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In recent years, microplastics (MPs) have received extensive attention due to their
bioaccumulation and toxic effects on organisms. However, there are few studies
on MPs in coastal waters ecosystem and the relationship between MPs and
microorganisms. Thus, to understand the concentration and characteristics of
MPs and explore the impact of MPs on microbial community, we collected
sediment samples from the coastal waters of Shenzhen, a developed city in
southern China, and then analyzed them. The results showed that the
concentration of MPs in the sediments of eastern Shenzhen was 119 + 18
items/kg, while the concentration of MPs in the sediments of western
Shenzhen, in which coastal waters were heavily polluted, was as high as 664 +
197 items/kg. micro-FTIR analysis showed that the copolymers of polystyrene
(PS) (39.64%) and polyethylene (PE) (16.26%) were the main types of MPs in
Shenzhen coastal waters. According to optical microscopy, MPs (51.52%) with a
size range of 0.1-0.5 mm dominated sediments in Shenzhen coastal watershed.
Fibrous black plastics and film white plastics were the main forms of MPs in
sediment samples studied in eastern and western Shenzhen. Metagenome and
metabonomics analysis showed that MPs had an impact on microbial diversity in
sediments, the structure and composition of microbial community. What's more,
through a functional prediction analysis, MPs may have different effects on the
functions of various microbial communities. The study on the effects of MPs on
microorganisms in the sediments of coastal waters ecosystem can provides a
basis for further study on the interaction between MPs and microorganisms in
similar habitats.
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1 Introduction

Plastic products are widely used in human life because of their
light weight, corrosion resistance and low price (Thompson et al.,
2004; Baldwin et al., 2016). Microplastics (MPs) are defined as
plastic particles less than 5 mm in diameter, mainly produced by
dissociation of larger items, commodities and industrial additives
(Horton et al., 2017; Kitahara and Nakata, 2020; Zhu et al., 2022a).
MPs can exist almost anywhere in the environment, such as
seawater, fresh water, beaches, sediments, soil and air (Ding et al.,
2019; Zhang et al., 2020; Yan et al., 2022; Zhu et al., 2022a). Since
MPs can be transported in global oceans under the influence of
wind and surface current, they also can adsorb persistent organic
pollutants or heavy metals from surrounding seawater, and can be
eaten by marine organisms with different trophic levels (Wang et al.,
2018a; Wayman and Niemann, 2021). As a carrier, MPs transport
pollutants into the food web, which is considered as one of the
major health risks of marine organisms (Li et al., 2020; Covernton
et al,, 2022; Jiang et al.,, 2023). Therefore, it is of great ecological
significance to understand the concentration, distribution and
characteristics of MPs in the environment.

In coastal waters ecosystems, sediments are not only the sink of
land-based MPs, but also the source of MPs in seawater (Qian et al.,
2018; Wu et al., 2022a). Studies have shown that the abundance of
MPs in sediments is often higher than that in water bodies (Wu et al.,
2020; Ding et al., 2022). Although some plastics usually have a smaller
density than water, due to the impact of wind, hydrodynamic
conditions, bioenrichment and the shape of MPs proper, etc., MPs
in water bodies will settle and accumulate in sediments (Talbot and
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Chang, 2022). Sediments are also a special ecological environment
that integrates chemicals and microorganisms into one (Seeley et al.,
2020; Li et al., 2022a; Li et al., 2022b). Marine sediments are the most
complex microbial habitats on the earth, and microorganisms in
sediments often have morphological and physiological specificity to
adapt to their special environment (Seeley et al., 2020; Hu et al., 2021;
Zhu et al., 2022b). Studies have found that MPs in sediments have
two characteristics, one is that they can serve as particulate pollutants,
and the other is that they can adsorb other pollutants or
microorganisms due to the surface structure and thermodynamic
properties of MPs (Khalid et al, 2021; Qi et al, 2021; Liu et al,
2022b). Some MPs from sediments enter the ocean, while others are
remained in polluted areas permanently or semi-permanently and
accumulate year by year, especially in some enclosed or semi-
enclosed bays and wharves (Boskovic et al., 2021; Yang et al,
2021). When MPs are reserved in sediments, they can only be
degraded by organisms and remain for a relatively long time,
because the MPs in sediments cannot be photolyzed by UV light
(Wu et al,, 2022b). This will significantly raise the pressure of local
environment. Therefore, there is a close relationship between MPs
and microorganisms. MPs contain toxic pollutants and release
phthalate or other additives during degradation, all of these will
affect the diversity and function of microorganisms (Chen et al., 2021;
Zhu et al., 2022a). In coastal marine ecosystems, especially in coastal
waters largely disturbed by human beings, studies on the relationship
between MPs and the microbial community in sediments are
still limited.

