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a b s t r a c t

Microplastic pollution of intertidal mangrove ecosystems is receiving growing attention, and scientists
suspect that the microplastic pollution of semi-enclosed seas is significantly different from that of other
coastal types because of their unique geographical features. However, data on the distributions and
characteristics of microplastics in the mangrove sediment of semi-enclosed seas are very limited. This
study selected the Maowei Sea, a typical semi-enclosed sea, as its representative study site. The analysis
revealed that the microplastic abundances in the river estuaries were much lower than those at the
oceanic entrance zones, with values ranging from 520 ± 8 to 940 ± 17 items/kg. Polyethylene (PE)/
polypropylene (PP)/polystyrene (PS), white/transparent, and <1mmwere the dominant type, colour, and
size of the microplastics, respectively, in the observed mangrove sediments. Moreover, some other
factors, including the rhizosphere/non-rhizosphere and the proportion of organic matter, codetermined
the distribution and characteristics of microplastics. Specifically: (1) the percentage of colorful micro-
plastics were higher in the rhizosphere due to the microbial activities and (2) positive linear relationships
were found between the pore volume (PV) values of the free particulate organic matter (FPOM), occluded
particulate organic matter (OPOM) (1.6e2.0 g/cm3 and >2.0 g/cm3), and the abundance of very small
microplastics (<1mm).

© 2018 Published by Elsevier Ltd.
1. Introduction

Plastic products have broad and widespread uses in almost all
aspects of daily life. Total global production of plastics increased
almost 200 times from 1.7 t in the 1950s to 299 t in 2013 (Galloway
et al., 2017; Chae and An, 2018; Law and Thompson, 2014). Lambert
reported that, once released into the environment, relatively large
plastics might undergo a variety of biotic and abiotic processes
through which they become smaller and smaller plastic particles
e by Eddy Y. Zeng.
Guangxi University, Nanning,
instead of disappearing (Lambert and Wagner, 2016). Recently,
these small plastic particles, particularly microplastics (<5mm),
have been confirmed to present a new series of problems, mainly:
(1) they are small enough to be taken up by marine organisms and
accumulated through the food chain and (2) they adsorb persistent
organic pollutants and heavy metals on their surfaces and, thus,
somewhat increase the bioavailability of these contaminants (Su
et al., 2016; Steensgaard et al., 2017; Song et al., 2017; Huffer
et al., 2017; Chubaenko and Stepanova, 2017). Barboza et al.
confirmed in 2018 that reduced swimming velocity (80%e87%) and
resistance time (52%e64%) of the juvenile European sea bass
(Dicentrarchus labrax) were obvious after exposure to microplastic
and mercury mixtures (Barboza et al., 2018).

To further our understanding of the environmental behaviours
and potential hazards of microplastics, many studies have
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investigated the sources, pathways, and distributions of micro-
plastics in marine environments using data from coastal to deep-
sea areas from the Arctic to the Antarctic and from freshwater to
marine organisms (Lots et al., 2017; Browne et al., 2010; Cincinelli
et al., 2017; Graca et al., 2017; Fork et al., 2017). All of these
studies clearly confirmed that microplastics are dispersed
throughout the world's oceans (water, sediment, and biota). For
example, Zhu et al. demonstrated that the abundance of micro-
plastics in the North Yellow Sea's surface seawater and sediment
were 545± 282 items/m3 and 37.1± 42.7 items/kg, respectively
(Zhu et al., 2018). In the Northeast Pacific Region, plastic micro-
fibers were found in the stomachs of approximately 1.5% of the sand
lance (Ammodytes personatus) and 2.0% of the herring (Clupea pal-
lasii) (Hipfner et al., 2018). However, the number of studies focused
on microplastic pollution in unique marine ecosystems (coral reef,
mangrove, sea grass, and so on) has been small compared to studies
of the four major oceans (Pacific, Atlantic, Indian and Arctic). Due to
their high productivity, the source/sink, decomposition and depo-
sition fate of microplastics there were found to be significantly
different from other marine environments (Jacotot et al., 2018;
Komiyama et al., 2008).

