers formed clusters (Figure 2, d).
Sometimes, the edges of the fragment are damaged (the degrade
phenomenon) (Figure 2, e). Fiber was the most common type forming
88% of the total microplastics found. The rest were mostly fragments.
The most abundant size (32%) found was 100 um to 500 um, followed
by particles over 1000 pm (30%). Microplastics smaller than 100 um
was only 9% (Figure 3). The observation of dissected oyster gills and
digestive systems confirmed the presence of microplastics in the
gills of some oysters. The filtered material after the digestion of these
organs also showed the presence of microplastic fibers (Figure 2). The
analyses of the Raman spectra showed that the microplastics found in
oyster samples are nylon, high density polyethylene and polypropylene

Table 1: Microplastics in oysters from various locations in Japan.

Sample = Number of Total number of Average number of
location | specimens microplastics per microplastics per oyster
sample

S1 10 24 24+17

S2 20 30 15+15

S3 5 7 14+13

S4 5 59 11.8+85

S5 5 39 7.8+10.2

S6 4 30 75+59

S7 12 33 28+13

S8 10 29 29+17

S9 10 19 1.9+12

S10 10 15 1.5+1.0

S11 5 12 24+11

S§12 10 36 3.6+22

Totals 106 333 3.14 £4.00

Figure 2: Typical microplastics found in oysters: a) green fiber; b) red fiber; c)
brown bead; d) green fiber; e) green fragment; f) red fragment.

30 5%

5%

.

mGreen ®WRed ®Black = Brown ®Blue ®Grey o Translucent

2R 100 pm = 100-500 um = 500-1000 pm =& 1000 um

it

= Fragment = Fiber

Figure 3 : Distribution of microplastics found in oysters in Japan according to: (I)
color; (11) size; (Ill): shape.

Table 2: Location and average weights of oysters (without the shell) from different
coastal areas of Japan.

Sample Location Number of Average weight per oyster
location specimens without shell (g)

S1 Northern island 10 30.5

S2 Pacific Ocean 20 35.19

S3 Northern island 5 415

S4 Pacific Ocean 5 24.39

S5 Pacific Ocean 5 19.95

S6 Pacific Ocean 4 49.68

S7 Sea of Japan 12 31.33

S8 Pacific Ocean 10 33.61

S9 Pacific Ocean 10 21.44

S10 Inland island 10 18.96

S11 Pacific Ocean 5 23.87

S12 Southern island 10 25.02

(Figure 4). Pictures taken during the field work on several beaches
show the presence of domestic garbage, as well as discarded fishing nets
and lines (Figure 5).

Discussion and conclusions

The most common type of microplastics found in this study were
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Figure 5: Fishing gills and nets, as well as domestic garbage stranded on a beach. Hokkaido, Japan, August 2021.

fibers (88%) which agrees with data from 17 coastal sites in China
where fibers constitute 60.67% of all microplastics found [22]. It should
be noted that our material showed less diversity in the shape of plastics
found. Microplastics found in this study can be divided into fragments
and fibers (12% and 88% respectively). Similarly, a study using oysters
along the Pearl River Estuary in China indicated the dominance of
fibers with a ratio of 69.4% and microplastic size in oysters (Saccostrea
cucullata) shows 83.9% of which were less than 100 um. On the other
hand, our research results show only 9% smaller than 100 um, whereas
the fraction from 100 to 500 um has the highest proportion, up to 32%.
In another study from the French Atlantic coast, the largest fraction
of the particles found in the blue mussel (Mytilus edulis) and the

Pacific oyster (Crassostrea gigas) ranged from 50 to 100 um, [39]. In
Korea, four popular bivalve species, oyster (Crassostrea gigas), mussel
(Mytilus edulis), Manila clam (Tapes philippinarum) and scallop
(Patinopecten yessoensis) were evaluated finding mainly fragments and
particles smaller than 300 um (76% and 65% respectively) of the total
microplastics found [40]. In our study, fibers were the main shape of
found.

In this study, the average of microplastics per oyster was 3.14 items.
This is less than what was found in Perna viridis (3.28 items/individual)
in India (see Table 3 for a reference), but most abundant type found
was fiber, same as in China. In both European and Asian literature, the
size of microplastics found was smaller than that from Japanese oysters.
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Table 3: Studies showing microplastic contamination of marine life: location, type of digestion, identification method of microplastics, quantity, abundant type with the

corresponding references.