Shenzhen, a coastal city, has developed rapidly in the past 40
years and now become an international metropolis (Duan et al,
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2021). However, little is known about the concentration, distribution
and characteristics of MPs, microbial diversity and ecological
strategies of communities in sediments from Shenzhen coasts. In
addition, the metabolic potential of microorganisms in offshore
sediments hasn’t been well characterized. Recent developments in
omics-based techniques and their integration have contributed
towards advances in the fields of environmental biology. The focus
of this study is the presence of MPs and microorganisms in sediments
and their relevant influence. The objectives of this study are as
follows: (1) to investigate the abundance, distribution and
characteristics of MPs in sediments from Shenzhen coastal waters;
(2) to explore the effects of MPs on the structure and function of
microbial community in sediments, and lay a foundation for the
study of the interaction between MPs and microorganisms. This
comprehensive study has important implications for understanding
the regional or global distribution and potential impact of MPs
pollution on microorganisms, and may be a guide for governments
in developing effective plastic waste control programs.

2 Materials and methods

2.1 Sampling and environmental
information

In this study, Shenzhen coastal waters were selected as the
research area, and its location is shown in Figure 1. Shenzhen was
an economically developed coastal city in southeastern China. By the
end of 2021, Shenzhen had a permanent resident population of
17.5601 million, with 1.5532 million in Futian District, 214,200 in
Yantian District, 1.7958 million in Nanshan District, 4.4766 million
in Bao’an District, and 156,200 in Dapeng New Area (Xu et al., 2022).
Sediment samples were collected from 10 sites, including 4 sites (E10,
E21, E41, and E71) in eastern Shenzhen and 6 sites (W11, W12, W14,
W15, W17, and W20) in western Shenzhen. At each site, three
aliquots as replicates, and each one is 10 m apart. In addition, 25 L of
seawater was collected at each site using a water harvester. The
samples were put into an encoded aluminum foil sealing bag and
stored at 4°C to analyze the physicochemical properties of sediments
and extraction of MPs. Environmental properties (e.g. salinity, total
nitrogen (TN), and pH) were detected by KLL-Q-2 portable water
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FIGURE 1
Geographical map of study area.
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level and water quality measuring instrument (Shanghai Haiheng
Electromechanical Instrumentation Co., China) with half of samples
from different sampling sites. Determination of Vibrio abundance
using cell culture (Zhang et al., 2021). At the same time, the samples
used for microbiological analysis were stored in -20°C.

2.2 Extraction of MPs

In the laboratory, all glassware was washed with distilled water, so
that there would be no MPs pollution during the experiment. After
freeze-drying, 300 g was weighed from each sample and placed in a
glass beaker. After that, 250 mL saturated NaCl solution was added
and stirred for 10 min, so that the MPs can be suspended. After
precipitation for 12 h, the supernatant was vacuum suction filtered
using a 3 um stainless steel sieve and NaCl was removed by washing
with distilled water repeatedly. The material on the membrane was
transferred to a glass beaker, and 30% H,O, was added to remove the
organic matter, and the material was suspended in saturated NaCl
solution. The supernatant was filtered with a 3 um steel sieve and
NaCl was removed by rinsing with distilled water for at least 5 times.
The MPs were transferred from the steel sieve to a petri dish for
optical microscopy.

2.3 Observation and identification

The morphological data of MPs were statisticized with an
optical microscope (Olympus BX-51, Japan). According to the
identification rules of previous studies, the MPs were divided into
five size grades: <0.1 mm, 0.1-0.5 mm, 0.5-1 mm, 1-2 mm and 2-5
mm, the shapes were divided into fibrous, film and granular (Li
et al., 2020). The colors were divided into black, blue, red, white and
transparent, etc. A microscopic Fourier transform infrared
spectroscope (micro-FTIR; Thermo Fisher, USA) was used. An
acquisition time of 3 sec and 16 confocal scans were used, and the
micro-FTIR spectrum of each plastic item was recorded with a
resolution of 8 cm™ between 4,000 and 650 cm™. Each spectrum
was compared with the OMNIC Standard Spectral Library. When
the matching degree was higher than 70%, the suspicious particles
can be identified as MPs. The actual quantity of MPs was calculated
based on micro-infrared spectral analysis.

