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In this paper, | selected Sinonovacula constricta, a typical representative of
commercial bivalve shellfish from Zhangzhou City, and found that microplastics
were detected in all the samples with small sizes. The abundance in farm samples
(3.65 n/g) was higher than in market samples (0.89 n/g), despite their smaller weight,
which was mainly contributed by body fluid. Microplastics transported from the
body fluid to the viscera and then metabolized into muscle were substantially
reduced (69.3%), with only O or 1 microplastic observed in the muscles on the
micron scale. The microplastics detected in the market samples were mainly
concentrated in the viscera, accounting for 81%, while distributed in all the organs
of farm samples, with body fluids accounting for 52%. A total of four shapes were
detected, with the highest percentage of fibrous shape, while foam-like
microplastics were not detected in the market samples. The abundance was not
correlated with sample weight, but market samples showed a positive correlation. A
total of seven polymers were detected, with the highest rate of polypropylene (PP)
(27%). The polymer risk level reached level Ill. The percentage of polyvinyl chloride
(PVC) in the market samples exceeded that of farms, which resulted in a higher
hazard risk index despite their lower abundance. The cleaning process and excretory
behavior, from farms to markets, greatly reduced microplastic contamination.

KEYWORDS

microplastics, hazard risk assessment, seafood security, organ distribution,
characteristics, Sinonovacula constricta

1 Introduction

Reports of plastic debris in the marine environment date back more than half a century
(Carpenter & Smith, 1972). The concept of microplastics is defined as plastic debris less
than 5 mm in size (Thompson et al., 2004), which is divided into primary and secondary
microplastics. Primary microplastics are original particles that are manufactured by the
plastic processing industry. Secondary microplastics are non-inheritable particles shaped
by the physical, chemical, and biological effects within the surroundings during wear,
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fragmentation, and decomposition (Lehtiniemi et al., 2018).
Microplastics are simply transported, unfold within the
surroundings, and are inspected in water, soil, and air
environments (Yu et al., 2020). Some plastics incorporate
poisonous components, consisting of bisphenol A (BPA) and
phthalates (GESAMP, 2019), which leach out from plastics,
posing additional risks to marine organisms. In contrast,
microplastics, due to their huge floor vicinity relative to their
quantity, can adsorb numerous contaminants, along with heavy
metals (Cole et al,, 2011), persistent natural pollutants (POPs)
(O’Donovan et al,, 2020), and perfluorooctane sulfonate (PFOS)
(Islam et al., 2021). Microplastics are known to affect the activity of
marine organisms with those absorbed contaminants which could
cause extra risks (Ziccardi et al., 2016). In a word, the pollution of
microplastics is a global drawback; during a worldwide inspection,
microplastics were found to be harmful to organisms and
particularly have a potential impact on human health (Chen
et al,, 2020; Vo and Pham, 2021; Franceschini et al., 2021; Wang
et al., 2022).

Previous studies have shown that microplastics can cause
different levels of negative impacts on aquatic organisms. Chen
et al. (2017) investigated the direct and indirect toxic effects of
microplastics on the locomotor activity of zebrafish larvae and
found that microplastics not only inhibited motility but also
inhibited growth, development, and gene expression. In another
experiment of microplastic exposure, Yang et al. (2020) found that
microplastics accumulated in the digestive tract of juvenile crucian
carp and damaged the intestine, such as the liver and gill tissues.
Microplastics with small sizes could also cross the epidermis into
muscle tissue, causing muscle tissue damage, thus reducing the
activity and swimming speed of juvenile fish. The first study on
microplastic extraction techniques from bivalve shellfish actually
pointed it out (Claessens et al., 2013), and the first data on
microplastic ingestion by bivalve mollusks were obtained in 2014
(Van Cauwenberghe & Janssen, 2014). Trends of the past literature
indicate growing global concerns about microplastic contamination
in bivalves and their associated risks of particular concern.
Microplastics were detected in four popular bivalve species in
Korea, with a mean concentration of 0.97 + 0.74 n/a (number per
individual) (Cho et al., 2019). Another study on microplastics in
clams (Tegillarca granosa) was conducted in three completely
different markets in Indonesia. The quantity of microplastics
from the above markets was 9.87 + 4.76, 20.93 + 9.80, and 23.17
+ 13.02 n/a, severally (Suprayogi, 2018).

Since the characteristics of environmental microplastic
pollution are variable, easily influenced by diverse factors such as
wind, tides, and currents (Li et al., 2019; Chen, 2022), monitoring
microplastics in bivalves is conducive to a more comprehensive
assessment of the impact of microplastics on the environment and
ecosystems (Cho et al., 2021). Bivalve shellfish have been identified
as one of the groups most affected by microplastics due to their
special characteristics, such as wide distribution, easy access,
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stationary life, and high tolerance to various environmental
conditions (Ward et al, 2019). In addition to being used as
indicator organisms for environmental pollution, bivalve shellfish
are also important species for monitoring aquatic quality and safety
(Qu et al,, 2018). China is the main production and consumption
region of bivalve shellfish worldwide because the annual production
in China reached 153 million tons, accounting for almost 80% of the
worldwide (FAO, 2020). According to the 2021 National Statistical
Bulletin of Fishery Economy, aquaculture production was
15,456,700 tons in 2021, second only to fish. Bivalve shellfish, are
the least mobile of the four major aquatic products fish, shrimp,
crab, and shellfish; as filter feeders, they are among the species most
likely to ingest microplastics (Wright et al., 2013; Germanov et al.,
2018). They may be good bioindicators for microplastic monitoring
and risk assessment of human exposure to microplastic ingestion
through shellfish (Ward et al,, 2019).

