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ABSTRACT

Microplastic pollution in marine environments and organisms has received a great deal of international
attention. However, the long-term field studies of microplastics are rare. Here, we assessed annual
variation in microplastic abundance in the Maowei Sea, a classic mariculture bay in southern China, and
analyzed the long-term accumulation in oyster tissues. U-shaped time trends of microplastics in water
were observed from January to December in 2018 in the estuarine region, inner bay, and mouth bay sites,
representing an inverse relationship with the local rainfall patterns. The common microplastic particles
in Maowei Sea are PET/PE fibers, and polystyrene foams, which are mainly related to textile pollution and
fishery activities. After one year of continuous monitoring, we did not find accumulation of microplastics
in the whole soft tissues of oyster after 10% KOH digestion. No significant correlation of microplastic
abundances between water and oysters was observed. The microplastic abundance in oyster was
correlated with some environmental variables (i.e. salinity, pH, nutrients and total organic carbon) of the
surrounding water following Spearman correlation analysis. The microplastic levels in oysters could
probably be influenced by the environmental variables.

© 2021 Elsevier Ltd. All rights reserved.

1. Introduction

Microplastics are omnipresent in marine systems globally.
Plastic particles with sizes ranges from 1 pm to 5 mm in diameter
are generally considered microplastics (Frias and Nash, 2019;
GESAMP, 2015). Microplastics are of concern because the small
particles can be ingested by a variety of organisms and eliminating
them from the environment is difficult (Rocha-Santos and Duarte,
2015; Hollman et al., 2013; Chen et al., 2019; Hurley et al., 2017).
Microplastic abundance in estuarine ecosystems has been reported
to be much higher than in surrounding ecosystems (Zhang, 2017;
Fok and Cheung, 2015). For example, Hong Kong, located at the
Pearl River Estuary, is a microplastic pollution hotspot (Fok and
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Cheung, 2015). Estuaries provide habitats for a high number of
organisms and have high productivity levels (McLusky and Elliott,
2004), and support many fishery and mariculture bays. Aban-
doned, lost, or otherwise discarded fishing gears are thought to be
the main contributors to the generation of microplastics in aquatic
environments in the fishery and mariculture sectors (Lusher et al.,
2017). The commercial gears which have the potential for greatest
contribution to microplastic loads are the nettings used in benthic
dredges and trawls and in particular the ground ropes (Lusher et al.,
2017). In addition to the in-use degradation of fishing gears, and
despite careful maintenance, analysis of the abundance of aban-
doned, lost or otherwise discarded fishing gears have shown that
many kilometres of netting are lost to the marine environment each
year (Macfadyen et al., 2009). Currently, only a handful of studies
have sought to quantify microplastics in mariculture bays, and the
reports are restricted to China (Chen et al., 2018; Feng et al., 2019;
Zhu et al., 2019) and Brazil (Castro et al., 2016).

A mariculture bay is an enclosed area of the ocean, with multiple
in-flowing rivers or streams, and a link to the open sea. As the
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transition zones between river and maritime ecosystems, mari-
culture bays receive land, river, and sea-based microplastic inputs,
including surface runoff, sewage discharge, effluents from indus-
trial plants, tourism, riverine discharge, shipping, fisheries, and
mariculture (Auta et al., 2017; Zhang, 2017; Lusher et al., 2017;
Browne et al., 2011; Wagner et al., 2014 ). Microplastic monitoring in
mariculture bays is essential for elucidating sources, transport, and
distribution of microplastics. Furthermore, mariculture is an
important source of seafood globally, and seafood has been the
most studied dietary intake route of microplastics (Lusher et al.,
2017; Cox et al., 2019). In general, fish species are consumed after
removing their gastrointestinal tracts, while most bivalves are
consumed whole, which greatly increases the risk of microplastic
ingestion. However, most publications on the contamination of
microplastics in bivalves mainly refer to wild sources, with less
attention on farmed sources (Lusher et al., 2017).