2.4 Metagenomic DNA extraction, library
preparation and sequencing of
microorganisms in sediments

According to the manufacturer’s instructions, each genomic
DNA was extracted with a commercial kit (QIAmp) and the
bacteria were eluted from the microfiltration membrane. The
integrity and purity of DNA were detected by 1% agarose gel. For
DNA samples, high-throughput sequencing was performed on V4-
V5 region of 16S rRNA gene using universal primer sets 515F and
907R. PCR primers were synthesized by Invitrogen Corp.
(Invitrogen, Carlsbad, CA, USA). PCR reaction was performed
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with 25 ul 2x Premix Taq (Takara Biotechnology, Dalian Co. Ltd,
China). The primer was 1 pl (10 mM) each, the template was 3 pl
(20 ng/ul), and the volume was 50 pl. Thermal cycle amplification
reaction: initialized at 94°C for 5 min; denatured at 94°C for 30 s;
annealed at 52°C for 30 s and stretched at 72°C for 30 s, with a total
of 30 cycles. At last, the final extension was performed at 72°C for
10min. The PCR instrument was BioRad S1000 (Bio-Rad
Laboratory, CA, USA). The length and concentration of PCR
product were detected by 1% agarose gel electrophoresis, and
then purified by EZNA gel Extraction Kit (Omega, USA). The
quality of sequencing library was evaluated on Qubit@ 2.0
fluorometer and Agilent 2100 Bioanalyzer System. Sequencing
was performed using Illumina Mi Seq Double-terminal (250
bpx2) Sequencing Platform (Illumina, San Diego, CA, USA).

2.5 Analysis of microbial metabolites
of sediments

After freeze-drying, the samples were weighed into an EP tube,
and 1,000uL extract (acetonitrile: methanol: water=2:2:1) with 1g/mL
internal standard was added. After 30s of whirlpool, the sample was
homogenized at 35 Hz for 4 min, and then sonicated on ice for 5 min.
Homogenization and ultrasound were performed for 5 cycles. And
then the samples were incubated at -20°C for 1h and centrifuged at
11,000 rpm at 4°C for 15 min. The resulting supernatant was
transferred to a fresh glass bottle for analysis. The quality control
(QC) samples were prepared by mixing equal amounts of
supernatant from all samples. The resulting supernatant was
transferred to a fresh glass bottle for analysis. After the original
data was converted to mzXML format by ProteoWizard software, a
self-written R package (whose kernel was XCMS) was used for peak
identification, peak extraction, peak alignment, integration and other
treatments, and then matched with BiotreeDB (V2.1) self-built
secondary mass spectral database for material annotation, and the
cutoff value of algorithm score was set to 0.3.

2.6 Omics data processing

Analysis steps of species composition and diversity of samples:
Kraken2 (whose parameter was confidence 0.2) was used to
annotate and classify all valid sequences of all samples. After
Kraken was used, the metagenomic sequencing data were
classified. We continued to use Bracken (default parameter) to
classify the classification results obtained by Kraken2, and then
adopted Bayesian Reestimation of Abundance to estimate the
species level or generic abundance of metagenomic samples.

Basic steps of metagenomic functional analysis: HUMAnN2
software was used to compare the sequences after quality control
and de-hosting using protein database (UniRef90) (based on
DIAMOND); reads that failed the comparison were filtered out
(HUMAnN2 default comparison parameters: translated query
coverage threshold=90.0, prescreen threshold=0.01, evalue
threshold=1.0, translated subject coverage threshold=50.0); the
relative abundance of each protein of UniRef90 (RPKM, reads per
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kilobase per million, the abundance after the number of reads
(mapped reads) succeeded in comparison and gene length of
samples were corrected) was counted. According to the
correspondence between the ID of UniRef90 and the ID of each
functional database (mainly from LinkDB), the relative abundance
of the corresponding function of each functional database was
counted. From the relative abundance table of the function of
each database, the relative abundance histogram display, Circos
chart display, abundance clustering heat map display, LEfSe
analysis of inter-group functional difference, pair-wise multiple
comparison, DunnTest analysis of inter-group functional
difference, histogram analysis of the origin of species with
significantly different functions, coloring of KEGG pathway map,
and correlation analysis between function and environmental
factors (or other omic data) were carried out.

Basic steps of resistance gene annotation: FMAP software was
used to compare the sequences after quality control and de-hosting
of each sample with CARD database (based on DIAMOND), and
sequences that failed the comparison were filtered out; parameter:
-€0.00001 (evalue threshold). According to the comparison results,
the number of reads of each sample compared to each ARO
reference sequence was counted, so as to calculate the relative
abundance (RPKM, reads per kilobase per million, the abundance
after the number of reads (mapped reads) succeeded in comparison
and gene length of samples were corrected. Finally, starting from
the abundance of ARO, abundance histogram display and
abundance clustering heat map display were conducted.