S. constricta belong to the Phylum Mollusca, Bivalvia. They are
filter-feeding organisms and generally live in soft mud or sandy
beaches, relying on their feet to dig burrows, which are vertically
downward. When the burrows are flooded by seawater, the S.
constricta rise to the mouth of the burrow to feed, taking in
plankton through the inlet pipe and discharging metabolites
through the outlet pipe (Chen et al., 2022). The study of
microplastic characteristics of S. constricta can indirectly reflect the
pollution level of their aquaculture environment and seafood security.
Various plastic products used in fishery activities are left in the
aquaculture environment by accident and abandonment. The total
weight of plastic fishing gear entering the Pacific Ocean is more than
11,000 tons per year (Zhu et al, 2019). Nowadays, the four major
commercial fish, shrimp, crab, and shellfish that people consume daily
have been shown to have microplastic contamination. According to
the latest report, a risk assessment study estimated that the global
average intake of microplastics through shellfish consumption
amounted to 751 particles/person/year (Ding et al, 2022). The
potential hazards of microplastic contamination to aquatic products
cannot be underestimated because of the large population in China,
which has a strong consumption power. At present, there are limited
reports on the microplastic characteristics of S. constricta, and there
are few studies on the differences in the occurrence of microplastics
between aquaculture farms and markets, especially comparing
different organ distribution and hazard risk assessment between
them. In this paper, I selected S. constricta, a typical representative
of commercial bivalve shellfish in Zhangzhou, to investigate the
microplastic contamination. Furthermore, I analyzed the
microplastic fate and organ distribution characteristics in terms of
size, abundance, shape, color, and polymer type to compare the
microplastic fate characteristics between aquaculture farms and
markets. Finally, I assessed the polymer hazard risk of microplastics
in S. constricta from Zhangzhou. This paper can provide some data for
the study of microplastic fugacity characteristics of bivalve shellfish
and provide a basis for decision making on plastic control from
aquaculture farms to markets, especially for seafood security.
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2 Materials and methods
2.1 Study area and sample collection

About the study area, the S. constricta samples used in this
study were collected from Zhangzhou Gan Wen aquaculture farm
(shortened to farm) and Xin Hua Du supermarket (shortened to
market). Gan Wen aquaculture farm is located in Mangrove
Reserve at the estuary of Jiulong River in Longhai District,
Zhangzhou City, Fujian Province, and is one of the major S.
constricta aquaculture farms in Fujian Province. Xin Hua Du
market is a nationally known supermarket, and the selected store
is located in downtown Zhangzhou City, which is one of the main
aquatic product procurement channels for local residents.

The S. constricta collected from the farms were dug from the
mudflats on site, while the commercially available S. constricta were
collected from the market seafood pools, which were randomly
selected from the seafood pools at three different collection points.
For farm samples, three locations were also randomly selected for
collection from each farm. One kilogram was collected from each
collection site, covered with aluminum foil, and then stored in a
laboratory refrigerator at —18°C for further analysis. All the samples
were collected from July to September 2021. The samples were
divided into two groups: the first are those collected on-site from
Gan Wen aquaculture farms (labeled as S1 to S4), and the second
are those purchased from Xin Hua Du markets (labeled as S5 to S8).
Body length, body width, and body height are measured in mm as
the unit, and body weight and mass are measured in g as the unit.

« _»

The unit “n” indicates the number of microplastics, and “a”

indicates an individual of S. constricta.

2.2 Experimental methods

The overall procedure of the experiment was measure, rinse,
anatomy, digestion, vacuum filtration separation, microscope, and
fourier transform infrared (FTIR) identification (Figure 1). For the
first step, the body fluids were obtained by rinsing with pure water
during pretreatment, after which the length, width, and height of
the samples were measured using vernier calipers. Second, the soft
tissues were stripped from the shells and weighed using an

incomplete resolution
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experimental balance; biological indices were obtained by
dissecting the S. constricta according to different organ tissues
such as muscles and internal organs and then digesting them in a
constant temperature shaker at 65°C using a 10% KOH solution as
the digestion solution. Third, the digestion solution was then
filtered using vacuum filtration. Finally, the obtained membranes
were then observed under a stereomicroscope (Li et al., 2015). If the
digestion was not complete, digestion was performed again. If the
background interference of the filter membrane was high, density
separation with saturated NaCl solution was required. The final
filter membranes need to be dried in an incubator at 60°C for 24 h
pending microscopic identification. It is important to note in
particular that S. constricta were dissected by rapid freezing after
the halo before dissection. Filters were observed under a MOTIC
SMZ-171-TED stereo microscopy. The image particles were
captured using a digital camera attached to the stereo microscope.
The particles were counted and classified by type (fiber, fragment,
or film) and color. The maximum length of microplastic was
measured with Moticam Pro282B software. FTIR (Thermo Fisher
Scientific, Nicolet iN10, USA) was used to identify the polymer
components of microplastics. Matching with the database polymer
spectrogram, more than 75% of the coincidence was determined as
the corresponding polymer (Xiang et al., 2022).

2.3 Data analysis

The number of microplastics per individual was expressed as n/
a, and the number of microplastics per gram wet weight was
expressed as n/g. The abundance units of microplastics were
standardized to facilitate comparison with other studies. Data
analysis was processed by Microsoft Office 2020 and Origin
2022. A risk model was used to evaluate the potential hazards of
microplastics in S. constricta. According to a report from Lithner
et al. (2011), hazard scores of plastic polymers were used as
indicators to assess the risk of microplastics (Table 1).

