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Abstract: Little is known about the comprehensive factors influencing temporal changes in mi-
croplastic abundance in marine ecosystems. We investigated seasonal variations in the microplastic
distribution in marine sediments in multiple-used zones of Eastern Guangdong in the South China
Sea. The top 10 cm sediments from 26 sites were collected by grab sampling in the spring, summer,
and winter of 2021. Marine sediments had the lowest microplastic abundance in summer, significantly
lower than in other seasons. The size of microplastics varied from 22.5 to 4363.3 µm but the 50–200 µm
range was the most abundant. Transparent and fragmented microplastics were the most frequently ob-
served composition. Microplastic abundance negatively correlated to distance to the coast. However,
seaweed ecosystems impacted microplastic abundance by changing the microenvironment and/or
direct contact and entrapment. Microplastic abundance is closely related to coastal mariculture and
local residential and industrial activities. Polypropylene, polypropylene-polyethylene copolymer,
polyethylene terephthalate, and polyethylene were the most frequently detected compositions, proba-
bly from packaging materials, textiles, and electronic/electrical/building industries. This work helps
to understand the role of multiple-used zones and their influence on microplastic distributions in
marine ecosystems. Appropriate management of the use and disposal of plastic waste on land was
recommended to alleviate microplastic pollution in the marine environment.

Keywords: microplastic; marine sediment; seasonal variation; microplastic characterization

1. Introduction

Plastics have been widely applied in human life, with a large quantity of production
(globally from 1.7 million tons in 1950 to 359 million tons in 2018) and consumption
and, accordingly, an increase in plastic waste [1,2]. Plastic debris of 1–5000 µm, namely
microplastics, has recently attracted increasing attention [3,4]. Microplastics have been
observed in the ocean worldwide, from estuaries to polar regions and from surface water
to the deep sea. High abundances of microplastics are generally associated in the coastal
regions with intensive anthropogenic activities, e.g., residential, touristic, industrial, and
fishery activities [5,6]. Previous reports showed marine sediments near dense populations
have high levels of microplastic abundance, such as coastal areas beside cities rather than
offshore areas/deep sea [7–9]. Moreover, the composition of microplastics varies based
on different human activities. For example, polypropylene (PP) and polyethylene (PE) are
widely applied in food packaging, which accordingly appears regularly in populated areas
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such as tourist attractions [10]. The abundance and distribution of microplastics in the
coastal region could be influenced by geographic factors including regional runoff and
meteorological conditions [11,12]. Additionally, marine currents, tidal waves, circulation,
and wind could be responsible for microplastic movement and accumulation in the estuary,
coastal and pelagic regions. The trapped microplastics in the estuary were transported to
the surface water under the influence of upwelling in the spring in the Ría de Vigo estuary,
Spain [13].

Microplastics in the marine environment are also associated with ecological factors
apart from geographic aspects. Microplastics may bring potential harm to organisms with
physical and toxic effects [14,15]; as the size of microplastics is small, they are easily ingested
by organisms, such as zooplankton, mollusks, and fish, in aquatic environments [16–19].
Moreover, microplastics can be bioavailable to organisms in the food web [20–23]. Seaweed
ecosystems have been recognized as traps/sinks of microplastics. Seaweed is able to retain
microplastics by slowing down the water velocity and/or by direct contact and entrap-
ment. Subsequently, microplastics can become integrated into food webs when seaweed is
consumed and further passed on to higher trophic levels [24–27]. In addition, microplastics
trapped by seaweed alter with seasons as the seaweed grows. Microplastic was found to
translocate in the crab to its hemolymph and tissues [28]. Thus, there is a potential for
microplastics to enter the human body via the food web [28]. Microplastics threaten benthic
organisms in marine sediments, and the biodiversity and function of sediment microorgan-
ism communities are greatly affected by microplastics and the pollutants adsorbed on the
surface [29–31].