Mangrove ecosystems always serve estuaries as buffers and are
considered barriers to land-based inorganic/organic contaminants'
delivery to the sea, which needs particular research attention.
Ramdine et al. reported that the concentrations of polycyclic aro-
matic hydrocarbons (PAHs), a typical hydrophobic organic
contaminant (HOC), in the mangrove sediment and associated
oysters (Crassostrea rhizophorae) of Guadeloupe, France, might even
range from 49 to 1065 ng/g dw and 66e961 ng/g dw, respectively,
with a trend of annual escalation (Ramdine et al., 2012). However,
limited information is available on the distributions of micro-
plastics in mangrove ecosystems. To date, the only relevant study
has focused on the microplastic pollution status of Singapore's
coastal mangrove ecosystems, which found that the content might
be as high as 62.8 items/kg dry sediment (Nor and Obbard, 2014).

The hydrodynamics of semi-enclosed seas (the usual mangrove
vegetationhabitat) are a dominant factordetermining the content of
the microplastics (Boelens et al., 2018), which significantly differed
from that of the above study area of Singapore. Aside from the
sedimentary locations (river estuaries, entrances and so on), the
rhizosphere effects and sedimentary compositions have long been
considered the two most important influences on the partition,
transportation, and degradation of persistent organic pollutants
(POPs) in sediment-water interfaces (Lu et al., 2011; Countwayet al.,
2003; Mustajarvi et al., 2017). However, no relevant studies were
found about the abundances and characteristics of microplastics in
semi-enclosed mangrove sediments or their possible implicating
factors (locations, rhizosphere, and sediment compositions).

This study selected the semi-enclosed Maowei Sea in the north-
western South China Sea as the target area. TheMaowei Sea receives
discharges from three major rivers (Qin River, Maoling River and
Dalan River) and covers an area of approximately 135 km2. Conse-
quently, the objectives of this study were to: (1) identify the differ-
ences between the microplastics in the mangrove sediment of the
river estuaries and those in entrances of the semi-enclosed sea, (2)
determine the abundances and characteristics of themicroplastics in
the rhizosphere/non-rhizosphere of themangrove sediment, and (3)
further explore the relationships of the physicochemical properties
of the sediment and the microplastic content.

2. Materials and methods

2.1. Sample data collection

Sediment samples were collected from the several mangrove
habitats classified as atypical semi-enclosed seas throughout the
Maowei Sea of Guangxi Province in southern China. The sampling
sites are shown in Fig. 1 (21�610Ne21�910N, 108�470E�108�800E).
The Kangxi Ling (KL), Madi Ao (MA), Kuizi Jiang (KJ) and DaMaoling
(DM) were the river estuary sites; and the Qishier Jing (QJ), Long-
men Harbor (LH) and Qinzhou Harbor (QH) were the semi-enclosed
sea entrance sites. The Leshan Village (LV), Danshui Wan (DW) and
Hai Wei (HW) were selected as the adjacent zones. The plastics
under observation were polyethylene (PE), polypropylene (PP),
polyvinyl chloride (PVC), polyethylene terephthalate (PET) and
polystyrene (PS) because of their widespread daily use. Addition-
ally, the mangrove sediment rhizosphere, as Berg et al. reported
(Berg and Smalla, 2009), has been defined as the root center and the
diameter of 10 cm circle. Some other detailed information about the
sampling procedures and devices were presented in the Supporting
Information.