The evaluation model was described as follows: 1) H is the
calculated polymer risk index due to microplastics. 2) Pn is the
percentage of each microplastic polymer type detected in S.
constricta samples. 3) Sn is the hazard score from which the
polymer compound the microplastics contain. 4) The

1

Q_.'_/%

10% KOH _, ®

suction
filtration

FIGURE 1
Flowchart of the experimental procedure.
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TABLE 1 Classification of plastics and hazard levels of polymers.

10.3389/fmars.2023.1151523

Polymer Abbreviation = Monomer Application Primary hazard Hazard  Hazard
type statements score level
Polyethylene PET Ethylene Beverage bottles, mineral water, and polyester for Harmful if swallowed 4 I
terephthalate glycol clothing
Polyethylene PE Ethylene Containers, food packaging, and industrial accessories | Extremely flammable gas 11 I
May cause drowsiness or
dizziness
Polypropylene | PP Propylene Agricultural ropes and fishing nets, industrial Extremely flammable gas 1 I
accessories, and knitwear
Polyamide PA e-Caprolactam | Nylon textiles and industrial accessories Harmful in contact with 50 I
skin
Harmful if swallowed
May cause respiratory
irritation
Causes severe skin burns
and eye damage
Polystyrene PS Styrene Industrial accessories, egg protection packaging, Flammable liquid and 30 I
aquaculture floating balls, disposable tableware vapor
Harmful if inhaled
Causes serious eye
irritation
Causes skin irritation
Polyvinyl PVC Vinyl chloride  Building materials, cosmetics, transparent food Extremely flammable gas 10,551 v
chloride packaging, water pipes May cause cancer
Polycarbonate | PC Bisphenol A Baby bottles, glass assembly industry, automotive May cause an allergic skin 1,177 v
industry, electronic appliances industry accessories reaction
Suspected of damaging
fertility or the unborn child
May cause drowsiness or
dizziness

microplastic risk index (H) was calculated as follows.

H =YPnxS§,

2.4 Quality control

In order to avoid contamination throughout sampling and
analysis, the subsequent procedures were strictly followed. Metal-
like chrome steel spatulas or non-plastic instrumentation like wood
were employed in the sampling and analysis steps. Researchers wore
laboratory coats created entirely of natural fibers. All filter
membranes, scalpels, samples, glasswork, and chrome steel
extractors were wrapped in tin foil before use throughout the
analysis method. All glass containers were totally cleansed with
Milli-Q water and then sealed with tin foil to stop air exposure. All
instruments and glasswork were properly washed before use.
Microplastic assays are highly susceptible to interference from the
experimental environment, and the possible presence of fine
microplastics in the air and on the operating platform of the
experimental environment can cause errors in the experimental
results. To circumvent the influence of the experimental
environment on microplastic assay results, effective quality

Frontiers in Marine Science

control means, such as cleaning the somatic microscope area
before sample analysis, need to be used during the experimental
procedure (Li et al,, 2015). All experiments were carried out in a
fume hood. Three laboratory blank replicates (deionized water
only) were processed for each sample set to measure air and
chemical contamination, if applicable. An average of one fiber
particle was detected. The microplastic of the blank samples was
determined from the sample.

3 Results

3.1 Abundance and size distribution of
microplastics

The biological indicators of samples are shown in Table 2.

Microplastics were detected in all S. constricta samples of
Zhangzhou irrespective if from the farm or market. According to
the experimental results, a total of 115 microplastics were identified,
74 of the 115 microplastics observed passed through the filter
membrane with a pore size of 30 pum, and only 41 microplastics
were retained (Table 3). In other words, 35.7% of the observed
microplastics in Zhangzhou S. constricta samples were bigger than
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TABLE 2 Biological characteristics of Sinonovacula constricta samples.

Farm S1 | 558 16.9 11.6 6.1
S2 | 559 16.8 11.7 6.2
S3 | 559 16.9 11.8 6.3
S4 | 541 16.5 11.2 5.5
Market | S5 | 68.6 17.8 12.3 7.7
S6 | 68.2 17.7 12.1 7.5
S7 | 68.8 17.9 12.4 8.1
S8 | 685 17.8 12.3 7.2

“Weight without shell.

30 um, while the remaining 64.3% were sized between 30 and 1 pm.
It was possible that nanoscale microplastics have passed through the
filter membrane with a pore size of 1 um. Overall, the microplastics
observed in S. constricta samples from Zhangzhou were
predominantly small particles.

As shown in Table 3, the overall abundance of microplastics in
farmed samples was higher (22 + 3 n/a) than that in markets (7 £ 2
n/a). The highest abundance of microplastics in farmed samples
reached 25 n/a, while the highest abundance in market samples was
only 9 n/a. If the influence of different biological indicators was
considered, as shown in Table 1, the average weight of market
samples was greater than that collected from farms. In general, a
larger size of the S. constricta is more likely to be harvested for sale.
Combining Tables 1 and 3, the weights of samples collected in farms
were smaller; however, more microplastics were detected than
market samples. The total number of microplastics identified in
farmed samples was 88, accounting for 76.5% of the total, while
market samples were 27, accounting for 23.5%.