Correlation analysis: Redundancy analysis (RDA) mainly relied
on R language VEGAN package and visualized using ggplot2.

2.7 Quality assessment and quality control

Throughout the sample collection, sample separation and sample
analysis, we took precautions to avoid contamination from external
plastics. To put it simply, all glass containers were soaked in dilute
nitric acid overnight and then rinsed with deionized water for three
times. All chemical reagents were filtered via a 0.45 um glass film
before use. Microscopy was done in a laboratory with the windows
being closed, so as to reduce air pollution. During the field sampling
and analysis, cotton-padded clothes, gloves and masks should be
worn to prevent contamination from external synthetic fiber. The
solution preparation and extraction of MPs had been carried out in a
laminar flow cabinet. The program blank (ultrapure water) was run
in the same program to make sure that there was no plastic
contamination during analysis.

3 Results and discussion

3.1 The abundance, distribution and
characteristics of MPs

3.1.1 Occurrence and distribution of MPs

Coastal waters were also identified as areas vulnerable to MPs
pollution. MPs pollution in sediment system was an urgent
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problem. As shown in Figures 2 and SI, MPs were detected in
marine sediments at 10 sites in Shenzhen coastal waters. The
concentration of MPs in marine sediments was 101-963 items/kg,
with an average concentration of 446 + 318 items/kg. The
concentration of MPs in the sediments of western Shenzhen was
measured at 664 + 197 items/kg, while in the sediments of eastern
Shenzhen, it was found to be 119 + 18 items/kg. In 2021, Shenzhen’s
gross domestic product (GDP) reached 3,066.485 billion yuan, with
a per capita GDP of 70,800 yuan, reflecting its development
comparable to that of developed countries (Zhong, 2022).
Notably, western Shenzhen displayed robust economic
performance with a GDP of 2,855.268 billion yuan and a
population of 16.5726 million, while eastern Shenzhen showed
relatively lower economic figures with a GDP of 204.144 billion
yuan and a smaller population of 921,700 (Zhong, 2022). And the
industrial and human activities in the western part of Shenzhen are
much higher than those in the eastern part. The abundance of MPs
in the offshore of Shenzhen is not much affected by fishing activities,
because the fishing industry in Shenzhen is dominated by pelagic
fishing. We can clearly observe that the concentration of MPs in
marine sediments of western Shenzhen was much higher than that
in eastern Shenzhen, 9.5 times at most. The development of all
kinds of industrial and human activities can lead to the occurrence
of plastic waste and other pollutants in coastal waters. W15 was a
mangrove area, since mangroves can intercept MPs, W15 became a
place with the highest MPs pollution in Shenzhen (Liu et al., 2022a).
As one of the largest transit centers in China, W17 was considered
as an important distribution center and transit port in southern
China. Due to its geographical location and the introduction of
modern machinery, a large number of items and products are
distributed from here and thus probably lead to significant MPs
contamination. W14 was located downstream of the estuary, near
the most densely populated area, and had the second highest MPs
abundance in Shenzhen. This was probably because the physical
processes involved in the flow of MPs in coastal areas were complex
and influenced by a variety of environmental factors. Injecting MPs
into upstream water can greatly increase the MPs abundance of
sediments in downstream water. Eastern Shenzhen has developed
tourism vigorously and the coastal waters are clean, so the pollution
level of MPs is low. In this study, relatively high abundances of MPs
were observed in the coastal sediments of the Shenzhen, with a

Number (items-kg

A E10 E21 E41 E71 W11 WI2 WI4 W15 W17 W20
Sampling sites

FIGURE 2
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mean of 446 + 318 items/kg, which was much higher than those in
the marine sediments of the Chilean fjords, Oslofjord, the Belgian
coast, Canadian Arctic, Tarragona coast, Zhuhai and East
China Sea.