The ingestion of microplastics by aquatic organisms, particularly
commercially important species, has increasingly attracted the
attention of researchers. Mussels and oysters are used extensively
in laboratory exposure experiments to investigate the uptake,
accumulation, and clearance of microplastics. Bioaccumulation is a
dynamic process involving contaminants in the environments and
their uptake by exposed organisms through time, and then toxicity
can manifest after bioaccumulation occurs (Wang, 2016). Filtration
rate and particle size of microplastics have been reported as
important factors in the biodynamics of microplastics in bivalves
(Setala et al., 2014; Van Cauwenberghe et al., 2015). Filtration rate
of bivalves is regulated by the nutrient levels in the water and
growth status of bivalves (Gosling, 2008). It is remains unclear if
bivalves bioaccumulate plastic particles. Qu et al. (2018) reported a
significant linear increase in microplastic ingestion in mussels after
5 days of increasing exposure. Conversely, related laboratory ex-
periments suggest bivalves do not bioaccumulate microplastics
(Fernandez and Albentosa, 2019; Rist et al., 2019; Xu et al., 2017).
Notably, organisms in most laboratory researches are exposed to
unrealistically high doses of microplastics over relatively short
exposure times (Lambert et al, 2017; Koelmans et al., 2017;
Rochman et al., 2016). Only a few field studies have investigated the
accumulation of microplastics by aquatic organisms based on cor-
relation with field data (Li et al., 2018a,b; Su et al., 2016). There is a
lack of long-term field reports on the accumulation of microplastics
during growth in organisms.

Microplastics are distributed unevenly in water bodies. How-
ever, most studies obtained samples only one or two times during
the dry and wet seasons (Eo et al., 2019; Rodrigues et al., 2018; Frere
et al,, 2017; Lima et al., 2014; Cheung et al., 2018). Eo et al. (2019)
demonstrated seasonal variation in microplastic abundance in the
Nakdong River, South Korea, reporting that 70—80% of the annual
microplastic load occurred in the wet season. The findings are
consistent with observation made from the eight major rivers of the
Pearl River Delta, China, with the winter and summer seasons
having the lowest and highest riverine inputs, respectively (Mai
et al.,, 2019). Such variations can be explained by the difference in
water discharges. It is necessary to monitor at least between the
wet and dry seasons to acquire the representative level of micro-
plastic pollution (Shim et al., 2018). Currently, there are significant
knowledge gaps on how microplastics vary with time and across
seasons.

We assessed the long-term trends in microplastic concentra-
tions in a mariculture zone and the correlation between field
concentrations and accumulation by bivalves in the Maowei Sea, a
semi-closed area in the northwestern Beibu Gulf, South China Sea.
We found in a previous study that microplastics are universal in the
Maowei Sea (Zhu et al., 2019). In the present study, microplastics
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with sizes >5 um in diameter were sampled monthly from
January—December 2018 from surface water and oysters in estua-
rine region, inner bay, mouth bay, and open bay sites of the Maowei
Sea. Environmental variables including water temperature, pH,
salinity, dissolved oxygen, total organic carbon, total nitrogen, total
phosphorus, chlorophyll a, and zooplankton biomass were also
measured. Furthermore, potential correlations and factors influ-
encing long-term microplastic trends in surface water and oysters
were analyzed.

2. Material and methods
2.1. Sample collection

Sampling sites were selected in the estuarine region (S1), inner
bay (S2), mouth bay (S3), and open bay (S4) locations of Maowei
Sea (Fig. 1), the detailed information is presented in Table S1. The
sites were located from north to south in the Maowei Sea, and the
salinity in the sites ranged from O to 25 psp. We rented oyster rafts
from the local fishermen at each site, and the oysters were trans-
planted to the sites to be monitored from January to December
2018. At each site, three 5-L surface water (<10 cm in depth) were
collected using a steel bucket, and the water were filled into glass
bottles. A string of oysters (60—100 cm, about 10 individuals each)
was collected from the farmed raft at each site. Surface water
samples were collected every mid-month from January to
December 2018, yielding 12 sampling events. Oyster samples were
collected monthly beginning in the second month (February),
resulting in a total of 11 sampling events. We failed to collect oyster
samples at S4 in February because of the bad weather.