In terms of size distribution, small-sized microplastics
accounted for most of the samples, whether collected from
markets or farm sites, with an overall percentage of 64.3%. This is
similar to the research of other scholars (Li et al., 2015; Cho et al,,
2019). Microplastics with smaller sizes are more likely to be ingested
by S. constricta, which may be related to the high proportion of

TABLE 3 Abundance of microplastics in Sinonovacula constricta
samples.

1-30 um Above 30 um Total (items)
Farm S1 14 10 24
S2 12 8 20
S3 14 11 25
S4 11 8 19
Market S5 6 1 7
6 5 1 6
7 8 1 9
S8 4 1 5
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smaller-size microplastics in the environment and also to their
biological behavior, especially their feeding habits. Further
comparing the size characteristics between markets and farms, the
percentage of small and medium size was higher in the samples
collected from markets, with 85.7% of S5 and 88.9% of S7, reaching
an average of 85.2%, while the average percentage of samples from
farms was 57.9%.

3.2 Microplastics in different organs

From the experimental results, as shown in Table 4, a total of 37
microplastics were observed in the visceral organs of the farm
samples, accounting for 42% of the total. Only 0 or 1 microplastic
was observed in the muscles of farmed S. constricta, which may be
either not detected or the low level of microplastics in the muscles,
which may indicate that microplastics on the micron scale are
basically not present during the metabolic growth. There were 46
microplastics observed in the body fluids of S. constricta from
farms, accounting for 52% of the total amount.

In contrast, from the results of samples from markets, more
than 70% of the observed microplastics came from visceral organs,
including important organs of the digestive system such as the
mouth, stomach, and intestine. No microplastics were detected in
body fluids, one or two microplastics with small particle sizes (1-30
pum) were detected in muscle, and no microplastics with large
particle sizes were detected.

The highest detection rate of microplastics in market samples
was found in the visceral organs, with the proportion of
microplastics in the scale of 1-30 um reaching 78%-86%. Almost
all microplastics detected at the scale of 30 pm or more were in the
viscera. Overall, the microplastics detected in the market samples
were mainly concentrated in the viscera, accounting for 81%.
Microplastics were detected in the muscle, viscera, and body
fluids of samples collected from aquaculture farms, with body
fluids accounting for 52% and the viscera for 42%.

3.3 Shape and color characteristics of
microplastics in S. constricta

A total of four shapes were detected in all samples, which were
fibrous, foamy, fragmented, and granular. A total of ten kinds of
colors were detected, namely, brown, purple, gray, blue,
transparent, yellow, white, green, red, and black, with a large
variety of colors, which may indicate a complex and diverse
origin. As Figure 2 shows, in the photographs of microplastics
detected in S. constricta samples under a stereomicroscope, there
are blue fibrous microplastics and gray fragmented microplastics on
1-um filter membrane, which are purple fibrous microplastics and
white foam microplastics on 30-pm filter membrane, respectively.

3.3.1 Shape characteristics
All four shapes were detected in the aquaculture farm samples,
only three kinds of shapes were detected in the market samples, and
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TABLE 4 Distribution of microplastic abundance in different organs.

10.3389/fmars.2023.1151523

1-30 um Above 30 um
Muscle Viscera Muscle Viscera
Farm S1 1 7 6 0 4 6
) 1 5 6 0 3 5
S3 1 7 6 1 3 7
S4 1 5 5 0 3 5
Market S5 1 5 0 0 1 0
S6 1 4 0 0 1 0
S7 2 6 0 0 1 0
S8 1 3 0 0 1 0

only two kinds of shapes were detected in Samples S6 and S8, which
were fibrous and fragmented. A total of nine granular shapes were
detected, accounting for the smallest percentage (8%), with a larger
percentage being fibrous (44%) and foamy (31%). The proportion
of fibrous shapes was higher in the market samples, reaching 74%.
Among the samples from farms, the shape of foams was the highest,
followed by fibrous, fragmented, and granular (Figure 2).

Further comparison of the morphological distribution
characteristics of microplastics in different organs of markets and
farm samples shows that (Figure 3), except for the body fluid part of
the farm samples, the fibrous shape was the dominant shape,

accounting for 44%, and fibrous microplastics were detected in

both market and farm samples, regardless of muscle, internal organs
or body fluid. In contrast, foam-like microplastics were not detected
in the samples of S. constricta from markets. Both fragmented and
granular microplastics were detected in samples from farms, but no
foamy microplastics were detected in the muscle tissue. Compared
with visceral and muscle tissues, foam-like microplastics were found
in a large number of body fluids of samples from farms, accounting
for up to 55%. In contrast, granular microplastics were rarely
detected in body fluids, only 3%. Contrary to the poor
distribution characteristics of other microplastic shapes in
different organs, fragmented microplastics were more stable and
were detected in all three tissues.

proportion of microplastics
(o)
[=]
X

100%
90%
80%
70%
60%
40%
30%
20%
10%

0%
S1 S2 S3 S4 S5 S6 S7 S8
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2
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FIGURE 2
Shape and color characteristics and photomicrograph of microplastics.
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3.3.2 Color characteristics

Purple and gray microplastics accounted for a relatively large
proportion of the S. constricta samples from Zhangzhou, accounting
for 21% and 34%, respectively, more than half of all colors (Figure 4).
Red and black microplastics accounted for the least amount (2%),
which may be related to the color of the microplastics endowed in the
environment and also to the feeding behavior of the S. constricta,
which generally feed on microalgae such as diatoms and green algae,
but there is no information that the S. constricta is selective in color
intake. The color distribution of the S. constricta samples from the
farms showed that the colors with a higher percentage were gray
(44%), brown (15%), and purple (11%).