3.1.2 Surface morphology of MPs

The shape, size and color of MPs may change the exposure
pathway of MPs to human body, and affect the potential ecological
risk of MPs in sediments. In this study, the analysis of MPs can be
divided into three major shapes, that is, fibrous, film and
fragmented, as shown in previous studies. Specifically, fragmented
MPs were bulky MPs with a small piece or part of plastic. MPs films
were more likely secondary MPs packages formed by the
degradation of large flexible plastics, and a very thin plastic layer
can be observed. Fibrous was the most common form of MPs, and
these types of MPs had a long and thin appearance. Different shapes
of MPs in the sediments from eastern and western Shenzhen had
different proportions, as shown in Figure 3. Fibrous was the
predominant form of MPs in the sediment samples of interest
from eastern and western Shenzhen, accounting for 63.77% of the
total MPs (Figures 3A, B), and the results were similar to the
detection results of MPs in waters along the Black Sea of Bulgaria
(Pojar et al, 2021). These fibers may derive from fishing tools,
which were often damaged during fishing activities, or transported
to the aquatic system through sewage discharge. The proportion of
MPs film in western Shenzhen was obviously higher than that in
eastern Shenzhen, which was probably caused by the dense
residential areas and industrial areas in western Shenzhen. Based
on previous studies, it has been observed that plastic fragments tend
to accumulate along the shoreline and undergo physical abrasion
with sand, resulting in the generation of MPs fragments (Carvalho
et al,, 2021). Consequently, the proportions of MPs fragments were
relatively bigger in beach sites E10 and E71, as depicted
in Figure 3B.

MPs can be divided into five groups according to size grades
(<0.1mm, 0.1-0.5mm, 0.5-1mm, 1-2mm and 2-5mm). According to
the size distribution summarized in Figure 3C and d, MPs with a
size range of 0.1-0.5mm dominated sediments in Shenzhen coastal
watershed, accounting for 51.52% of the total number of detected
debris. Among the detected MPs, 23.41% were found to be MPs
with a size of less than 0.1 mm, 10.61% with a diameter of 0.5 to
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Concentration of MPs in different sampling sites across Shenzhen. (A) MPs concentration (items-kg™) of 4 sampling sites (E10, E21, E41, and E71) in
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Imm, 9.37% with a diameter of 1 to 2mm and 5.09% with a
diameter of 2 to 5mm. The size distribution ratios of MPs in
sediments were similar (Figure 3D).

This was consistent with the particle size of MPs observed in the
sediments of coastal cities. The high proportion of 0.1-0.5 mm MPs
was also proved by previous studies. For example, the main size of
MPs detected in the Saigon River was <0.25 mm (Lahens et al,
2018), while after investigating 29 Great Lakes in the world, Baldwin
etal. (2016) discovered that 72.00% of MPs were within the range of
0.35-0.99 mm. Turbulence induced by tides may strongly affect the
exchange of MPs between the Maozhou River (W14) and Pearl
River Estuary. The small-sized MPs in sediments were more
susceptible to interference and resuspended in water, thereby
entering the aquifer through the gap of bedrock and leading to a
higher risk of human exposure (Panno et al,, 2019).

Colors were also considered as a fundamental issue affecting the
intake of MPs by organisms (Abayomi et al., 2017). For this reason,
the colors of MPs were recorded in this study (Figures 3E, F),
including black, blue, red, white, transparent and others. The results
showed that black MPs accounted for the largest proportion in the
waters of eastern Shenzhen, up to 53.38%, and these black fibers
may be produced by fishing nets used for fishing activities.
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Transparent MPs were the second largest category MPs (20.68%).
White MPs accounted for the largest proportion in the waters of
western Shenzhen, up to 45.33%. Transparent MPs were the second
largest category MPs (14.70%). The high proportions of white and
transparent MPs in high industrial and residential areas were
consistent with many previous studies (Wang et al., 2019; Marti
etal., 2020; Cai et al., 2022). Reportedly, this was caused by the spill
of plastics production from surrounding industries and fading
during strong weathering processes, for example, tides and waves
(Cho et al., 2019).

3.1.3 Identification of polymers in MPs

Micro-FTIR analysis showed that there were mainly five types
of polymers in the sediments of coastal waters of Shenzhen
(Figures 4A, B): polystyrene (PS), polyethylene (PE), polyethylene
terephthalate (PET), polypropylene (PP) and polyamide (PA). The
polymer composition in MPs varied with eastern and western
Shenzhen. The copolymer of PE and PS was the main type of
MPs, which accounted for 16.26% and 39.64% of the total polymers
in samples from waters around Shenzhen, respectively. In sediment
samples from eastern Shenzhen (Figure 4C), the proportion of PS
(42%) was the largest among the detected plastic polymers, followed
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Polymer types of MPs in sediments of the seas around Shenzhen.
(A, B) Number and percentage of MPs. (C) Comparison of MPs
abundance in eastern and western Shenzhen. The outer circle
represents the eastern sample, and the inner circle represents the
western sample.