2.2. Density separation and microplastic extraction

Similar to Wu et al. (Zhang et al., 2017), three experimental
procedures were used to quantify the microplastics in the
mangrove sediments: (1) oxidation digestion, (2) density separa-
tion/filtration, and (3) visual inspection/identification. The scheme
of laboratory workflowwas presented in Fig. S1. First, the sediment
samples collected at the sampling sites were dried at 60 �C and
sieving with 5mm meshes. Then, to avoid the interference of
sediment organic matter (SOM) in the quantification of the
microplastics, the relatively small mangrove sediment samples that
passed through the sieves were sequentially treated three times
with 10mL of 30% hydrogen peroxide (H2O2) and deionised water
for about 24 h in 2-L Erlenmeyer flasks.

Second, 1.5 L of potassium formate aqueous solution with a 1.5-
g/cm3 density was prepared and poured into Erlenmeyer flasks. The
samples were settled overnight and, then, the supernatant was
filtered onto 1.2 mmGF/C glass microfiber filter membranes
(Whatman, UK). After that, the filters were transferred to petri
dishes and oven-dried for 30min at 298.15 K. At that point, the
numbers of particles on the filters were detected under the ste-
reomicroscope (Olympus SZ53, Japan) with 3e4�magnification.
Meanwhile, the suspected and typical particles were captured us-
ing the charge coupled device (Andor Zyla 4.2 sCMOS) and carefully
retrieved from the filters.

In the next step, all of the selected particles were placed on
quartz glass slides and identified using a micro-Raman spectrom-
eter (Renishaw inVia, UK). The parameters of the micro-Raman
spectrometer were modified to reduce the effects of background
fluorescent signals: Laser energy, 15mW (5%); Laser wavelength,
785 nm; Exposure time, 2.0 s; and Emission wave number,
130e4000 cm�1. The spectra of six distinct microzones were
scanned to obtain a final estimate and assessment of the micro-
plastic types. The Raman spectra of typical samples are presented in
Fig. S2.

2.3. Quality assurances (QA) and quality controls (QC)

The following QA and QC measures described in previous
studies were employed by this study (Lozoya et al., 2016).

1. Mangrove sediments were collected and stored in metal sam-
plers and containers to avoid possible contamination.

2. All flasks and beakers were rinsed three times with distilled
water before use.

3. Before identification and quantification of the microplastics, the
sample holders of the stereomicroscope and micro-Raman
spectroscope were carefully cleaned and inspected.



Fig. 1. Geographic location and sampling sites.
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4. Blank tests were performed to adjust the results obtained dur-
ing sample collection and laboratory analysis; microplastics
were not found in the blank samples.
2.4. Characteristics of the sediment samples

2.4.1. Fractionation
The density fraction method developed by John et al. (2005).

was performed on all the mangrove sediments with little modifi-
cation. Briefly, 10 g of sediment were mixed with 40mL of 1.6-g/
cm3 sodium polytungstate solution in a thin glass tube and shaken
five times at 120 rpm (about 30-min period). Then, the solutions
were centrifuged at 5085�g for 1 h. The free particulate organic
matter (FPOM) was collected on 0.45 mm glass fibres after being
rinsed three times with deionised water. After that, the residues
were again mixed with 40mL of 2.0-g/cm3 sodium polytungstate
solution and shaken for 10min at a frequency of 100 rpm. The
occluded particulate organic matter (OPOM) with a density of
1.6e2.0 g/cm3 was collected on 0.45 mm glass fibres, and the other
organic proportions were classified as high density OPOM (>2.0 g/
cm3). All dried proportions were ground before analyses.

2.4.2. Organic carbon content
Along with the pores of the different proportions of sediment,

organic carbon, which is another important compositional factor,
was identified and characterized using the method described by
Cerli et al. (2012). First, 0.5 g of the FPOM and OPOM (1.6e2.0 g/cm3

and >2.0 g/cm3) samples were digested with 10mL 4mol/L of tri-
fluoroacetic acid for 4 h at 105 �C. Then, the residues on the 10-mm
glass fibres were collected and dried at 30e40 �C for at least two
hours. Last, the C, H, and N contents of these residues were
measured using a Vario EL Ш elemental analyser (Elementar,
Germany).