3.4 Polymer properties and distribution in
different organs

FTIR identification results showed that numerous compound
varieties were found within the samples (Figure 5), namely,

Aquaculture Farm

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

proportion of microplastics

Muscle

m fiber

Viscera Body fluid

FIGURE 3

proportion of microplastics

mfoam mfragment

10.3389/fmars.2023.1151523

polypropylene (PP), polystyrene (PS), polyethylene (PE),
polyvinyl chloride (PVC), polyamide (PA), polycarbonate (PC),
and polyethylene glycol terephthalate (PET). Overall, PP had the
highest detection rate (27%), followed by PE (15%), PA and PET
accounted for the same percentage (14%), and the lowest percentage
was PC (8%).

From the distribution characteristics in different organs
(Figure 5), PP was found in the viscera and body fluids of the S.
constricta, while PS was apparently mainly distributed in the body
fluids, with very few detected in the viscera and none in the muscles,
which seems to make the S. constricta naturally “immune” to PSin a
cultural environment where PS is widely present in the external
environment. The other aggregation types were detected in one or
two traces in the muscle, and the main distribution was
concentrated in the viscera and body fluids, suggesting that
microplastic contamination in the external environment can be
ingested by S. constricta and enter the visceral tissues, including the
digestive tract. Since the study did not further subdivide the visceral
tissues into specific organs such as the intestine and liver, it is not

100%
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60%
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20%
10%
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Muscle

granule

Viscera Body fluid

Distribution of microplastic shapes in different organs of Sinonovacula constricta between farm and market samples.
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Distribution of color in Sinonovacula constricta between farm and market samples.
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possible to infer whether microplastic contamination from the
digestive system would enter other systems. In contrast, in the
market samples, PP was mainly found in the visceral organs, with
trace amounts detected in body fluids and muscles. PS was not
detected in any of the samples, and in contrast to the farmed S.
constricta, it can be inferred that PS was in fact objectively present in
the farmed environment and therefore was detected in the farmed
viscera. It is possible that the PS was excreted when the S. constricta
spit out sediment in the seafood pool. PS was detected in both
farmed and market S. constricta samples. In the market samples,
other polymer types were detected in the viscera, only one PE was
detected in the body fluids, and no PC was detected in the muscle of
the market samples.

4 Discussion
4.1 Abundance and size of microplastics
The number of microplastics in farm samples was over three

times that in market samples. The reason may be that S. constricta
from markets is washed and cleaned before being sold and placed in
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the seafood ponds. S. constricta may excrete some of the
microplastics from their bodies when they breathe and feed in
clear water. Further investigation found that the S. constricta sold in
the Zhangzhou Xin Hua Du market were generally from local
aquaculture farms. It is possible that some procedures from the
farm to the market seafood pools have changed the microplastic
content. For example, after harvesting from the farm, a large
amount of attached soil needs to be cleaned off, and before being
placed on market shelves, further cleaning is required before the
seafood pool. Logistics such as transportation and storage may also
affect microplastic abundance before and after. Van Cauwenberghe
and Janssen (2014) observed that microplastic concentrations in
mussels and oysters were reduced by approximately 30% after 3
days of decontamination. In contrast, microplastic contamination
levels in bivalve shellfish mirror microplastic pollution levels in
sediment and water around cultivation farms (Qu et al., 2018). In
particular, farmed organisms like S. constricta, which live in
mudflats for a long time, can reflect the level of microplastic
contamination in their habitat. Overall, from the perspective of
aquatic product quality and safety, it can be seen that the abundance
of microplastics in S. constricta of Zhangzhou decreased
significantly (69.3%) from farms to markets.

In terms of size distribution, smaller microplastics were more
likely to be ingested into the digestive tract and other internal
organs. The samples collected at the farm site had a higher detection
rate because microplastics from the environment were more likely
to be attached to the outside. Several stages of cleaning from the
farm to the market seafood pools may have removed the larger-size
microplastics attached to the outside, resulting in a higher relative
proportion of smaller-size microplastics. Overall, the high
proportion of smaller microplastics predicts a higher proportion
of small-sized microplastics in the S. constricta aquaculture
environment. In addition to primary microplastics such as
cosmetics and other sources of smaller-size microplastic particles,
the longer the plastic is present in the environment, the more likely
it is to break down into smaller-size microplastics. The detection of
smaller-size microplastics in all samples may indicate the long-term
occurrence of microplastics in the farming environment.