by PA (23.42%), PP (16.88%). PE was usually widely used in the
packaging and manufacturing of disposable tableware. In sediment
samples from western Shenzhen (Figure 4C), the proportion of PE
(44.28%) was the largest among the detected plastic polymers. PE
was a frequently detected type of MPs polymer and had a wide
range of applications, mainly derived from fragments of rigid
plastics and packages. PP was used to make hard plastic tools and
furniture, such as textile floor coverings, carpets and fishing nets.
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Likewise, the diversity of polymer types detected was smaller than
that of MPs collected from Nordic coastal waters (Kooi et al., 2017;
Bronzo et al., 2021). Even if the density of PE and PP in water was
lower than that of water, they can settle and accumulate in
sediments, which was affected by wind, hydrodynamic conditions,
bioenrichment and the shape of MPs proper, etc (Kooi et al., 2017).
The main types of PP and PE based on environmental samples are
relatively less risky than PVC. Due to the change of molecular
structure, PVC is one of the most widely used plastics with unique
chemical properties. After entering the environment, it will release
carcinogenic monomers and inherent plasticizers (Bronzo et al.,
2021). Generally speaking, the diversity of MPs was attributed to its
relationship with different sources of incoming plastic waste and
relatively strong coast types.

3.2 Relationship between MPs and
microbial community

Microorganisms drove biogeochemical cycles, which connected
abiological and biological processes in the environment and were
intricately linked with plastic fragments (Harrison et al., 2014;
McCormick et al., 2014). As MPs settled to the seabed, they were
buried and fused into aerobic sediment-water interface,
biodisturbance region and anoxic sediments. Coastal marine
ecosystems directly received MPs from the land runoff,
undesirable waste management, storm drains, sewer overflow, and
sewage treatment plant discharge. It was particularly important to
explore the effects of MPs on microbial community of coastal
marine sediments. As a unique microbial habitat, MPs can not
only change the community structure, but also influence the
microbial function, and potentially affect the ecological function
of microbial community in ecosystem (Kong et al., 2018; Wang
et al., 2018b).

3.2.1 Effect of MPs on the diversity of microbial
community

Figure 5A indicates a significant correlation between MPs and
microbial community characteristics. The similarity of microbial
composition in all samples was analyzed by means of PCoA, and the
results showed that samples from eastern sites were obviously
separated from those from western sites (Figures 5B, S1). Three
duplicate samples from the same site were clustered together,
indicating that there was good consistency within this group.

The results of microbial composition indicated that the bacteria
in sediment samples were dominated by Proteus, Bacteroides,
Planus, Chloromyces, Acidophilic Bacteria, Actinomycetes, and
Cyanobacteria, accounting for 76.70% of all microorganisms on
average (Figures S2A, S3A). As shown in Figures 5C and S2B, the
eastern samples exhibited higher levels of Aspergillus (87.63%),
with the highest level observed in sample E41 (90.61%) at the
phylum level. Conversely, the western samples showed higher levels
of Aspergillus (83.70%). Sample E9s had the highest abundance of
Bacteroidetes (94.93%) among all samples. Euryarchaeota (2.12%)
had relatively higher abundance in the western samples, about 10
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FIGURE 5

(A) Spearman correlation analysis to analyze the relationship between MPs concentration and microbial community characteristics in the genus level
(B) PCoA based on Bray Curtis distance matrix. (C) Relative distribution of eastern and western sample at the genus level (top 20 relative abundance).

times higher than in the eastern samples. At the genus level
(Figure 5C), compared to the eastern region, western samples had
higher levels of Thauera (5.41%), Pseudomonas (4.67%), Escherichia
(3.61%), Desulfatitalea (3.64%), and Acidovorax (2.97%). Other
microorganisms like Salmonella (6.54%), Ruegeria (6.30%),
Altererythrobacter (3.68%), and others were enriched in eastern
sediment samples.

At the species level, abundant types were Salmonella enterica,
Escherichia coli, Desulfatitalea tepidiphila, Pseudomonas
aeruginosa, Altererythrobacter ishigakiensis, and Thauera
aminoaromatica (Figure S3B). Escherichia coli, Desulfatitalea
tepidiphila, Thauera aminoaromatica, Thauera sp. MZ1T, and
Methanothrix soehngenii were more prevalent in western
samples, while microorganisms like Altererythrobacter
ishigakiensis, Ruegeria lacuscaerulensis, Phaeobacter gallaeciensis,
Ruegeria sp. AD91A, and Tropicimonas sediminicola were enriched
in eastern sediment samples. Altererythrobacter ishigakiensis
removed polycyclic aromatic hydrocarbon with high molecular
weight from petroleum contaminated environment (Park et al,
2019). Ruegeria lacuscaerulensis, Ruegeria sp. AD9IA played an
important role in the carbon and sulfur cycle of marine ecosystem.
Phaeobacter gallaeciensis can produce the potent antibacterial
compound tropodithietic acid, which inhibited both fish and
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human pathogenic bacteria, as well as many non-pathogenic
bacteria (Arahal et al,, 2018; Shao et al., 2019). Desulfatitalea
tepidiphila and Thiobacillus denitrificans can oxidize reduced
sulfides and were present in various sulfur-rich environments
(Kubo et al., 2014). Methanothrix soehngenii was a class of
archaebacteria that can ferment inorganic or organic compounds
anaerobically into methane and carbon dioxide (Ohtsubo et al,
1992). These phenomena are attributed to the higher concentration
of microplastics in western Shenzhen. The presence of microplastics
can indeed alter the microorganisms’ living environment by
providing a novel bio-attachment surface, potentially leading to
changes in their growth and distribution patterns.