2.4.3. Pore volume (PV)
Seven randomly selected FPOM and OPOM (1.6e2.0 g/cm3 and

>2.0 g/cm3) samples were used to evaluate PV using low-pressure
nitrogen adsorption measurements. Before analysis, these sam-
ples were dried overnight in a vacuum oven at 110 �C to remove
other gases. Then, the ASAP 2020 M instrument (Micromeritics
Instruments, US) was operated at 77 K with relative pressures
ranging from 0.005 to 0.995, and the PV values on the different
types of POM were determined using the Barrett-Joyner-Halenda
(BJH) equations.

3. Results and discussion

3.1. Abundance and characteristics of microplastics in the river
estuaries and entrances to the sea

3.1.1. Abundance
Microplastics were identified and counted at all sites located on

the river estuary of the semi-enclosed Maowei Sea, which yielded
abundances ranging from 520 ± 8 items/kg to 940 ± 17 items/kg,
were much lower than those in entrance zones (ranging from
1780 ± 18 to 2310 ± 29 items/kg) (*p< 0.05). The typical micro-
plastics frommangrove sediment are presented in Fig. 2. The levels
were much higher than those found in the North Yellow Sea, China,
at 37.1± 42.7 items/kg (Zhu et al., 2018). Therefore, the microplastic
pollution of the mangrove sediment in the semi-enclosed Maowei
Sea cannot be ignored, and further measurements must be taken in
the near future.

Many reports have indicated that the microplastic content of
estuary sediments was owing to multiple factors, including human
activities, water flow rates, dissolved organic matter (DOM)/



Fig. 2. Typical microplastic collected from the mangrove sediment located on the semi-enclosed Maowei Sea.

Table 2
The relationships between the abundances of microplastics and the organic carbon
content/compositions of mangrove sediment.

Site Abundance (items/kg) Coefficients (R2)c Coefficients (R2)d

1 375± 18a/296± 14b FPOM 0.3377/0.3869c 0.6645/0.8994d

OPOM (L) 0.2145/0.3884 0.6320/0.8311
OPOM (D) 0.3077/0.4169 0.6893/0.8129

2 449± 16/210 ± 22 FPOM 0.3325/0.5037 0.6331/0.9079
OPOM (L) 0.4624/0.2845 0.7422/0.8632
OPOM (D) 0.1987/0.3968 0.6859/0.8047

3 530± 13/337 ± 6 FPOM 0.5017/0.4765 0.7311/0.9312
OPOM (L) 0.4826/0.1129 0.8126/0.8388
OPOM (D) 0.6035/0.3826 0.7257/0.8960

4 417± 14/354 ± 9 FPOM 0.5287/0.4057 0.7882/0.8542
OPOM (L) 0.2216/0.3361 0.7650/0.8128
OPOM (D) 0.3035/0.1965 0.6984/0.7965

a The mean and standard deviation of six samples.
b The abundance of total and small size (<1mm) microplastics in bulk sediment.
c The correlation between the abundances of total and small size (<1mm)

microplastics in bulk sediment and the organic carbon content. The organic carbon
content of FPOM, OPOM (L) and OPOM (D) were 1.96± 0.7 g/kg, 4.65± 0.12 g/kg and
3.70± 0.16 g/kg, respectively.

d The correlation between the abundances of total and small size (<1mm)
microplastics in bulk sediment and the PV values. The PV of FPOM, OPOM (L) and
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particulate organic matter (POM) content and so on (Chubarenko
et al., 2018; Ma et al., 2016; Karami et al., 2018). Among these,
Nor et al. found that waste matter generated at shorelines was the
dominant factor determining the distribution of microplastics in
Singapore's mangrove sediment (Nor and Obbard, 2014). However,
the current study found that the total amounts of microplastics in
the river estuary zones were 940± 17 items/kg, 520± 8 items/kg,
560± 9 items/kg and 640± 11 items/kg at the KL, MA, KJ and DM
sites, respectively, and that the microplastic content at sites located
almost at Qinzhou City (KL) was only slightlymore than at the other
sites (Fig. 1). The difference implies the existence of other factors
influencing the distribution of microplastics in the mangrove
sediment, which needs further investigation.