To date, temporal and spatial studies of microplastics in marine sediments have mostly
concerned geographic and anthropogenic effects, some with considerations of habitat or
ecosystem [32–35]. However, systematic studies are scarce on the seasonal variability of
microplastic distribution in marine sediments with an understanding of comprehensive
factors, including all aspects mentioned above [36]. Herein, the multiple-used zones of
Eastern Guangdong, the South China Sea, is a representative area, although small, where
complex geographic factors vary seasonally, with natural habitats and diverse ecosystems.
The complex movement of the current system in this region makes it a sandwiched structure,
providing an advantageous and nutritious area for mariculture in nature. The region
has plenty of nearshore aquacultures, and the largest natural seaweed cultivation area
in Guangdong Province is located here. We hypothesized that the geographic features,
including upwellings and dilution water, would lead to converse trends in microplastic
abundance in sediment. The ecological features, such as seaweed ecosystems and benthic
communities, would be sinks for microplastics, but microplastics may have negative
impacts on benthic communities. The objectives of this study are (1) to investigate the
effects of the geographic and ecological features on microplastic spatial and temporal
distributions, (2) to evaluate the seasonal influence on microplastic morphological features,
and (3) to estimate the anthropogenic impacts on microplastic compositions in the surface
sediments from the multiple-used zones in the South China Sea throughout the year. This
study provides a comprehensive perception of the relations between microplastics and
these natural and anthropogenic features in the marine environment. Moreover, plastic
particles >5 mm and <1 µm, defined as mesoplasctics and nanoplastics, were excluded
from this study [8,37].

2. Materials and Methods
2.1. Study Area and Sampling

Eastern Guangdong, the South China Sea, receives the Rongjiang River and Han River.
The geographic environment in this sea area is complex and impacted by the current system.
In the summer, two upwelling regions (B2–B4 and F2–F3 in Figure 1) were reported as
affected by the Pearl River plume dynamics and Taiwan Bank, the offshore freshwater
and alongshore counterpart [38]. In winter, the alongshore area (A1–A5 and A7) is mainly
influenced by the dilution of water from the Rongjiang River and Han River, while the outer
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parts are by the Zhe-Min coastal current from the northeast [39]. Anthropogenic activities
also greatly affected the sea area beside downtown Shantou. Nan’ao Island is a famous
tourist attraction, and summer is usually the peak season. In addition, the sea area is rich
in ecological resources, such as fish, shrimp, crab, shellfish, and seaweed, as an important
source of seafood in Eastern Guangdong. The bay northwest of Nan’ao Island creates a
unique place for mariculture and fishery. There is a seaweed ecosystem to the southeast of
Nan’ao Island and farther from the National Nature Reserve of the Nanpeng Islands.
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Figure 1. Surface sediment sampling sites for microplastic abundance in the multiple-used Zones
A–F in Eastern Guangdong, the South China Sea (A: nearshore sites; B&C: offshore sites with mid and
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The top 10 cm sediments from 26 locations were collected from the present study
using grab sampling. The study site is located in Eastern Guangdong in the South
China Sea (23.08–23.5◦ N, 116.80–117.36◦ E) (Figure 1, Table S1). Three representative
seasons, spring (April), summer (August), and winter (December) in 2021 were cho-
sen, indicating the dry season, the warm and wet season with upwellings, and the
cold season with dilution water. The spring, summer, and winter temperature ranges
were 21.4–22.9 ◦C, 22.1–28.6 ◦C, and 18.7–20.9 ◦C; the dissolved oxygen ranges were
5.6–13.7 mg/L, 5.6–13.7 mg/L, and 5.6–13.7 mg/L; the turbidity ranges were 0.4–58.8 FTU,
0.1–48.6 FTU, and 1.7–123.7 FTU (Table S2).

