
Frontiers in Marine Science

OPEN ACCESS

EDITED BY

Yanan Chen,
Carnegie Mellon University, United States

REVIEWED BY

Cheng Zhang,
Zhejiang Agriculture and Forestry University,
China
Yali Huang,
Chengdu University of Technology, China

*CORRESPONDENCE

Suzhen Huang

huangsz@fudan.edu.cn

Zheng Zheng

zzhenghj@fudan.edu.cn

RECEIVED 26 November 2024

ACCEPTED 09 December 2024
PUBLISHED 23 December 2024

CITATION

Li G, Ran J, Dong J, Yang K, Hu J, Shi J,
Zhang Y, Chen J, Zhao Y, Zhu E, Huang S and
Zheng Z (2024) Effects of microplastics
pollution in sediments on physicochemical
properties and microbial community
distribution in coastal Spartina alterniflora-
invaded wetlands.
Front. Mar. Sci. 11:1535036.
doi: 10.3389/fmars.2024.1535036

COPYRIGHT

© 2024 Li, Ran, Dong, Yang, Hu, Shi, Zhang,
Chen, Zhao, Zhu, Huang and Zheng. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 23 December 2024

DOI 10.3389/fmars.2024.1535036
Effects of microplastics pollution
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properties and microbial
community distribution in
coastal Spartina alterniflora-
invaded wetlands
Guo Li1, Jiao Ran1, Jing Dong1, Kai Yang1, Jingru Hu1, Jing Shi1,
Yumiao Zhang1, Jiabin Chen1, Yu Zhao1, Ensheng Zhu1,
Suzhen Huang2* and Zheng Zheng1*

1Department of Environmental Science and Engineering, Fudan University, Shanghai, China, 2College
of Biological and Environmental Engineering, Zhejiang Shuren University, Hangzhou, China
Introduction: Coastal wetlands play an important role in the global ecosystem,

yet they are increasingly facing ecological degradation due to pollution and the

spread of invasive Spartina alterniflora (S. alterniflora). Among the environmental

challenges, microplastics (MPs) contamination in S. alterniflora-invaded coastal

wetlands is of growing concern. However, the effects of MPs pollution in S.

alterniflora-invaded coastal wetlands are not clear.

Methods: This study investigated the effects of S. altemiflora invasion on the

distribution of MPs and the effects of MPs pollution on the physicochemical

properties of sediments and the structure of microbial communities in the

Tiaozini wetland of Jiangsu Province, China.

Results and discussion: The total MPs abundance of the S. altemiflora single-

plant area was the highest (16.338 x103 items/kg d.w.). Polyurethane and

Chlorinated polyisoprene are typical MPs types in the study area. Polyurethane

exhibits high abundance at all sampling sites, while Chlorinated polyisoprene is

one of the dominant MPs types in the single-plant and sub-mature area of S.

alterniflora. The results showed that the invasion of S. alterniflora promoted the

accumulation of MPs in the sediments of the coastal wetland. This accumulation

increased the total organic carbon (TOC), available phosphorus (AP) and total

nitrogen (TN) contents. Moreover, MPs pollution increased the ALP and SUC

enzyme activities of sediment. In addition, MPs contamination increased the
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abundance of Proteobacteria and Bacteroidota in the sediments. This study

highlights the complex interactions between MPs pollution and S. alterniflora

invasion, providing the foundation for understanding the synergistic impacts of

these stressors on coastal wetland ecosystems.
KEYWORDS

coastal wetlands, Spartina alterniflora, microplastics pollution, physicochemical
properties, microbial communities
1 Introduction

As a globally important environmental type, coastal wetlands

have complex and diverse ecosystems (Li et al., 2021; Wang et al.,

2023). The coastal wetlands play an important role in various

material cycles (Wu et al., 2022). Due to the proximity of coastal

wetlands to the “ocean”, coastal wetlands may experience more

serious pollutant aggregation than other wetlands (Adomako et al.,

2024). The invasion of Spartina alterniflora (S. alterniflora) and the

accumulation of pollutants such as microplastics (MPs) are

becoming increasingly prominent.

S. alterniflora is native to the Atlantic coast of North and South

America. Due to its strong adaptability to environmental factors

such as salinity and climate (Cao et al., 2021; Lin Y. et al., 2022), S.

alterniflora has invaded large areas globally. The invasion of S.

alterniflora has seriously affected the physicochemical properties,

microbial community structure, and enzyme activities of the soil.

Bai et al. (2017) found that the invasion of S. alterniflora

significantly reduced the soil nutrient content, and Zhang et al.