4.2 Microplastics in organs and the
biometric correlation

S. constricta samples in markets were more mature with bigger
sizes, and the detection rate of the viscera was higher. The absence
of microplastics in body fluid observation may be related to the
cleaning in logistics or the selling process. S. constricta for sale in the
market seafood ponds will generally spit out some sediments and
may also release some microplastics. Farmed S. constricta samples
were collected in the loose mudflats at the junction of salt and fresh
water in the Jiulong River estuary. The S. constricta dig burrows,
and when the burrows are flooded with water, they will feed, mainly
on diatoms and other algae. When feeding, water enters the cavity
of the S. conmstricta through the inlet pipe, and then the water is
respired and filtered by the gills before being discharged from the
body through the outlet pipe. During this process, the gills filter the
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food out of the water, which is then passed into the stomach for
digestion. Microplastics with small sizes in aquaculture farms may
be accidentally ingested during the above process, and they may
become difficult to digest and remain temporarily in the digestive
tract. The above experimental results also suggest that the feeding
behavior of S. constricta may be related to the high percentage of
microplastics in the gut. It has been suggested that microplastic
contamination in organisms may be influenced by their own
feeding behavior in addition to the surrounding environment,
which may affect the distribution characteristics in vivo
(Thammatorn and Pali¢, 2022; Deng et al, 2023). In contrast,
microplastics in cultured S. constricta samples were mainly
distributed in the internal organs and body fluids. In terms of size
distribution characteristics, larger sizes (over 30 pm) accounted for
a higher percentage of body fluids. Microplastics with smaller
particle sizes were more easily ingested and accounted for a
higher percentage compared to larger sizes. The microplastics
found in body fluids should be from the environment attached to
the body surface and muscle surface, while microplastics in the
muscle may be staining the inner wall of the coated membrane or
embedded in the muscle. Microplastics detected in muscle were
only found in samples with small particle sizes (1 um), and only one
microplastic with a large particle size was found in Sample S3. More
microplastics were detected in body fluids of cultured samples than
muscle because the muscle is wrapped by the shell; usually, only a
part of the muscle will be exposed while the shell is fully exposed to
the environment; the exposed area is larger than the muscle, and
there may be more microplastics attached.

There were significant differences in body fluid samples between
farms and markets. It should be noted that the proportion of
microplastics is a relative value. Almost half of the microplastics
were basically removed after cleaning from the farms, and the S.
constricta sold in markets also came from farms. Regardless of the
farm or market samples, the microplastics detected in the muscle
were minimal, and the percentage of visceral microplastics was still
relatively high. Unlike fish, whose main eating part is the muscle, S.
constricta can be eaten whole without removing the internal organs,
including the digestive system, and microplastics in the internal
tissues may be a major potential health risk factor.

One study reported the microplastic contamination and
characteristics of bivalve shellfish collected from coastal areas of
Yantai, China, demonstrating a strong correlation between
microplastic abundance and mollusk biometric parameters (shell
length, shell height, and soft tissue weight). It was concluded that
buried bivalves with long growth periods and high weights
contained large amounts of microplastics (Cho et al., 2019).
However, the experimental results in this paper showed that there
was no correlation between individual microplastic abundance (n/
a) and sample weight (g), regardless if based on the individual
abundance of microplastics or abundance per unit mass. It is
speculated that this may be due to the fact that the sample
contained two collection sources, the farm site and the market
seafood pond, where the presence of microplastics on the body
surface from different environments had a greater effect on the
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overall abundance content. It may also be because of the small
number of samples, which is insufficient to support correlation
analysis. However, when viewed separately, it can be seen that
microplastic abundance in the farm (within the orange dashed
circle in Figure 6) samples did not correlate with weight, while
market samples showed a positive correlation between microplastic
abundance and weight (shown by the dashed green straight line in
Figure 6). Future studies can increase the number of samples and
subdivide different organ weights as microplastic abundance
correlation factors to improve the accuracy and objectivity of the
overall study.

4.3 Interfering sources of microplastic
shape and color

The large proportion of fibrous microplastics may be related to
its source of contamination in the environment of aquaculture
farms. Studies have shown that fiber shedding occurs in the washing
process of various fibrous textiles (Stark, 2022). Browne et al. (2011)
made a statistical result of the dropped fibers produced by PET
fabric after washing: 1,900 dropped fibers are produced by each
garment. Another source of fibrous microplastics may also be
fishing gears used in fishery and aquaculture activities, such as
fishing nets, fishing lines, and ropes. These fishing gears can be
discarded or lost for various reasons, and statistics indicate that
discarded fishing nets can account for at least 46% of the total
weight of Pacific Ocean trash and that more than 11,000 tons of nets
may be discarded each year (Zhu et al,, 2019). At the same time, the
fishing gear may also shed fibers due to friction, wear, and pulling
during use. In summary, the overall shape characteristics of the S.
constricta samples predicted that their microplastic sources may be
mainly secondary microplastics because their shapes are not regular
microplastic particles or small round balls. It is speculated that the
microplastics may come from the aquaculture environment, plastic
products used in aquaculture activities, and surrounding
sewage discharge.

The results of the highest proportion of fibers in S. constricta
samples from Zhangzhou are consistent with the research results of
some scholars. It was found that fibrous microplastics accounted for
95.4% of the total microplastics in more than 10 species collected
from Xiangshan Bay, including large yellow crocea, short-spined
silver perch, goby, and oyster (Yu et al., 2022). The reason for the
large proportion of fibrous microplastics in organisms may be that
fibrous microplastics, due to their slender, elongated shape, are
more easily broken down and torn into smaller fibers by physical
and chemical effects in the environment when compared to
fragmented and granular microplastics. The fine fibers are
difficult to be detected when suspended in the water environment,
and they are very easy to be eaten by aquatic organisms by accident
during feeding. Such fine fibers are easily attached to the gills and
digestive tract of aquatic organisms and are difficult to be
discharged from the body, resulting in their accumulation in
the organism.
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Microplastics need to pass from the environmental medium to
the body from outside to inside through body fluids and internal
tissues such as the digestive tract and finally may be metabolized
into the muscle. The high percentage of foamy microplastics in body
fluids traceable in the viscera, but not in the muscle, may indicate
that the S. constricta have a natural feeding screening or excretion
function for foamy microplastics. In contrast, market samples had a
more uniform distribution of fibrous microplastics in different
organ tissues, which may indicate that fibrous forms are more
likely to enter different organs in S. constricta from the
environment. This is the same as the conclusion from the study
of microplastics in oysters from Georgia estuaries that microfibrils
and microfragments were considered more difficult to excrete in
filter feeders (Keisling et al., 2020; Ding et al., 2022).