2.2. Sample Analysis

The extraction method of microplastics in sediment samples was slightly modified
from the recommended standards [40,41] and reported methods [8,42]. Typically, sediment
samples from each location were dried in an oven at 50 ◦C for >24 h to a constant weight,
and then carefully separated into fine grains (by gently tapping and shaking to avoid
damaging microplastics) before being filtered by a stainless steel sieve with 5 mm openings.
An aliquot of ~100 g (dry weight, dw) sediment from each site was transferred into a clean
glass beaker. Afterward, each sample was treated with 30% H2O2 solution to degrade
organic matter and was dried again at 50 ◦C for >24 h to a constant weight. Sodium
chloride (Xilong Scientific Co., Ltd., Shantou, China) with Milli-Q water was used to
prepare a saturated NaCl solution (1.2 g/mL). After being filtered by a Whatman glass
microfiber filter (GF/F, 0.7 µm pore size), the NaCl solution was added and well mixed with
the sediment, followed by a 24-h settlement. The supernatant was then vacuum filtered by
Sartorius cellulose nitrate filter paper (1.2 µm pore size). The filter paper was dried at room
temperature until a constant weight before the microscopic inspection.
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The microplastic particles were visually inspected by a dissecting stereomicroscope
(Mshot MZ62). Microplastic particles with distinct and homogeneous colors but without
organic structures were visually identified and measured. Photographs of all suspected
microplastics were taken by a Mshot MSX2 camera. Afterward, the identification of
suspected microplastics was conducted by a micro-Fourier transform infrared spectrometer
(µ-FTIR, Nicolet iN10, Germany) using transmittance mode and attenuated total reflectance
mode. The spectra were compared with the OMNIC polymer spectra library, and those
matching >85% were considered microplastics. Examples are given for the top four most
abundant microplastics (Figure 2). Peaks at 2956–2840 cm−1 were assigned to CH3, CH2,
and CH [43]. The 1716 cm−1 peak was designated to C=O, while the 970 cm−1 peak for
C-O-C [44]. Peaks at 730–718 cm−1 were also ascribed to CH2 [45]. The detection limit was
approximately 20 µm.
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dong, the South China Sea; PP: poly(propylene); PPPE: polypropylene-polyethylene copolymer;
PET: polyethylene terephthalate; PE: polyethylene; percentage in the bracket: matching degree with
the standard.

Microplastic particles were categorized by color, shape, size, and composition. The
colors were classified into six categories: transparent (colorless particles), yellow (including
orange and brown), red (including pink and purple), white, blue (including green), and
black (including grey). The shapes of the detected microplastic particles were sorted into
three types: fragments, fibers, and pellets. Examples of categorization by color and shape
are shown in Figure S1. Microplastics with different sizes were grouped as 1–100 µm,
101–500 µm, 501–1000 µm, and 1001–5000 µm.

2.3. Quality Assurance and Control

The outer edge of each sediment sample was removed by a stainless steel spatula
to mitigate possible contamination or disturbance by the sampling equipment [46]. The
experiment followed strict measures to minimize possible plastic pollution, e.g., wearing
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a cotton lab coat and closing lab windows. All containers and tools were nonplastic. All
glassware was wrapped with aluminum foil and treated in a muffle furnace at 450 ◦C for
4 h prior to use. The treated Al foil was also applied as a cover for any exposed surface.
Anhydrous ethanol was used to clean the KBr window between samples. Three procedural
blanks were conducted. In addition, the wet blank filter paper was placed alongside each
batch of experiments to evaluate possible contamination from the laboratory environment.
No microplastic pollution was observed in any blanks.

2.4. Statistical Analyses

Data analysis was conducted by IBM SPSS 25. For multiple comparisons among data
sets, the nonparametric Kruskal–Wallis H test was employed, while the Mann–Whitney
U test was performed for pairwise comparisons. Spearman correlation was applied to
assess the relationship between microplastic abundance and different environmental factors.
P < 0.05 was considered statistically significant.

3. Results and Discussions
3.1. Microplastic Abundance and Distribution Affected by Geographic Features

The abundance and distribution of microplastics in sediment samples from Eastern
Guangdong in the South China Sea in April, August, and December 2021 are shown in
Figure 3. The microplastic abundance in the sediment varied from 0 to 444.4 items/kg
dw at all study sites, with the average abundances for April, August, and December
of 117.4 ± 25.9 items/kg dw, 55.7 ± 12.9 items/kg dw, and 116.9 ± 23.8 items/kg dw,
respectively. The highest abundance was at Site A4 in April, while no microplastics were
detected at D2, B3, and C6 in December. As shown in Table S3, the microplastic abundance
was approximately the same order of magnitude as in Beibu Gulf in 2017 [47], Bohai Sea,
and Yellow Sea in 2016 [48]. However, the abundance in the South Yellow Sea and Sanggou
Bay in 2017 was approximately one order of magnitude higher than the present study [6,49].
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Figure 3. Microplastic abundance and distribution in the multiple-used Zones A–F in Eastern
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Note: PA: polyamide, nylon; PE: polyethylene; PET: polyethylene terephtha-
late; PP: polypropylene; PPPE: polypropylene-polyethylene copolymer; PS: polystyrene;
PVC: polyvinyl chloride; N/A: not mentioned in the referred study.