(2021) found that organic carbon content in wetlands invaded by S.

alterniflora significantly increased compared to wetlands

dominated by native plants. Moreover, S. alterniflora invasion

changed the microbial communities structure of wetlands (Cao

et al., 2021). Lin et al. (2021) also found that S. alterniflora invasion

significantly affected the composition, diversity, and specific

functions of soil microorganisms in different seasons.

With the rapid development of human society, plastic products

have been widely used because of their excellent properties such as

low cost and stable property. However, this has led to a significant

environmental issue. It is estimated that nearly 11 million tons of

plastic waste enter the oceans annually (Geyer et al., 2017). By 2050,

the total amount of plastic debris in the ocean is expected to exceed

the total amount of fish (Gallo et al., 2018). Behind the massive use

of plastic products, MPs have emerged as a “new pollutant”,

appearing in various environments and organisms, such as water

bodies (Turan et al., 2021), sediments (Cincinelli et al., 2021), birds

(Tokunaga et al., 2023), and plants (Yin et al., 2021; Adomako et al.,

2024). However, the impact of MPs pollution on the

physicochemical properties, enzyme activities, and microbial

communities of sediments at different levels of S. alterniflora

invasion is still unclear.
02
This study focuses on the Tiaozini coastal wetland, which has

been invaded by S. alterniflora, and aims to investigate: (1) the

distribution characteristics and abundance of MPs; (2) the effects of

MPs on the physicochemical properties and enzyme activities of the

coastal wetland sediments; (3) the influence of MPs on the

microbial communities structure in the coastal wetland invaded

by S. alterniflora. The results will provide the data support for

understanding how invasive species and pollution interact to affect

coastal wetland.
2 Materials and Methods

2.1 Study area and sample collection

The research area is located in the Tiaozini World Natural

Heritage Site in Dongtai City, Jiangsu Province, China, and the

study area ranges from 32°49′~32°51′ N, 120°57′~120°59′ E

(Figure 1). According to the types of plants and distribution of S.

alterniflora, the sampling sites were mainly located in the Suaeda

area (SA) and the S. alterniflora none-plant area (NP), the S.

alterniflora single-plant area (SP), the S. alterniflora sub-mature

area (SM), and the S. alternifloramature area (MA). Three sampling

sites were set up in different areas, and the distance between the

adjacent sampling sites was about 1 km. Sediment samples were

collected at the depth of 0-20 cm at each sampling site and stored in

the dark at 4°C.
2.2 MPs extraction and analysis

Weigh 30 g of the sample and add 60 mL of 1.7-1.8 kg/L ZnCl2
(Guaranteed reagent), stirred thoroughly for 2min, and leave it for

12 h. After that, the suspension was transferred to another beaker

and 60 mL of 30% H2O2 was added, stirred thoroughly, and after

that, left to stand for 24 h. The solution was vacuum pumped and

filtered, and the filter membrane was immersed into ethanol

solution for ultrasonication clearing the membrane with ethanol

several times. The concentrated ethanol solution was dropped on

the high reflective glass until the ethanol completely evaporated.
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Then the MPs were measured using a laser infrared imaging system

(8700LDIR, Agilent, USA).
2.3 Identification of physical and chemical
properties of soil

After the dried sediment samples were passed through a 2 mm

sieve and impurities were removed, the physicochemical properties

of the samples were determined, including total organic carbon

(TOC) (Kong et al., 2015), total inorganic carbon (TIC), total

nitrogen (TN) (Wang and Lin, 2023), ammoniacal nitrogen

(NH4
+-N) (Zhang et al., 2023), total phosphorus (TP), available

phosphorus (AP) (Ding et al., 2023), total potassium (TK) (Yu et al.,

2022), available potassium (AK) (Yu et al., 2022), and electrical

conductivity (EC), and the activities of urease (URE), alkaline

phosphatase (ALP) (Bai et al., 2017), catalase (CAT) (Chen et al.,

2022), and sucrose (SUC) (Bai et al., 2017).
2.4 Analysis of microbial communities

In this study, we analyzed the abundance and structure of

bacterial community composition in sediments by PCR

amplification of 16S rDNA. 16S rDNA high-throughput

sequencing was conducted by Shanghai Weipu Testing

Technology Group Co., Ltd. (Shanghai, China). DNA was

extracted from the sediment by 1% agar gel assay and amplified

using a PCR instrument (GeneAmp&reg 9700, ABI, USA) and

TransStart Fastpfu DNA polymerase (AP221-02, Allstyle Gold,

China). The PCR products were quantified using a blue

fluorescence quantification system (QuantiFluor™ -ST, Promega,

USA). Then, Illumina libraries were constructed and Illumina
Frontiers in Marine Science 03
sequencing was completed. After splicing the PE reads obtained

from Illumina sequencing according to the overlap relationship, the

OTU information of bacteria in the sediments was obtained.
2.5 Statistical analysis

The data were mainly organized and analyzed by Microsoft

Excel 2019; the statistical analysis of data was realized by IBM SPSS

22.0; and the plotting of experimental results was completed by

Origin 2023.
3 Results and discussion

3.1 Distribution characteristics of MPs
pollution in coastal wetlands

The abundance of MPs in different areas is shown in Table 1.