In addition, we used metagenomic sequencing data to predict
the KEGG pathway of microbial community at each sampling point
(Figures 6A, S4). The top five pathways in our samples were about
amino acid metabolism, carbohydrate metabolism, energy
metabolism, and metabolism of cofactors. The KEGG models of
functional differences of these important pathways were not highly
similar, which suggested that there were potential similar functions
between these eastern sediments and western sediments as a whole.
However, there were also some obvious differences in the relative
abundance of functions, for example, the western prediction
pathways (e.g. Carbohydrate metabolism, Global and overview

frontiersin.org


https://doi.org/10.3389/fmars.2023.1189876
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Zhang and Liu

B East =3 West

s E—
Globalandoverviewmaps

Chemicalstructuretransformationmaps

Cellularcommunity_prokaryotes
Infectiousdiscases_Parasitic
Signaltransduction

LDA SCORE (log 10)

FIGURE 6

cenmontity E ]
i )

10.3389/fmars.2023.1189876

15-cyclohexyl pentanor PGF2alpha

(A) LEfSe Analysis of basic Metabolic Pathway of KEGG. (B) Radar map analysis of differential metabolites. For each group of comparisons, we
calculate the corresponding ratio for the quantitative values of differential metabolites, and take 2 as the base logarithmic conversion, which is
expressed in red font, and each grid line represents a multiple of the difference. Purple shadows are made up of multiple lines of difference for each

substance.

maps, Cellmotility, Chemical structure transformation maps, and
Cellularcommunity prokaryotes) were more abundant than
eastern ones.

We calculated Euclidean distance matrix using the quantitative
value of differential metabolites, clustered the differential
metabolites by complete linkage, and displayed them with
thermodynamic chart (Figure S5). The results are shown in
Figures 6B and S5, and there were obvious differences in
microbial metabolites between eastern and western Shenzhen.
Phosphatidylethanolamine lyso 16:0, cholesterol sulfate, 15-
cyclohexyl pentanor PGF2alpha, Eicosa-5Z,8Z-dienoic acid (20:2,
n-12), 8-iso PGF3alpha in the west and Norleucine, allopurinol,
Threonic acid, L-Glutamate, Xanthine in the east. However,
different microorganisms may have similar functions. For this
reason, microbial composition may change significantly in
response to external pressure, while the main functional structure
of microbial community remained relatively stable (Qian et al,
2018). The presence of microplastics may affect the microbial
habitat by providing new biological attachment surfaces or by
releasing organic material that can lead to changes in microbial
metabolic pathways (Li et al., 2020).

3.2.2 Correlation analysis between MPs and other
environmental factors and microorganisms

In order to explore the correlation analysis between MPs and
other environmental factors and microorganisms, we analyzed
environmental factors of each sample in western Shenzhen and
eastern Shenzhen (Figure 7; Table S1). Dissolved oxygen (DO), TN,
total phosphorus (TP), chemical oxygen demand (COD), harmful
marine vibrio (HMV), transparence and MPs were also significantly
correlated with microbial composition (p=0.001). In general, the
water quality in the west coast was worse and may affect the
microbial community around the coastline (Li et al., 2018a).

RDA analysis showed that at the phylum level (Figure 7A), the
most abundant Proteobacteria in samples from eastern sites was
significantly negatively correlated with the abundance of MPs, while
Euryarchaeota found in western samples, which was about 10 times
higher than the relative abundance of eastern samples, was
significantly positively correlated with the abundance of MPs.

Frontiers in Marine Science

Euryarchaeota, as an important and ubiquitous archaebacteria,
made great contributions to the global energy cycle (Ma et al,
2020). It was universally known that Euryarchaeota got involved in
the production of greenhouse gas, and methane was the final
product of anaerobic respiration. This biological process
accounted for about 74% of atmospheric methane emitted on the
earth. In addition to the production of methane, Euryarchaeota was
also found to oxidize methane, fix nitrogen, reduce nitrate and
metabolize sulfur and iron (Evans et al., 2019). This also suggested
that the pollution degree of coastal waters in western Shenzhen was
far greater than that of eastern Shenzhen.