At the same time, the widespread and high proportion of fibrous
forms of microplastics detected in different organs may also indicate
that the washing in the distribution and sales chain does not
thoroughly remove microplastics of this shape, or it may be that
fibrous microplastics endowed in S. constricta are not easily
excreted in the seafood pool. In contrast, the granular form was
higher in the muscles of market S. constricta samples than in the
guts, probably because granular microplastics are more easily
excreted from the digestive organs. Foamy microplastics were not
detected in any of the three organ tissues of the market samples,
with reference to the samples collected at the farm. In addition to
the above reasons, foamy microplastics are lighter and more likely
to float on the surface of the seafood pool, easily removed in the
process of distribution and sales chain cleaning.

S. constricta samples collected directly from the farm basically
reflect the environmental conditions of the culture more
realistically. Two typical patterns of S. constricta culture can be
observed at the farm in Gan Wen Farm, Longhai District,
Zhangzhou, one of which is the deployment of purple plastic nets
at the bottom of the mudflats to facilitate harvesting on a large scale
during the harvesting season, which may account for the prevalence
of purple microplastics detected. The high percentage of gray
microplastics in S. constricta samples from farms may be due to
the color of the plastic itself, a large amount of discarded foamy gray
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plastic from farms may be its source, or the white or transparent
microplastics may have been affected by environmental factors such
as UV light, changing the original color. In contrast, the color
distribution characteristics of market constrictor samples are
somewhat different from those of the farms, with the market
samples accounting for a higher percentage of the color purple
(52%). As mentioned above, the heavy use of purple ground nets
during the harvest season may be their main source. Red
microplastics were only detected in market samples, presumably
not from farms but probably introduced during the distribution or
sales process. Market samples were dominated by purple
microplastics, while farms were dominated by gray. In addition,
the color of the farm and market samples was relatively consistent.

4.4 Polymers and their risk evaluation

The excessive percent of PE and PP is common because those
polymers are usually found in aquaculture environments, which
may be a probable purpose for the abundance of those compound
varieties in S. constricta as they will be filter-feeding species (Cole
etal, 2011; Lambert and Wagner, 2016). Plastic materials of PE, PP,
PET, and PA are broadly used in fisheries and aquaculture,
including plastic ropes, nets, and tubes (Laskar & Kumar, 2019).
These plastic merchandises are crucial for bivalve aquaculture in
nearshore waters through rafting or backside seeding. Plastic
products utilized in aquaculture regions produce huge quantities
of microplastics after prolonged exposure to sunlight radiation and
mechanical wear (Song et al., 2021). PET is a vital fibrous chemical
compound element within the textile business and is often found in
microplastic samples from marine accumulation. The supply of
PET is expected to come from the decomposition of clothing and
carpets that square measure discharged into the marine setting with
sewerage (Dalla Fontana et al., 2020). The above results suggest that
environmental pollution and polymer composition may influence
the microplastic contamination of bivalves. More types of polymers
were detected in farm samples, and no PS was detected in market
samples, which may be due to the fact that PS floats easily in water
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and is easily removed by washing during distribution and sales. The
highest percentage of farm samples was PP, and the lowest was PC,
which is the same as the results detected in market samples. Overall,
the microplastics in the farmed S. constricta samples were more
diverse and numerous. The cleaning and natural sedimentation
behavior of S. constricta in all stages of distribution and sale, from
the farm to market seafood ponds, greatly reduces the level of
microplastic contamination.

Analysis of the organ distribution characteristics shows that the
viscera and body surface are the main microplastic-bearing tissues;
in the muscle, microplastics are rarely present; in the body surface,
microplastic can be removed by washing; the viscera is the main
part that ensures the quality and safety of fish products. Unlike most
fish, S. constricta is generally consumed without removing the
internal organs, which may pose a potential human health risk
(Figure 7). Microplastics are shown to possess harmful effects on the
growth, feeding, development, and longevity of various organisms
(Mazurais et al, 2015; Chae and An, 2020). A study in which
European perch were placed in cultures containing polyvinyl
chloride particles found that polyvinyl chloride caused
inflammation in the intestine of European perch, especially after
exposure experiments lasting 90 days. European perch showed
severe degradation of intestinal function, with some intestinal
functions completely impaired (Peda et al., 2016). In addition, the
intake of microplastics will cause abrasions and ulcers in the
organism, blocking the digestive tract and leading to early satiety,
hunger, and degeneration (Wright et al., 2013; Koraltan et al., 2022;
Kalcikova, 2023). Wang et al. (2021) found that microplastics
caused metabolic disorders in bivalves such as oysters, philippine
clams, and ctenophore scallops after microplastic exposure
experiments, which damaged the stomach and digestive glands of
the shellfish, reducing feeding and respiration rates. Therefore, this
might result in reduced feeding ability and procreative
diversifications, which can lead to reduced rejection of predators
and ultimately mortality (Haegerbacumer et al., 2019). For mussels,
enhanced concentrations of microplastics (PE, PS, and PVC) will
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Biological
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transfer
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FIGURE 7
Pathway of microplastics from farms to seafood as health risk.
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cut back respiration rates, filtration, and attachment strength or
increase mortality (Browne et al., 2008; Hoellein et al., 2021).