Environmental variables including water temperature, pH,
salinity, dissolved oxygen, total organic carbon, total nitrogen, total
phosphorus, chlorophyll a, and zooplankton biomass were also
measured. Zooplankton samples were obtained by vertical hauls
from about 1 m above the seafloor to the surface using a plankton
net (505 pm mesh size, 50 cm mouth diameter), then preserved in a
1-L polyethylene bottle with formalin at a final concentration 5%.
The volume of filtered water was obtained by the rope length
multiplied with the mouth area (m?). Water temperature, pH,
salinity, and dissolved oxygen (DO) were measured in situ by YSI
6600 multi-probes sensor (USA). Water samples were collected
using 5-L Polyethylene bottles at about 0.5 m below the surface of
the seawater for total organic carbon, nutrients, and chlorophyll a
analysis.

2.2. Quality control of the experiments

To avoid microplastic contamination, the following methods
described in our previous study (Zhu et al., 2019) were employed in
this study. Cotton clothes were worn during all steps of sampling
and analytical procedures. All liquids, such as potassium hydroxide
(KOH) and tap water, were filtered through a 1-pm-pore size Nylon
membrane before use. All lab supplies were rinsed with filtered
pure water three times. The samples were capped with lids or
covered with tinfoil promptly after every operation. Three blanks
were prepared using three glass bottles, and the lids remained open
during sampling. The field blanks were transported back to the
laboratory and analyzed along with the field samples. In the labo-
ratory, blanks were filled with filtered pure water, and were treated
with the same protocol used for samples. The reported abundances
were corrected using average blank concentration.

2.3. Isolation of microplastics

The protocol for extraction of microplastics from water followed
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Fig. 1. Geographical locations of long-term sampling sites in Maowei Sea.

procedures of Gago et al. (2018) with some modifications. Water
samples were filtered onto a Nylon membrane with 47 mm diam-
eter and 5-pm-pore size (Millipore, Burlington, MA, USA,
NY2004700) facilitated with a vacuum pump (FY-3C-N, VALUE,
China). Next, materials on the membrane, including organic matter,
were carefully washed into a 250 mL conical flask. Potassium hy-
droxide solution was added at 1:3 vol sample:solution ratio to
digest the biological material (10% KOH was prepared and filtered
through a 1-um-pore size membrane). The mixture was placed in a
vapour-bath constant temperature sample shaker (SHZ-82,
Shanghai, China) at 40 °C and stirred at 80 rpm for about 48 h. The
digested materials were pumped onto a Nylon membrane with
47 mm diameter and 5-pm-pore size (Millipore, NY2004700). After
that, the membrane was stored in a clean Petri dish with lid for
further examination.

A string of oysters was divided into top, center, and bottom
groups depending on the depth. The tissues from the oysters in
each group were pooled together during analysis, and the con-
centration per individual is the group concentration divided by
three. Nine individuals were totally analyzed in one string of oys-
ters. The weights and lengths of oysters were recorded, and then
the gills, digestive glands, and other tissues were removed (Fig. 4A)
and weighed (Table S2). The above tissues were digested following
our previous study with minor modifications (Zhu et al., 2019).
Briefly, soft tissues were digested with 10% KOH liquid at 40 °C with
stirring at 80 rpm for about 48—72 h in a vapour-bath constant
temperature sample shaker (SHZ-82, Shanghai, China). The diges-
ted materials were pumped onto a Nylon membrane with 47 mm
diameter and 5-um-pore size (Millipore, NY2004700). After that,
the membrane was stored in a clean Petri dish with lid for further
examination.

2.4. Observation and validation of microplastics

All filters were observed under a Cnoptec SZ680 stereomicro-
scope (Chongqing, China), with all images obtained using an Axi-
oCam digital camera. All particles from each sample were
transferred to a cellulose nitrate grid filter (Whatman WME, 47 mm
diameter, 0.45-pum-pore size) for micro-Fourier transformed
infrared spectroscopy (u-FT-IR, Nicolet iN10 MX, Thermo Fisher
Scientific, USA) identification in transmittance mode (Hu et al,,
2018; Hermsen et al., 2018). The particles on the cellulose nitrate
grid filters were transferred onto the microcompression cell Il using
a tweezer for identification with diamond window using FTIR in-
strument (Zhang et al., 2020). Considering that large amounts of
fibers were predominant in all samples, 5—10 fiber particles from
each sample were randomly chosen and identified, while other
shape particles were all analyzed. In total, 764 fibrous and 902 non-
fibrous particles were identified. The spectrum was compared
straightway with the library of polymers supplied by the software
of Thermo Fisher Scientific (OMNIC Picta). Spectra with quality
index of >60% were accepted in this study (Yang et al., 2015). The
reported characteristics of microplastics (i.e. color, shape and size)
were corrected using their type-specific concentrations found in
the blank. If there were no same type particles found in the sam-
ples, the corresponding type-specific concentrations remain un-
changed. Because not all particles were identified using p-FI-IR, the
polymer characteristics was corrected using specific blank con-
centrations multiplied by p-FT-IR identified ratio.