A decrease in microplastic abundance from nearshore to offshore distance was found
in the winter season, indicating the contribution from land on microplastic abundance
was higher (Figure 3). Geographically, A1–A7 are along the coast; A1, A7, B4, C1, and
C4 are along the estuary section of the Rongjiang River, while A2, B2, B3, C2, and C5 are
along the Han River. A larger estuary (Rongjiang River in Figure 1) may have a greater
contribution to microplastic abundance in the sediment than a smaller estuary (Han River
in Figure 1). The microplastic abundance presented a trend from high to low along the
estuary section of the Rongjiang River from nearshore to offshore in April, August, and
December. For the Han River estuary section, the abundance was relatively stable in April
and August (19–90 items/kg dw). However, the abundance in December displayed notable
fluctuation, with B2 exhibiting remarkably high abundance (355 items/kg dw), while no
microplastics were detected for B3; the abundances for A2 and C2 were 40 and 42 items/kg
dw, respectively (Figure S2). Spearman’s correlation among coastal locations (A1–A7, the
average distance to coast as 3.105 km) and the offshore sites with short (B1–B4, the average
distance to coast as 13.438 km) and long distances (C1–C6, the average distance to coast
as 30.849 km) exhibited notable negative connections between microplastic abundance
and distance to coast (Table S4), especially in April (Table S5). These results indicated
that urban river input and human activities on land may have a great contribution to
microplastic abundance in the coastal sediments. The coastal sites received a large amount
of microplastics from the Rongjiang River and Han River prior to being transported to
offshore sites by water movement including waves, tides, and currents. The distribution
of microplastics was affected by hydraulic conditions and peripheral environments [50].
Offshore areas with stronger hydrodynamic conditions retained fewer microplastics than
nearshore areas. The correlation between microplastic abundance and human activities has
been commonly reported [8]. The lowest microplastic abundance in Singapore mangroves
was observed to be related to human activities at low levels [7]. A high correlation between
human inputs and microplastic distribution was also found in the Lagoon of Venice,
Italy [9].

Seasonal currents can influence the microplastic abundance in the sediment. A rela-
tively higher abundance of microplastics was found in winter than in summer (Figure 3).
The increase in microplastic abundance in coastal sediments in December was possibly due
to dilution from rivers [51]. As A1–A5 and A7 are in the dilution water area in winter with
salinities <30‰, the decrease in salinity resulted in a reduction in floating microplastics,
therefore, an increase in their sedimentation. Furthermore, the river input also brought
large quantities of microplastics into the coastal area. Additionally, the raft culture along
the coastlines resulted in biofilms generated on the microplastic surface and promoted their
deposition with increased density; similar phenomena were also reported elsewhere [52].
Although the tendency of microplastic accumulation in the sediment was found during
the dry season (spring, April), resuspension might be induced during the wet season
(summer, August), leading to the decrease of microplastics in sediment. This phenomenon
was also observed in the Liangfeng River where microplastics tended to settle in the dry
season and resuspend in the wet season [15]. Upwellings in summer also affected the
floatation of microplastics, which were observed at Sites B2–B4 and F2–F3 in August [53,54].
These sites are located in the margins where the depth changes, and the upwellings in
the marginal waters of the Eastern Guangdong continental shelf in summer are related
to the shelf break [55]. As a result, the microplastic abundance of B2–B4 and F2–F3 in
August was low. However, no statistical significance was found between microplastic
abundance at sites within the summer upwellings affected area and in other areas (p > 0.05).
Likewise, the statistical insignificance of microplastic abundance between upwelling and
non-upwelled sites was also noticed in seawater from the Benguela upwelling sites in
the Atlantic Ocean [56]. Nevertheless, microplastic concentrations were observed to be
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higher near the water surface during upwelling than during downwelling conditions in
Ría de Vigo, Spain [13]. In addition, the lower fluctuation of microplastic distribution in
August compared to those in April and in December was due to weaker hydrodynamic
conditions including tides, waves, and currents, similar to observations from the Bay of
Brest, France [57].