Because of the unique characteristics of the semi-enclosed sea
and its relatively small area (approximately 135 km2), the input of
organic contaminants by the three major rivers was a main factor
determining the distributions of microplastics in the mangrove
sediment of the river estuaries. Based on this, we assumed that the
loadings of microplastics from upstream might be a main source
instead of local human activities. To test our assumption, the types
of microplastic in the mangrove sediment of the river estuaries, the
upstream river and the adjacent zones were compared to each
other. From Table S1, it can be clearly concluded that no obvious
differences were found between the percentages of nearly all kinds
of microplastics in river upstream Sha Ping site and the river es-
tuary KL site (*p< 0.05). While such percentages were obviously
different from the adjacent zones, especially to the PP microplastics
with approximate 15.6% lower than the adjacent LV site (see
Table 1).

Then, as Table 2 and Fig. 3 demonstrate, the total content of the
microplastics in the entrances was about one order of magnitude
Table 1
The total abundance of microplastic in mangrove sediment samples collected at samplin

Sites River Estuary

Kangxi Ling (KL) Madi Ao (MA) Kuizi Jiang (KJ) D

Microplastic (items/kg) 940± 17 a 520± 8 560± 9 6
Sites Adjacent Zones

Leshan Village (LV) Danshui Wan (DW) Hai Wei (HW)
Microplastic (items/kg) 370± 19 170± 6 990± 3

a The mean and standard deviation of three replicates.
higher than that at the river estuaries, with 2200 ± 27 items/kg,
1780 ± 18 items/kg and 2310 ± 29 items/kg for QJ, LH, and QH,
respectively. Specifically, the proportions of PS microplastics were
much higher than those at the river estuary with the values of
28.2%, 37.5% and 20.1% for QJ, LH and QH, respectively (*p< 0.05).
These phenomenawere mainly caused by two characteristics. First,
the widespread use of the above three types of plastics in the semi-
enclosed Maowei Sea region increased the probability of their
g sites from or adjacent the semi-enclosed Maowei Sea.

Entrance

a Maoling (DM) Qishier Jing (QJ) Longmen Harbor (LH) Qinzhou Harbor (QH)

40± 11 2200± 27 1780± 18 2310± 29

OPOM (D) were 1.22± 0.02 g/kg, 0.97± 0.04 g/kg and 1.44± 0.06 g/kg, respectively.



Fig. 3. The type (a), size (b) and colour (c) characteristics of microplastic in mangrove sediment located on the river estuary and entrances of the semi-enclosed Maowei Sea. (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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presence in the mangrove sediments (some detailed discussion is
presented in section 3.2). Second, the water flow rates at the en-
trances, as Ibrayev reported, were much low than the river estuary
(Ibrayev, 2001), and such phenomenon (ie. low flow rates) may
accelerate the vertical deposition of low-density plastics or
microplastics from the water to the sediment.
3.1.2. Type, size and colour characteristics
Similar compositions of microplastics were observed in the
sediment samples collected at the four river estuaries (KL, KM, KJ
and DM), with PE, PP, PS, and five other types of plastics (PET, PC,
nylon, POM and PVC) accounted for in the total, which ranged from
47.5% to 79.2%, from 2.5% to 42.5%, from 1.8% to 12.8% and from 2.5%
to 12.8%, respectively (Fig. 3a). The PS shares significantly increased
to 28.2%, 37.5% and 20.1% (*p< 0.05) at the LH, QH and QJ site en-
trances of the semi-enclosed Maowei Sea, respectively. A main
reason for this phenomenonwas the different sources of these two
zones (see section 3.1.1). Moreover, Batel et al. (2018) reported that
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the small size of microplastics in soil/sediment might pose much
stronger potential threats to the biota because of their strong
adsorption by the POPs and their easy transportation to the tissues.
Therefore, it also is necessary to determine the sizes of the micro-
plastics separated from the mangrove sediment (Fig. 3b).