The physical properties of microplastics were identified based
on Gago et al. (2018). The identified colors were white, yellow, blue,
green, red, and black. The shape of microplastics was categorized by
their morphological characteristics: fiber (Fig. 2A), film (Fig. 2B),
foam (Fig. 2C) and fragment (Fig. 2D). The size of microplastic
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Fig. 2. Characteristics of microplastics in water and oyster samples. Abbreviations: PET: polyester; PP: polypropylene; PE: polyethylene; PA: polyamide (nylon); PS: polystyrene;

POM: polyoxymethylene; PU: polyether urethane; PBT: polybutylene terephthalate.

particles was obtained by measuring the longest dimension with
ImageView 3.7 software, and were classified into four groups:
1-5 mm, 0.5—1 mm, 0.25—0.5 mm, < 0.25 mm (Zhu et al., 2019).

2.5. Laboratory analysis of environmental variables

Total nitrogen and total phosphorus samples were pretreated
using alkaline persulfate digestion and potassium persulphate
digestion, respectively, then were determined using a AutoAnalyzer
3 (SEAL, Germany). For chlorophyll a (Chl-a), the water samples
were filtered onto a 0.7 um GF/F-filter (Whatman, England). The
filters were evenly soaked with 1—2 drops of saturated magnesium
carbonate. The Chl-a concentration was determined with an ul-
traviolet visible spectrophotometer (DR6000, HACH, USA) after
extraction with 90% acetone (v/v) in darkness for 24 h at 4 °C. Total
organic carbon concentration was directly determined using a TOC-
L analyzer (Shimadzu, Japan). Zooplankton biomass were measured
using weight measurement (Table S3).

2.6. Data analysis

The microplastic abundance in water was expressed as average
particles per liter + standard error of mean (SEM) (n = 3), using
standard propagation of error methods (Bevington et al., 1993). The
microplastic abundance in oyster samples (three replicates, nine
individuals) was expressed as average particles per wet gram of
digested tissue and per individual + SEM respectively. Statistic
analysis was performed using IBM SPSS Statistics (IBM Corp.,
Armonk, NY, USA), GraphPad Prism v5.0 (GraphPad Software Inc.,
San Diego, CA, USA), and Origin 9.0 (OriginLab Corporation,
Northampton, MA, USA) software. Mean differences of microplastic
abundances among samples were assessed using repeated mea-
sures ANOVA followed by Dunnett post-hoc test. Independent
samples t-test was used for each two group comparison. The
repeated measures ANOVA and t-test models were first checked for
normality and homogeneity of variables. If the variables was not
uniform, the dependent variable was log-transformed. The

correlation of microplastic abundances and environmental vari-
ables of surrounding water was evaluated with Spearman correla-
tion rank, using IBM SPSS Statistics software.

3. Results
3.1. Identification and characteristics of microplastics

Contamination of 0.7 + 0.4 particles per blank was detected
(n = 3), which may be caused by airborne microplastics (Dris et al.,
2015; Zhang et al., 2020). The final abundance was corrected by the
procedural blank data. The most abundant polymers in water
samples were polyester (PET, 60.3%) followed by polystyrene (PS,
14.3%) and polyethylene (PE, 7.0%). In oyster samples, PET (53.2%)
also dominated but were followed by polyoxymethylene (POM,
14.2%) and polyether urethane (PU, 9.5%) (Fig. 2E). Multiple colors
of microplastics were observed, with blue particles most abundant
in water samples, while blue and white particles were predominant
in oyster samples. Fiber was the dominant component among all
samples, followed by foam and film respectively in water and oyster
samples. Microplastic particles with sizes of 1-5 mm were more
frequently observed in water samples (54.4%) than oyster samples
(28.6%) (p < 0.05).