3.2. Microplastic Abundance Associated with Habitats

In addition to the geographic features, the biological habitat may have correlations
with the microplastic abundances to varying degrees. Zone E is located in the Sargassum
seaweed ecosystem. The major seaweed species below water were Sargassum henslowianum.
The microplastic abundance for Zone E in August was lower than in April and December.
The seaweed, S. henslowianum, grows rapidly in the winter and slowly dies off after March
and resting in summer [58]. Therefore, microplastics were retained by seaweed via direct
contact and entrapment in Zone E in December and April. On the other hand, seaweed is
able to change the microenvironment, such as slowing water velocity, so as to promote sed-
imentation [24–26]; hence, in vegetated sediments, seaweed ecosystems become substantial
sinks for microplastics.

Discrepancies exist in the biodiversity of benthic communities in the nature reserve
and the microplastic abundance. The Nanpeng National Nature Reserve is located in Zone
D, presented as a hotspot of biodiversity. Our preliminary site survey found 27.7 and
53.6 g/m2 of benthos, including Mollusca, Annelida, Chordata, Echinodermata, Nemertea,
and Arthropoda for the winter and summer seasons, respectively (Table S6). Relatively
higher microplastic abundance in Site D was found in December than in August (Figure 3).
Previous studies implicated that a high concentration of microplastics in marine ecosystems
may lead to decreases in biodiversity and disturbances in ecophysiological functions [30,59].
Moreover, the chemical leachates, such as phthalates or heavy metals from degraded
plastics, may induce toxicities in the microorganisms [29,31]. Moreover, the low abundance
in the high biodiverse area was possible because of the high potential for ingestion of
microplastics by organisms, reducing microplastic sedimentation [60]. The negative trend
observed in this work was consistent with the studies mentioned above.

3.3. Seasonal Influence on Microplastic Morphological Features

As displayed in Figure 4a, the shapes of the detected microplastics were mainly frag-
ments (55.8% in total, 69.8% in April, 49.5% in August, and 50.3% in December), followed
by fiber (36.4% in total, 17.2% in April, 47.6% in August, and 42.7% in December), and
pellets (7.8% in total, 13.0% in April, 2.8% in August, and 7.0% in December). Fragments
were detected to comprise 90% of the microplastics, much more than fibers, in sediment
at Tirpitzmole in Kiel Fjord, Germany [61], while they were 34–43% in the Bay of Bengal,
India [33]. However, fiber was found to be the most prevalent in many other sediments,
e.g., Changjiang Estuary, China (93%, [8], intertidal and subtidal sediments on the coastline
of Ireland (86%, Marques Mendes et al., 2021), Jakarta Bay, Indonesia (55.7%, [5]. The low
specific surface area and high density of fragments and fibers improved their sedimenta-
tion [62]. It was found that fragments were attributed to the degradation of macro- and
mesoplastics (>5 mm) (Free et al., 2014), while fibers were possibly from fishing and sewage
(including synthetic fibers from laundering) [12,48].
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The size of microplastics varied from 22.5 to 4363.3 µm, with an average of
507.2 ± 315.0 µm and a median of 313.9 µm. The size distribution of microplastics is
demonstrated in Figure S3, and the size of microplastics clustered in the range of 50–200 µm.
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Microplastics with a size of 101–500 µm were predominant (56.2% in total, 66.8% in April,
43.7% in August, and 55.8% in December, respectively, as shown in Figure 4b). Over-
all, the size of 101–500 µm (56.3%) was much more than those of 501–1000 µm (21.3%),
1001–5000 µm (11.3%), and 10–100 µm (11.1%). Interestingly, there were more small mi-
croplastics (10–100 µm, 18.8%) than mid-sized to large microplastics (9.7% and 4.6% for
501–1000 µm and 1001–5000 µm, respectively) in April; however, the proportion of small
microplastics slightly decreased in August (16.3%) and particularly in December to only
3.7%. Meanwhile, microplastics with sizes of 501–1000 µm increased gradually from April
(9.7%), August (22.4%) to December (28.0%). The difference in the ratio of large microplas-
tics (1001–5000 µm) was relatively stable, at 4.6%, 17.5%, and 12.4% for April, August, and
December, respectively. Previous reports (Table S3) demonstrated that small microplastics
abundantly appeared on seafloor sediments [7,48]. Microplastics 50–100 µm in size are
prevalent in the South Yellow Sea [6]. The size of 100–500 µm was the largest for nonfibrous
microplastics, while the size of 1000–5000 µm was found to be predominant in fibrous
microplastics in the Beibu Gulf [47]. For the Bay of Bengal, 501–1000 µm was the main
size range for July 2019, January 2020, and July 2020 [33]. Microplastics <1000 µm were
the majority in the Changjiang Estuary [8]. Hence, small microplastics were likely to be
transferred from the freshwater system to the marine environment, leading to their wide
dispersion [33].