The MPs abundance in the mature area of S. alterniflora and the

Suaeda growing area was 0.790 ×103-1.378 ×103 items/kg d.w. and

0.199 ×103-1.851 ×103 items/kg d.w., respectively, while the MPs

abundance in the none-plant area (0.466 ×103-5.477 ×103 items/kg

d.w.). The total MPs abundance is as follows: SP (16.338 ×103 items/

kg d.w.)> SM (11.608 ×103 items/kg d.w.)> NP (7.491 ×103 items/kg

d.w.) > SA (3.190 ×103 items/kg d.w.)> MA (3.145 ×103 items/kg

d.w.). Tidal action may be an important reason for the seriousness

of MPs pollution in non-plant areas compared with the mature area

of S. alterniflora and Suaeda salsa (Wang et al., 2021). In

comparison to the none-plant area, the mature area of S.

alterniflora and Suaeda area are located farther from the

coastline, potentially mitigating the influence of MPs originating

from seawater on these areas. Furthermore, the S. alterniflora
FIGURE 1

Study area and location of sampling sites.
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populations in the single-plant area and sub-mature area serve as

the buffer, reducing the impact of MPs transported by seawater on

the mature area of S. alterniflora and Suaeda area. The abundance

of MPs in sediments increased significantly from 0.466 ×103-5.477

×103 items/kg d.w. to 2.505 ×103-5.306 ×103 items/kg d.w. with the

intensification of the invasion of S. alterniflora from the none-plant

area to the sub-mature area of S. alterniflora, suggesting that the

invasion of S. alterniflora exacerbated MPs contamination of the

coastal wetland. Compared with the estuary of the Yangtze River

(Peng et al., 2017) and the southern Yellow Sea, East China Sea

(Zhang et al., 2019), the abundance of MPs was found to be
Frontiers in Marine Science 04
significantly higher in this study area. This also indicates that

coastal wetlands are more susceptible to MPs contamination than

marine sediments. In addition, MPs contamination caused by the

invasion of S. alterniflora has also exceeded the status of MPs

contamination in sediments in many other countries (Rodrigues

et al., 2018; Eo et al., 2019).

It was found that the MPs types varied among the S. alterniflora

invasion area and the Suaeda area (Figure 2). The types of MPs were

more diverse in the non-plant area, with 16 types, compared to the

Suaeda area, which had 11 types. This phenomenon is closely related

to the influence of tides (Anonymous, 2016). Tides continuously
FIGURE 2

Composition of MPs in sediments from different areas.
TABLE 1 MPs abundance in different types of sediments and soils.

Sample Soil application Location
MPs abundance

(×103 items/kg d.w.)
References

Sediment None plant area Tiaozini Wetland, Jiangsu Province, China Range 0.466-5.477 This study

Sediment Single plant area Tiaozini Wetland, Jiangsu Province, China Range 0.972-10.889 This study

Sediment Sub-mature area Tiaozini Wetland, Jiangsu Province, China Range 2.505-5.306 This study

Sediment Mature area Tiaozini Wetland, Jiangsu Province, China Range 0.790-1.378 This study

Sediment Suaeda area Tiaozini Wetland, Jiangsu Province, China Range 0.199-1.851 This study

Sediment Offshore sediment Yangtse River, China Mean 0.121 ± 0.009 Peng et al., 2017

Sediment Coastal sediment Southern Yellow Sea and East China Sea Mean 0.134 ± 0.006 Zhang et al., 2019

Sediment Lake sediment East Dongting Lake, Hunan Province, China Range 0.180-0.693 Yin et al., 2020

Sediment Bay sediment Jiaozhou Bay, China Mean 0.015 ± 0.006 Zheng et al., 2019

Sediment Channel sediment Nakdong River, South Korea Mean 1.97 ± 0.062 Eo et al., 2019

Sediment Channel sediment Antuã River, Portugal Range 0.014-0.628 Rodrigues et al., 2018