3.2. Microplastics in water

There were 1.47—7.61 particles/L of microplastics in the water in
Maowei Sea from January to December 2018 (Fig. 3). The annual
average abundance of microplastics in the inner bay (S2, 3.78 + 0.43
particles/L) and mouth bay (S3, 3.74 + 0.49) were slightly higher
than the annual average abundance in the open bay (5S4,
3.45 + 0.39) and estuarine (S1, 3.53 + 0.46) sites (p > 0.05) (Fig. S1).
In addition, there was significant variation in the temporal distri-
bution of microplastics across sampling sites (p < 0.05) (Fig. 3). In
the estuarine nursery site (S1), the abundance of microplastics
exhibited a downward trend in the first half of 2018, and then
increased gradually in the second half of 2018, excluding in July and
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November. In addition, similar U-shaped time trends were
observed at S2 and S3. No significant time trends were observed at
S4. The abundance of microplastics peaked in Nov. at S1-S3 and
increased suddenly in July at S1.

3.3. Microplastics in oyster

Microplastics were detected in the soft tissues of all oyster
samples at S1, 99% samples at S2, 98% samples at S3, and 80%
samples at S4. Furthermore, microplastics were observed in the
digestive gland (64%), gill (55%), and other tissues (58%) of oysters
(Fig. 4A) collected from Maowei Sea. More microplastics were
observed in the gills (7.05 + 1.21 particles/g), followed by digestive
glands (2.84 + 0.44 particles/g), and other tissues (0.59 + 0.08
particles/g) based on particles per gram wet weight (Fig. 4B).
However, no significant differences were observed between
different oyster organs, based on particles per individual unit
(Fig. S2A). No significant differences were observed in microplastic
abundance among the top, center, and bottom groups both in
particles per gram unit (Fig. 4C) and in particles per individual unit
(Fig. S2B).

Oysters from the open bay (S4) in the Maowei Sea were the
fattest, followed by those at S2—S3 and S1 (p < 0.05) (Fig. S2C).
Conversely, microplastic pollution was most severe in oysters from
S1 (2.44 + 0.41 particles/g), followed by S2—S3 (0.88 + 0.14 parti-
cles/g) and S4 (0.42 + 0.09 particles/g) (p < 0.05) (Fig. 4D). Similar
spatial variations were also observed based on particles per indi-
vidual unit (Fig. S2D).

The time trends of microplastics in 2018 indicated no accumu-
lation in oyster tissues (Fig. 5). Oysters had lower levels of micro-
plastics in winter than in summer at S1 (excluding June) and S4

A S1

Abundance (particles/g)

S
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(Fig. 5A, D). The oysters at S2 were less contaminated in the first
half of 2018 than in the second half of the year (Fig. 5B). Similar
time trends were observed based on particles per individual unit
(Fig. S3).

3.4. Relationship of microplastics in water and oysters

No significant correlation in the abundances of microplastics
was observed between water and oyster following Spearman cor-
relation analysis (r =-0.202) (Table 1). The microplastic abundance
in oyster was correlated with some environmental variables of the
surrounding water, such as salinity (r = -0.516), pH (r = -0.429),
nutrients (r = 0.371-0.394) and total organic carbon (r = 0.482)
(Table 1).

4. Discussion
4.1. Spatiotemporal distribution of microplastics in water

The average microplastic pollution level in surface water in
Maowei Sea was 3.63 + 0.22 particles/L, which is comparable to
levels detected in coastal metropolis rivers in China (1.5—6.3 par-
ticles/L, Qu et al., 2018). Rivers are commonly recognized as one of
the dominant pathways via which microplastics reach oceans (Law
and Thompson, 2014). For land-based pollution, the concentrations
will gradually decrease in space from the estuary outward. How-
ever, according to the results in this study, the microplastic con-
centrations at the 4 stations from the estuary to the bay did not
show a downward trend. Relatively high levels of microplastics
were observed at the S2 and S3 stations in the central part of the
breeding area (Fig. S1). Although there were no significant