The colors of microplastics varied, and transparent particles dominated in all 3 months
(46.2–71.6%, 60.9% in total), while black microplastics were the least abundant found
(0.4–2.7%, 1.1% in total), as displayed in Figure 4c. Yellow, red, white, and blue particles
accounted for 14.3%, 7.2%, 10.5%, and 6.1% of the total particles, respectively. Transparent
microplastics were also found to be the most abundant in sediments in the Changjiang
Estuary [8], Beibu Gulf [47], and coastal sediments of Ireland [63] (Table S3). These trans-
parent microplastics were very likely from packaging materials by eye. The compositions
of microplastics were further identified for verification using µ-FTIR.

3.4. Anthropogenic Influences on Microplastic Compositions

Overall, 21 kinds of polymers were detected, among which, 16 were detected in April,
16 were detected in August, and 13 were detected in December (Table 1, Figures 5 and S4).
On the whole, polypropylene (PP), polypropylene-polyethylene copolymer (PPPE), polyethy-
lene terephthalate (PET), and polyethylene (PE) comprised 22.41%, 17.89%, 15.28%, and
12.96% of the detected microplastics, respectively (Figure 5). These compositions are com-
monly used in the textile, packaging, automobile, electronic, and electrical industries. For
instance, PP and PE are frequently applied in food packaging, cosmetics containers, and
furniture. Polyethylene terephthalate is generally used in drink bottles, cosmetics contain-
ers, and textiles. The increased proportion of PET in August was ascribed to the improved
consumption of bottled drinks in warm summer. The polypropylene-polyethylene copoly-
mer is frequently utilized in the automobile, electronic and electrical industries, and the
building industry. The identification of compositions was in line with the observation
of colors, as most transparent microplastics were found to be components widespread
in packaging materials. Urbanization and industrialization have been reported to exten-
sively influence microplastic contamination [64]. The growth of the population during
urbanization increases the use of plastics in daily life; accordingly, the production of plastic
products by industries increases so as to satisfy the raising needs of the growing population.
The improved production and use of plastics along with the improper management of
plastic waste consequently enhances the amount of plastics entering the environment.
Furthermore, abrasive wear during the production and use of plastics is unavoidable,
which is presented as microplastics in the environment. Hence, anthropogenic activities
have intensive relations with water environments, which are at a high risk of microplastic
pollution [65]. The sampling area is largely affected by human activities, as it is nearshore
and close to the downtown area of Shantou city and Nan’ao Island, with high urbanization
and tourism. Various manufactories in industrial areas of Shantou, producing plastic
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packaging/toys, furniture, etc., are not far from the river net. Moreover, some factories
scattered along rivers may contribute to microplastics in the sea, e.g., the electroplating
factory along the downstream region of the Rongjiang River. In addition, laundering in
the downtown area and tourism in the city may be sources of microplastics entering the
marine environment.

Table 1. Polymer types detected in surface sediments of Eastern Guangdong, South China Sea.