Some studies have calculated the annual dietary intake of
microplastics by humans through the consumption of bivalve
shellfish (Van Cauwenberghe and Janssen, 2014; Barboza et al.,
2018; Cho et al, 2019). However, the danger displayed by
microplastics in seafood to human health continues to be mostly
unknown (Barboza et al,, 2018). Of all the polymers detected in
seafood, PU, PAN, and PVC are the top three polymers with the
highest hazard scores, mainly because the chemical monomers
contained in these polymers are thought to cause serious health
effects and even cancer (Lithner et al,, 2011). Consistent with the
analysis of scholars, the chemical compound polymer hazard index
(PHI) and risk level criteria of microplastic pollution square
measure are shown in Table 5 (Xu et al., 2018).

In this paper, the potential risk of microplastics in Zhangzhou S.
constricta was assessed based on the polymer type and its hazard
score (Lithner et al, 2011) as a microplastic risk indicator. The
results showed that the hazard risk level of microplastics in
Zhangzhou S. constricta all reached level III and did not reach
level IV (Figure 8). Overall hazard risk H value is 669, of which
market hazard risk value H is 819, exceeding the H value of 623 for
farmed S. conmstricta. The potential risk level of microplastics to
human health in Zhangzhou S. constricta is higher than the
maximum value of hazard class II (100) but lower than the
minimum value of hazard class IV (1000). However, the direct
connection between the real risk and the risk index figures remains
subject to additional research projects and discussion. Given the
broad consistency of the microplastic fugacity characteristics and
effluent levels within the Zhangzhou S. constricta according here
with the global shellfish microplastic contamination characteristics,
it is necessary to discuss the danger to human health exhibited by
microplastics. Although there is proof that the potential human
health risk is going to be reduced once the variety of meat is
removed, the consumption habits of S. constricta might increase the
potential risk.

Dining table
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TABLE 5 The polymer hazard index (PHI) and risk level criteria of
microplastic pollution.

Polymer hazard index Risk category

<10 I

10-100 I
100-1,000 1T
>1,000 v

It is noteworthy that market samples had the lowest abundance
of microplastics, with an average of 0.89 n/g, while farmed samples
had an average abundance of 3.65 n/g; yet the polymer hazard risk
index of the market samples exceeded that of farmed S. constricta
(819 > 623). The reason for this may be related to the difference in
the type and percentage of polymers in markets and cultured S.
constricta. PVC had the highest hazard index for the polymers
found in the Zhangzhou S. constricta samples, while the percentage
of PVC in the market samples exceeded that of the cultured, which
resulted in an overall higher hazard index for markets. Since this
study solely provided a really limited potential hazard index for a
restricted variety of polymers, and therefore the potential hazard
index was calculated supported monomers, the potential human
health risks measurable during this study are also biased to some
extent. Although the danger of ingesting microplastics is
nonetheless great, it is necessary to notice that our analysis does
not target actual knowledge but rather provides a preliminary
discussion for any risk assessment of all bivalve shellfish.
Improved assessment models and extra chemical compound
hazard index knowledge are required to value the potential risk to
human health from microplastics in seafood more accurately.

5 Conclusion

Microplastics were detected in all Zhangzhou S. constricta
samples, which may be the main pathway of microplastic
ingestion by aquatic products. The abundance of microplastics in

10.3389/fmars.2023.1151523

farmed S. constricta (3.65 n/g) was higher than in market samples
(0.89 n/g), and microplastics detected in farmed S. constricta were
more than four times higher than in market samples despite their
smaller weight, which was mainly influenced by the body fluid
fugacity. In terms of physical properties, the microplastics observed
in Zhangzhou S. constricta samples were mainly small in size, which
may be related to the high proportion of small- and medium-size
microplastics in the farming environment. Although S. constricta
can ingest microplastics, their transport from the body surface to
the viscera and then metabolism into muscle tissue is substantially
reduced (69.3%). The high variety of colors detected may indicate a
complex and diverse origin. A total of four shapes were detected,
with the highest percentage of fibrous shape. In contrast, foam-like
microplastics were not detected in the market samples. This may be
due to the fact that foam is easily removed during the logistics and
sales cleaning process. The overall shape characteristics of the S.
constricta samples suggest that the source of microplastics may be
mainly secondary microplastics. The detection of smaller-size
microplastics in all samples may indicate the long-term fugacity
of microplastics in the culture environment.

In terms of chemical properties and risk of harm, a total of
seven polymers were detected, with the highest detection rate of PP
and PS mainly in body fluids, very little in internal organs, and not
detected in muscle, and it seems that S. constricta is naturally
“immune” to PS in a farming environment where PS is widely
present in the external environment. The overall microplastic
abundance of S. constricta in Zhangzhou was not correlated with
sample weight, while market samples showed a positive correlation
between abundance and weight. In terms of polymer hazard, the
risk level reached level III. PVC had the highest hazard index among
the polymers found in the Zhangzhou S. constricta samples, while
the percentage of PVC in the market samples exceeded that of the
cultured S. constricta, which resulted in a higher hazard risk index
in the market samples despite their lower abundance. Although the
danger of ingesting microplastics is not well-known, our analysis
does not target precise knowledge but rather provides a preliminary
discussion for additional risk assessment of S. constricta and all
bivalve shellfish. S. constricta are popular seafood, and unlike fish
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whose primary eating site is the muscle, S. constricta can be
consumed whole without the removal of internal organs,
including the digestive system, and microplastics in the internal
tissues may be a major potential health risk impact factor.
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