C S3

N/A

@% Q@‘b 0°\° Q,QO@QOO QQ

Fig. 5. Annual trends of microplastics in oysters based on particles per gram unit at the estuarine region (A, S1), inner bay (B, S2), mouth bay (C, SS), and open bay (D, S4) sites in
Maowei Sea. Each value represents mean + SEM of three replicates (n = 3). Statistical analysis was conducted with repeated measures ANOVA followed by Dunnett test (p < 0.05). T-
test was used for each two group comparisons. The letters above the scatter indicate significant differences (p < 0.05). If two arbitrary groups have the same letter, it means that they

have no significant difference.
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Table 1
The Spearman correlation analysis of microplastic abundances and environmental variables.
MP-W MP-O WT SAL pH DO Chl-a NH4*-N TP TN Biomass TOC

MP-W 1.000 —0.202 —00.377 0.301* 0.264 0.249 —0.346* 0.060 —0.087 —0.311* —0.053 —0.265
MP-O —0.202 1.000 0.221 —0.516%** —0.429%* -0.164 —0.012 —0.080 0.371* 0.394%* —0.042 0.482%*
WT —0.377** 0.221 1.000 —0.557** —0.595%* —0.823** —0.126 —0.369** 0.096 0.422%* 0.462** 0.608**
SAL 0.301* —0.516%* —0.557** 1.000 0.727%* 0.447%* 0.365* 0.160 —0.408** —0.692%* —0.044 —0.772%x*
pH 0.264 —0.429%* —0.595%%* 0.727%* 1.000 0.557** 0.165 0.074 —0.256 —0.552%* 0.032 —0.675%*
DO 0.249 —0.164 —0.823** 0.441%* 0.557** 1.000 0.371** 0.283 0.018 —0.323* —0.469** —0.397**
Chl-a —0.346* —0.012 —0.126 0.365* 0.165 0.371** 1.000 0.078 —0.140 —0.066 —0.395%* —0.152
NH4"-N 0.060 —0.080 —0.369** 0.160 0.074 0.283 0.078 1.000 0.122 0.066 —0.393** —0.189
TP —0.087 0.371* 0.096 —0.408** —0.256 0.018 —0.140 0.122 1.000 0.472%* —0.063 0.5271%*
TN —0.311* 0.394** 0.422%* —0.692** —0.552%** —0.323* —0.066 0.066 0.472%* 1.000 —0.033 0.640%*
Biomass —0.053 —0.042 0.462%* —0.044 0.032 —0.469%* —0.395%* —0.393** —0.063 —0.033 1.000 0.144
TOC —0.265 0.482%* 0.608** —0.772%* —0.675%* —0.397** —0.152 —0.189 0.527%* 0.640%* 0.144 1.000

Abbreviations: MP-W: microplastics in water; MP-O: microplastics in oyster; WT: water temperature; SAL: salinity; DO: dissolved oxygen; Chl-a: chlorophyll a; TP: total
phosphorus; TN: total nitrogen; TOC: total organic carbon. * means p < 0.05, ** means p < 0.01.

differences in concentrations at our sampled locations, the data
suggests that the spatial distribution of microplastics in the
breeding area were not associated with land-based pollution.

U-shaped time trends from January to December 2018 were
observed in the water in the estuarine region, inner bay, and mouth
bay sites of Maowei Sea. The time trends had an inverse relation-
ship with the local rainfall (Fig. S4). The rainy season in Qinzhou
city is from May to September, and the microplastic abundance was
low during the period. The microplastic pollution in Maowei Sea is
different from that of riverine inputs. It is estimated that over 74% of
riverine emissions occurring between May and October (Lebreton
et al, 2017). Our previous study showed that the microplastic
abundance in inflowing rivers was not higher than the abundance
in Maowei Sea (Zhu et al., 2019). Furthermore, the characteristics of
microplastic particles in Maowei Sea are likely to be related to
textile pollution and fishery activities. For example, the common
particles in Maowei Sea are 1-5 mm PET or PE fibers with diameter
<20 pum (Fig. 2A), which are categorized as one type representing
synthetic fibers from textiles (Wang et al., 2019; Cequier et al., 2014;
Mason et al., 2016; Wang et al., 2018a,b). Polystyrene foam (Fig. 2C)
is mainly related to fishery activities (Zhou, 2016), which reached
about 14.3% in Maowei Sea. Many microplastic studies focused on
land-based sources (Jambeck et al., 2015; Lebreton et al., 2017; Mai
et al,, 2019; Law et al., 2020), largely overlooked the sea-based
sources, such as marine fishery activities (Lusher et al., 2017). Our
work highlights the need for concern over sea-based mariculture
microplastic pollution.