Abbreviation Polymers Including

ABS Acrylonitrile butadiene styrene plastic
AHR Aromatic hydrocarbon resin
EEA Polyethylene/ethyl acrylate copolymer
EVA Ethylene vinyl acetate, poly(vinyl acetate:ethylene) 4:1
PA Nylon (polyamide), polyamide 6, polyamide 6,6

PAA Poly(acrylic acid, ammonium salt)
PE Polyethylene, low-density polyethylene, polyethylene white layer (TiO2)

PEP Poly(ethylene:propylene)
PEPD Poly(ethylene:propylene:diene)
PES Polyethylene with kaolin filler, polyester

PESA Poly(ethylacrylate:st:acrylamide)
PET Polyethylene terephthalate, polyester terephthalate
PP Poly(propylene), atactic/syndiotactic

PPPE Polypropylene-polyethylene copolymer
PPA Poly(phthalamide)
PS Poly(styrene), atactic

PSPO Poly(styrene:propylene oxide)
PSAM Poly(styrene:acrylonitrile:mma)

PU Polyether urethane, PPO+MBI
SPT Synthetic polyterpene
TRO Thermoplastic resin from mixed olefins
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Figure 5. Proportions of polymer types in microplastics abundance in surface sediments of multiple-
used zones in Eastern Guangdong, the South China Sea.

In addition, the primary plastic production of PP, PE, and PET in the world and
waste generation resulted in their high abundance [66]. Polypropylene, polyethylene, and
polyethylene terephthalate were frequently observed in sediments as the main components
of detected microplastics—for freshwater sediments: Ciwalengke River in Indonesia [67],
St. Lawrence River in Canada [68], Nakdong River in South Korea [69], Antuã River in
Portugal [70], Thames River in the UK [71], and Pearl River in China [62]; for marine
sediments: Jakarta Bay in Indonesia [5], Huruslahti Bay of Finland [65], Sanggou Bay [49],
Yellow Sea [6], and Beibu Gulf [47] in China (Table S3).
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4. Conclusions

The distribution and characterization of microplastics in the surface sediment of the
multiple-used zones in Eastern Guangdong in the South China Sea in the spring, summer,
and winter of 2021 were assessed. For geographic factors, distance to the coast significantly
affected microplastic distribution with a negative correlation to the abundance, due to
coastal human activities. Dilution of water in winter was helpful for increasing microplastic
precipitation at coastal sites. However, the impacts of summer upwellings were insignificant
on microplastic abundance. For ecological factors, a negative trend was observed between
the biodiversity of benthic communities and microplastic concentrations in the Nanpeng
Natural Reserve. Seaweed ecosystems presented a positive influence on the microplastic
abundance in summer, which became sinks for microplastics. The morphological features
of microplastics displayed seasonal variations, mostly transparent fragments in 101–500 µm.
For anthropogenic factors, the high production and consumption of PP, PPPE, PET, and PE
in industrial and residential activities resulted in the prevalence of these compositions in
the environment. Overall, the microplastic pollution level in the multiple-used zones of
Eastern Guangdong, the South China Sea, is comparable to or even slightly less than that in
many other marine sediments with intensive human activities. Appropriate management
of the use and disposal of plastic waste on land was recommended to alleviate microplastic
pollution in the marine environment.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/w15061160/s1, Figure S1: Microscopic images of typical mi-
croplastics; Figure S2: The microplastic abundance along the estuary section of the Han River from
nearshore to offshore in April, August and December; Figure S3: Size distribution of microplastics in
surface sediments of multiple-used zones in Eastern Guangdong, the South China Sea; Figure S4: The
overall proportions of polymer types in microplastics abundance in surface sediments of multiple-
used zones in Eastern Guangdong, the South China Sea; Table S1: Location of sampling sites;
Table S2: Seawater parameters and sediment moisture content in 2021; Table S3: Comparisons of
abundance and characteristics of microplastics found in marine sediments; Table S4: Spearman’s cor-
relation among microplastics abundance at coastal locations and the offshore sites with short (B1–B4)
and long distance (C1–C6) across the year; Table S5: Results of normality test and Mann–Whitney U
test for microplastics abundance comparisons between coastal locations (A1–A7) and the offshore
sites (B2–B4 and C1–C6). Table S6: Biomass of benthos in the Nanpeng Nature Reserve and peripheral
area in spring and summer.
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