Sediment Marine sediment The Bering Sea, the Chukchi Sea, and the Bering Strait Range 0.000-0.069 Mu et al., 2019

Soil Agriculture land Nanjing and Wuxi, Jiangsu Province, China Range 0.420-1.290 Li et al., 2019

Soil Agriculture land Hangzhou Bay, Zhejiang Province, China Range 0.263-0.571 Zhou et al., 2020

Soil Agriculture land Yunnan Province, China Mean 9.8 Huang et al., 2021

Soil Woodland Wuhan, Hubei Province, China Mean 410 Zhou et al., 2019
(d.w. indicates dry weight).
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bring various types of MPs from the ocean, which accumulate in the

wetland areas near the coastline as the tide rises and falls. As a result,

area closer to the shore (non-plant area) exhibit a greater diversity of

MPs types. In contrast, the Suaeda area, being farther from the ocean,

is less affected by tidal-driven MPs influx, leading to a more limited

variety of MPs. Tides not only serve as the primary pathway for the

transport of MPs, but also play a key role in their diversification. The

MPs types found gradually decreased from the non-plant area to the

mature area of S. alterniflora growth (Figure 2). In the Suaeda growth

area, Polyurethane, Fluororubber, and Polyethylene terephthalate

were the dominant MPs types. In the non-plant area, Acrylate

copolymer, Polyurethane, and Polybutadiene were the dominant

MPs types. In the single-plant area, Polyurethane, Chlorinated

polyisoprene, and Polytetrafluoroethylene were the dominant MPs

types. Polyurethane, Polymethyl methacrylate, and Chlorinated

polyisoprene were the dominant MPs types in the sub-mature area.

Whereas, Polypropylene, Polyurethane, and Chlorinated

polyethylene were the dominant MPs types in the mature area.

Among them, Polyurethane was present in all sampling areas, and

Chlorinated polyisoprene was common to both the single plant and

sub-mature areas of S. alterniflora. Peng et al. (2024) detected various

types of MPs in Yancheng coastal wetlands, including polypropylene

and polyethylene terephthalate (Peng et al., 2024). Chen et al. found

that polypropylene, polyethylene, and polyethylene terephthalate are
Frontiers in Marine Science 05
the main types of MPs affecting coastal wetlands in the Pearl River

Delta, China (Chen and Lee, 2021). Additionally, Rasta et al. (2020)

discovered that polypropylene and polyester are the predominant

types of MPs in Anzali Wetland (Rasta et al., 2020).

Therefore, in addition to the natural deposition of MPs in

seawater (Xu et al., 2023b) and other factors, S. alterniflora invasion

influenced the deposition process of MPs in coastal wetlands. This

suggests that S. alterniflora invasion not only changes the

abundance of MPs in coastal wetlands, but also changes the

distribution of different types of MPs in coastal wetlands.
3.2 Impacts of MPs on the physicochemical
properties of coastal wetland sediments

The effects of MPs pollution on the physicochemical properties

of coastal wetland sediments are shown in Figure 3. The TOC

content in the non-plant area was lower than that in the invasive

single-plant and mature areas of S. alterniflora and the Suaeda area.

This may be because the non-plant area is more affected by

seawater, and the effects of tides and water-salt balance reduce

the sediment TOC content (Kong et al., 2015). The higher TOC

content in the single-plant area than in the non-plant area may

result from MPs contamination exacerbated by the invasion of S.
FIGURE 3

Effect of MPs contamination on the physicochemical properties of sediments from different areas. (A) TOC content; (B) TIC concentration; (C) EC
value; (D) TK content; (E) TP content; (F) TN content; (G) AK content; (H) AP content; (I) NH4

+‐N content. Different lowercase letters above bars
indicate significant differences (p < 0.05) among treatment groups.
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alterniflora. Unlike the single-plant area, the MPs content was

significantly lower in the sub-mature area. This may be due to the

greater soil disturbance by the root system of S. alterniflora in this

area, which promotes the TOC exchange between sediment and

tidal water, enhances sediment respiration, and thus reduces the

sediment TOC content in this area (Xu et al., 2023a). As mentioned

earlier, MPs content was lower and not significantly different
Frontiers in Marine Science 06
between the mature and Suaeda areas. Therefore, the reason for

the higher sediment TOC content in the mature and Suaeda areas

may be due to the higher level of plant development in this region

(Mao et al., 2009). The TIC concentration of sediments from

different study areas had a similar trend to the TOC content. The

TK and AK contents of sediments play an important role in

physiological processes such as water regulation, photosynthesis,
TABLE 2 Sediment enzyme activities in different MPs contaminated areas.