4.2. Accumulation and organ distribution of microplastics in
oysters

The time trends of microplastics in oysters exhibited no accu-
mulation of microplastics in oyster tissues after one-year exposure
in a real environment. Our results are consistent with the findings
of Ward et al. (2019), where mussels (Mytilus edulis) exposed to
nanospheres or microspheres for 14 days at concentrations of
0.1 mg L~! h~! showed no accumulation of the plastics in their
tissues. Mussels reportedly clear microplastics with a similar effi-
ciency to that of clearing food items (microalgae) of similar size
(Fernandez and Albentosa, 2019). Our results verified no accumu-
lation of microplastics in the real environment, based on a long-
term monitoring activity.

We found more microplastics in the gills, followed by in the
digestive gland and other tissues of the oysters in a real environ-
ment. Not all particles captured by the gills are ingested (Santana
et al,, 2018; Santana, 2015) since bivalves are selective particle
feeders (Ward and Shumway 2004). Su et al. (2019) reported more

microplastics in the gut than in the gills of commercial fish. In most
cases, the intestinal tract would be the dominant pathway for
microplastic uptake for fish. However, the dominant pathway
seemed to be gills in the case of bivalves, based on our results. A
reasonable explanation for the difference is the mouth feeding and
filter feeding modes for fish and oysters, respectively.

4.3. Possible factors for the accumulation of microplastics by
oysters

Microplastic pollution in oysters from an estuarine site was
more severe than in other sites. However, no significant differences
were observed among the water samples collected from the sites.
Therefore, the differences in microplastics in oysters from different
sites were potentially unrelated to the microplastics contaminating
in the surrounding water (r = -0.202). On the contrary, some spot
field studies have reported high positive correlations between
mussels (Qu et al., 2018), oysters (Li et al., 2018a), and clams (Su
et al., 2016), with their surrounding waters. A probable explana-
tion is that although no accumulation was observed on the long-
term scale, bivalves could ingest and accumulate microplastics
over short-time scales, such as within hours (Von Moos et al., 2012;
Li et al.,, 2019).

The microplastic abundance in oyster was correlated with some
environmental variables (i.e. salinity, pH, nutrients and total
organic carbon) of the surrounding water, following Spearman
correlation analysis, in the present study. The microplastic levels in
oysters could probably be influenced by the environmental vari-
ables. The underlying mechanisms of the accumulation of micro-
plastic levels in oysters are complex, and the growth environment
could be key factors, and not simply related to the microplastic
pollution levels in the surrounding waters. Ferndndez and
Albentosa (2019) reported that mussels cleared microplastics at
the same extent than microalgae. Microplastics can not provide any
nutrition to organisms and may change the microbial environment
inside their bodies (Rist et al., 2017), the similar uptake model of
oysters to microplastics and microalgae may pose potential damage
to oyster growth and aquaculture production.

5. Conclusions

Our study is one of the first to assess the long-term trends of
microplastic amounts in a mariculture zone and analyzed the
relationship between surrounding water levels and accumulation
of microplastics by oysters. U-shaped time trends were observed in
water in Maowei Sea, the time trends had an inverse relationship
with the local rainfall. The characteristics of microplastic particles
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in Maowei Sea are likely to be related to textile pollution and
fishery activities. We call for increased vigilance over sea-based
mariculture microplastic pollution. No accumulation of micro-
plastics in oyster tissues was observed after one-year exposure in
the actual environment. Moreover, the microplastic abundance in
oyster was correlated with some environmental variables (i.e.
salinity, pH, nutrients and total organic carbon) of the surrounding
water.
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