Fig. 3 also clearly shows that microplastics measuring <1mm
accounted for more than 80% of the microplastics in the river es-
tuaries and the entrances. Obvious differences were obtained be-
tween our results and the other kinds of estuary sediment (Yangtze
estuary, Bohai Sea and Yellow Sea) (Zhao et al., 2018; Zhou et al.,
2018; Hu et al., 2018) with small size (<1 mm) accounted for not
more than 70% (*p< 0.05). Eerkes-Medrano et al. (2015) confirmed
that, when PP, PE, or PS were the dominant type, most of the
detected microplastic was fragmented from larger plastic items.
The relatively high percentages of small microplastics indicated
that mangrove ecosystems might accelerate plastic decomposition,
and, thus, somewhat promote the negative effects of plastic parti-
cles on the mangrove benthos. However, to date, the reasons for
such phenomena are largely unknown and need further
investigation.

Except for the size and type of microplastics, some recent
studies confirmed that the coloured microplastics are more easily
mistaken ingested by marine organisms, especially the higher
mammals, and thus the abundances of white and colorful micro-
plastics should be investigated separately. In our study, the per-
centages of white and transparent microplastic can reach to 64.6%
Fig. 4. The abundance (a) and colour (b) of microplastics in the rhizosphere (right bar of
mangrove sediment. (For interpretation of the references to colour in this figure legend, th
and 20.3% in the KL sites of river estuary (Fig. 3c). Similar results
were obtained for the MA, KJ and DM sites. However, the colorful
microplastics particles, including the blue, yellow and transparent,
increased to about 29.6%, 31.0% and 40.3% in the QJ, LH and QH
mangrove sediment located on the entrances of Maowei Sea due to
the widely usage of the marine aquaculture industry.

Overall, the abundances of microplastics are more abundant in
the entrances, while the colour, size and type of microplastics
showed entirely different trends.
3.2. Abundance and characteristics of microplastics in the
rhizospheres and non-rhizospheres of mangrove sediments

The abundance and characteristics of microplastics in the
rhizosphere and non-rhizosphere of the mangrove sediments were
compared across the sites and the results are presented in Fig. 4.
Regarding the river estuary sites (KL, MA, KJ and DM), obvious
differences were obtained in the microplastic abundances in the
rhizospheres and non-rhizospheres, with values ranging from
1190± 7 items/kg to 1860± 21 items/kg and from 520± 8 items/kg
to 940± 17 items/kg, respectively. Under flood conditions, plastic
and microplastic might translocate from the surface water of the
mangrove ecosystems to the seawater or the mixing zones, and the
mangrove vegetation somewhat inhibited such translocation
processes.

At the oceanic entrance sites (QJ, LH and QH), the contribution of
one sample site) and non-rhizosphere (left bar of one sample site) of semi-enclosed
e reader is referred to the Web version of this article.)



R. Li et al. / Environmental Pollution 244 (2019) 685e692 691
this inhibition was relatively small compared to the deposition of
microplastic in the sediments, with values ranging from 2060± 14
items/kg to 2900± 35 items/kg and from 1780± 18 items/kg to
2310± 29 items/kg in the rhizosphere and non-rhizosphere,
respectively. However, as Fig. 4b displays, the percentage of col-
oured microplastics in the rhizosphere were significantly higher
than in the non-rhizosphere of the river estuaries and oceanic
entrance zones. The weathering of plastics, including both the bi-
otic (bacterium, fungi and so on) and abiotic (ultraviolet radiation,
flooding and so on) processes, was somewhat related to the higher
extents of coloured microplastics in the rhizosphere zones of
mangrove plant (Andrady, 2017).