At the genus level (Figure 7B), the abundant bacterial colonies,
Salmonella (6.54%), Ruegeria (6.30%), Altererythrobacter (3.68%),
Phaeobacter (2.90%), Paracoccus (2.15%) and Klebsiella (1.34%) at
eastern sites, the abundant bacterial colony Pseudomonas (4.67%) at
western sites were significantly negatively correlated with MPs
abundance. The dominant bacteria of Salmonella appeared in
eastern Shenzhen, and Salmonellosis was one of the zoonotic
diseases of great significance to public health (Eng et al., 2015).
After infection, humans and animals can present as asymptomatic
carriers, or show fatal disease with clinical symptoms, which may
aggravate morbidity or mortality, or lower the reproductive
productivity of animals (Eng et al., 2015). This may be attributed
to the discharge of waste water from numerous breeding areas in the
east. Altererythrobacter had the ability to degrade polycyclic
aromatic hydrocarbon with high molecular weight. Ruegeria
played an important role in the carbon and sulfur cycle of marine
ecosystem (Arahal et al., 2018). Phaeobacter can produce an
effective antibacterial compound, thiodithionic acid, which can
inhibit both pathogenic bacteria in fish and humans and many
non-pathogenic bacteria (Breider et al., 2017). While Thauera
(5.41%), Escherichia (3.61%), Desulfatitalea (3.64%) and
Acidovorax (2.97%) found in western samples, which had higher
relative abundance than eastern samples, were significantly
positively correlated with MPs abundance. Thauera, a typical
genus of denitrifying bacteria, is widely found and dominant in a
variety of biological treatment processes of wastewater (Mao et al,,
2014). Thauera have a wide range of carbon and nitrogen metabolic
pathways, which enable them to remove carbon, nitrogen and
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RDA analysis of each sample at the phylum (A), genus (B), and
species (C) level.

phosphorus from wastewater (Mao et al., 2014). Desulfatitalea and
Thiobacillus exist in all kinds of sulfur-rich environments and can
oxidize reduced sulfides (Han et al, 2021; He et al., 2021).
Methanothrix is a class of archaebacteria that can ferment
inorganic or organic compounds anaerobically into methane and
carbon dioxide (Li et al., 2018b). MPs, as well as polycyclic aromatic
hydrocarbon and other organic compounds adsorbed by plastics,
offer nutrition to some bacteria with hydrocarbon degradation
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function. MPs are not only the source of carbon, but also can
absorb organic carbon and offer nutrition to some bacteria with
carbon metabolism function. This may lead to the increase of genes
with carbon metabolism function in microbial communities in
western Shenzhen. The existence of MPs changes the composition
of microbial community and the cycling processes of carbon,
nitrogen and sulfur in sediments.

In the CCA/RDA ordination chart, environmental factors are
indicated by arrows, and the length of the arrow line represents the
degree of correlation between an environmental factor and
community distribution and species distribution (explain the size
of variance). The longer the arrowhead is, the greater the correlation
is, and vice versa. The angle between the arrow line and the sorting
axis represents the correlation between an environmental factor and
the sorting axis, the smaller the angle, the higher the correlation,
and vice versa. When the angle between environmental factors is
acute, it means that there is a positive correlation between the two
environmental factors, and a negative correlation when the angle is
obtuse. Each point represents a species, the larger the point, the
higher the corresponding species abundance, and the gray dots
represent the species with lower abundance.

4 Conclusion

MPs are detected in marine sediments at 10 sites of Shenzhen
coastal waters. The concentration of MPs in marine sediments
ranges from 101 to 963 items/kg, and is 446 + 318 items/kg on
average. The concentration of MPs in marine sediments of western
Shenzhen is much higher than that in eastern Shenzhen, 9.5 times at
most. Micro-FTIR analysis shows that the copolymers of PS
(39.64%) and PE (16.26%) in Shenzhen coastal waters are the
main types of MPs. These potential disparities can be attributed
to differences in economic development and population density
between the eastern and western parts of Shenzhen. It was obtained
through Spearman correlation analysis that the presence of MPs has
a great impact on microbial diversity, which further affects the
functioning of the microbial community. In conclusion, this study
presents a comprehensive investigation of MPs pollution in
Shenzhen Coastal Waters, shedding light on the interaction
between MPs and microorganisms in the coastal marine
environment, providing a valuable basis for future research in
this field.
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