Species Location Digestion
Mytilus Edulis Germany HNO, 69%
VanCauwenberghe
etal.,2014
Crassostrea gigas France HNO, 69 %
Van Cauwenberghe
etal.,2014
Perna Viridis India 10% KOH
Dowarah et.al., 2020
Meretrix meretrix
Mytilusgalloprovincialis Portugal 10% KOH
Pequeno et al., 2021
Scrobicularia Plana
Marphysa sanguinea
Trachurus trachurus
Scomber colias
Crassostrea gigas China 10% (m/v)KOH+30% H,0,

Crassostrea angulate
Crassostrea
Hongkongensis
Crassostrea Sikamea

Teng et al.,2019

On the other hand, the quantity of microplastics in Japan oysters was
higher, and their size larger than reported in other studies (Table 3). In
terms of the type of microplastics identified using optical microscopy,
most researchers use FT-IR spectroscopy and Raman spectroscopy,
which gives confidence to our findings. Therefore, our data can be
compared to that in other studies with high confidence.

During our collecting trips, we observed that farmed oysters
were cleaned and irradiated with ultraviolet rays before being sold.
This procedure aims to reduce or eliminate possible microbial
contamination of food. Although we also cleaned them (using Milli-Q
water to rinse both the shell and oysters' body) before the digestion
procedure, we still found microplastics. We can conclude that all the
cleaning methods done before the oysters are put on the market cannot
remove the microplastics completely.

One of the problems we face in this type of studies concerns the
source of the found microplastics. During our collecting trips we
observed a large amount of domestic garbage stranded on beaches
(Figure 5). Note that the dates in some plastic packages were relatively
recent. In addition, many fishing gills and nets, as well as cages used in
aquaculture lay on the beaches. These are all made up of nylon. From
table 1, we see that the average number of microplastics in $4, S5, and
S6 is higher than in other sites. These sites are located in the eastern
Pacific coast, so it is possible that the pollutants’ origin is both domestic
garbage and that from neighboring countries from where it is carried
with ocean currents. Regarding S2, it is located in a relatively closed
bay. This is an aquaculture area as well, and local fishermen are more
likely to pay attention to keeping the water-body healthy. Indeed, in
our interviews, we learned that the fisheries salvage garbage regularly.

One research characterized microplastics in the heavily
urbanized, brackish water of Vembanad Lake (India), focusing on
some commercially important bottom-feeding fishes and shellfish
(Arius maculatus, Etroplus suratensis, E. maculatus and Villorita sp.).
Its results also showed the presence of polyethylene in the samples
[41]. Polypropylene and nylon 6 were also reported in south India

Most common
types
Fiber and particle

Identification Quantiity

Raman Spectroscopy 0.36 +0.07 items/g (Without
depuration)
Raman Spectroscopy

0.47 £0.16 items/g (Without Fiber and particle

depuration)
Flourescense 3.28 +0.87 Fragment
Microscope items / individual Fragment
Raman Spectroscopy 3.28 +0.87
items / individual
FT- IR Spectroscopy 0.45 +0.67 Fiber
items / individual Fiber
0.30 +0.63 Fragment
items / individual Fiber
0.40 +0.88 Fiber
items / individual
2.24 +2.05
items / individual
2.46 +4.12
items / individual
FT- IR Spectroscopy 2.93 Fiber

items / individual

[42]. Similarly, the main polymers in shellfish from Dongshan Bay,
southeastern China, were polyester and Polyethylene terephthalate
[43]. The abundance and types of microplastics found exhibited great
variation among species. In fact, a wide variety of microplastics is
present in marine organisms due to their durability and wide range
of applications in fishing activities as well as in packing and textile
industries.

Shellfish consumed as food may carry microplastics that will affect
human health. As they are often consumed whole, the accumulation
process in the consumers is a real possibility. Furthermore, plastics
may have heavy metals and other toxic coatings that will also carry
on to the final consumer. These concerns lead us to recommend more
studies of the possible pathologic effects of microplastics ingested with
shellfish, to better understand their impacts in public health.
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