Additionally, the particle sizes and types of microplastic in the
river estuary were identified. The results are shown in Fig. S3, from
which it clearly can be concluded that almost no difference existed
in microplastic sizes or types in the rhizospheres and non-
rhizospheres of the mangrove sediment sampled from the river
estuaries (p> 0.05). Similar results were obtained on the samples
taken at the entrances of the semi-enclosed Maowei Sea.

3.3. Abundance of microplastics in mangrove sediments with
different proportions of organic matter

Almost all of the previous reports attributed the abundance and
distribution of microplastics in soils/sediments to their sources,
extents of self-aggregation and/or deposition rates (Waller et al.,
2017; Cheung et al., 2018). However, the spatial variation of
microplastic abundance in sediment samples from river estuaries
(Datang Ling sites, 21�600 N, 108�800 E) of the semi-enclosed
Maowei Sea with similar environmental conditions (see discus-
sion in sections 3.1 and 3.2) were high, as indicated by the standard
deviation with the values of 375 ± 8 items/kg, 449± 6 items/kg,
530± 10 items/kg and 417± 14 items/kg at sites 1, 2, 3 and 4,
respectively. On the other hand, no observable differences were
found regarding the type, size or colour of the microplastics at the
four sites (p> 0.05, Table 2).

Rillig recently demonstrated that microplastic particles were
likely to incorporate and integrate into the aggregated matter along
with pieces of other organic matter before accumulating in soil/
sediment (Rillig, 2018). Therefore, we inferred that the composi-
tion, structure, and stability of the organic matter's proportions in
the sediments (FPOM, OPOM (1.6e2.0 g/cm3, and >2.0 g/cm3)), as
well as other factors, might contribute to the distribution of
microplastics in mangrove sediments (Table 2). In our study, no
definitive correlation was found between the microplastic abun-
dance (items/kg) in sediments at the Longmen estuary and the
organic carbon content of FPOM, OPOM (1.6e2.0 g/cm3) or OPOM
(>2.0 g/cm3) (n¼ 30, p> 0.05) (Table 2). These divergent findings
reveal a need for further probing of the structure of sediment
organic matter fractions and the distributions of microplastics.

Still no linear relationships were observed between the abun-
dances of microplastics (items/kg) and PV values of these fractions
(*p > 0.05). However, to the smaller sizes microplastics (<1 mm), it
is interesting to note that these phenomenon almost disappeared,
and the correlations become positive linear relationships
(*p< 0.05). These data suggest that the PV values of FPOM and
OPOM (1.6e2.0 g/cm3, or> 2.0 g/cm3) played a relatively more
important role in blocking the release of small microplastics from
the sediment aggregates, which is considered another dominant
factor determining the distribution of small microplastics. Different
organic matter-mineral interaction was responsible for the pore
composition and structures of micro-/nano-sizes, and our study
demonstrated that the pore-space or different spatial pore-
domains were more likely to match the detectable small size
microplastics (<1mm).
4. Conclusions

In this study, the features of microplastics in mangrove sedi-
ment collected at the semi-enclosed Maowei Sea were relatively
large quantities (ranging from 520± 8 to 2310± 29 items/kg), va-
riety types (PP, PE, PS and so on) and large percentages of particles
with size less than 1mm (>75%). Except for the sources, further
studies demonstrated that the abundances and characteristics of
microplastic also determined by the hydrodynamic factors in the
river estuary/entrance of the semi-enclosed sea and the intercep-
tion/weathering processes of microplastics in the rhizosphere of
mangrove plant. Additionally, the PV/SSF of OPOM fractions
(>2.0 g/cm3) rather than their compositions showed linear re-
lationships with the smaller size microplastics (<1mm) content.
The findings of this work provided new insight into the distribu-
tion, transportation and transformation of microplastics in
mangrove ecosystems located on the semi-enclosed sea.
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