Sampling point

Enzyme activity

CAT
(mmol/h/g)

URE
(U/g)

SUC
(mg/d/g)

ALP
(nmol/h/g)

SA 192.8 ± 39.4a 483.0 ± 34.0a 4.5 ± 0.4b –

NP 149.1 ± 21.7a 440.2 ± 18.9ab 8.1 ± 1.2a 45.5 ± 10.3a

SP 207.9 ± 51.5a 409.1 ± 10.4b 6.7 ± 1.6ab 76.4 ± 16.8a

SM 113.5 ± 55.5a 428.5 ± 4.3b 8.7 ± 0.5a 63.6 ± 13.6a

MA 148.7 ± 31.3a 406.2 ± 22.0b 6.4 ± 0.7ab 11.1 ± 4.3b
(- indicates that the data was lost).
Different lowercase letters indicate significant differences (p < 0.05) among treatment groups.
FIGURE 4

(A) Circular plots; (B) Venn diagrams; (C) Relative abundance plots.
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and stress tolerance in plants (Yu et al., 2022). However, there was

no significant difference in the TK and AK contents in different

study areas. AP content was significantly lower in the non-plant

area, single-plant area, and sub-mature area. In agreement with the

above studies, this may be due to the fact that the AP content in the

non-plant, single-plant, and sub-mature areas was more affected by

tides and root disturbance, among others. Whereas, the slight

increase in AP content from the non-plant area to the sub-

mature area may be due to MPs increasing the organic matter

content of the sediments (Ding et al., 2023). The trend of TN in

different study areas is similar to that of TOC, which may be due to

the fact that TN content in sediments mainly depends on the

bioaccumulation and hydrolysis of organic matter (Wang and Lin,

2023). Therefore, MPs pollution has an important effect on TOC,

AP and TN content in coastal wetlands. Qin et al. (2015) also found

that TOC and TN exhibit similar trends. The effect on NH4
+-N

content, on the other hand, maybe mainly influenced by the

invasion of S. alterniflora. The invasion of S. alterniflora increased

the oxygen content in the sediments, which in turn increased the

conversion of NH4
+-N (Zhang et al., 2023). In addition, it was

found that MPs pollution resulted in differences in the EC between

the Suaeda area and the S. alterniflora area.

Sediment enzyme activities in the MPs-contaminated S.

alterniflora invasion and Suaeda areas are shown in Table 2. A

similar trend was observed between ALP and TOC in the MPs-

contaminated area of S. alterniflora invasion. This suggests that the

MPs in the sediments can be used as a substrate for the

decomposition of ALP. Rocabruna et al. (2024) found that TOC

has a positive effect on ALP activity. Additionally, Han et al. (2017)

discovered a significant negative correlation between TOC content

and SUC activity in their study of geographically isolated wetlands.

Similarly, the activity of SUC in the sediments showed a significant

correlation with the abundance of MPs, suggesting that MPs could

also be one of the decomposition substrates for SUC. This may be

because ALP and SUC can decompose organic matter in sediments

(Bai et al., 2017). Therefore, some types of MPs can serve as

decomposition substrates for ALP and SUC in sediments, which

in turn can be converted into sediment nutrients.
3.3 Impact of MPs on
microbial communities

The microbial abundance and community structure in different

MPs contaminated areas are shown in Figure 4. The number of OTUs

in different treatment groups were as follows: Suaeda area > S.

alterniflora mature area > Single-plant area > Sub-mature area >

None-plant area, with 3191 OTUs, 3116 OTUs, 2751 OTUs, 2443

OTUs, and 2362 OTUs, respectively (Figure 4A). The observed trend is

similar to the variation in TOC content across different MPs

contamination zones, which may be attributed to TOC being an

important carbon source for microorganisms (Cao et al., 2023). This

further suggests that MPs pollution has influenced the richness of

microbial communities to some extent. The main bacterial phyla in the

S. alterniflora invasion area and Suaeda area included Proteobacteria,
Frontiers in Marine Science 07
Bacteroidota, Firmicutes, Actinobacteriota, Desulfobacterota,

Chloroflexi, Campilobacterota, Gemmatimonadota, Bdellovibrionata,

and Acidobacteriota. It was found that Proteobacteria and

Bacteroidota were the most abundant microorganisms in the Suaeda

area (22.37-38.94%; 13.53-21.64%), none-plant area (30.11-47.61%;

27.16-37.14%), single-plant area (33.67-46.01%; 23.18-32.48%), sub-

mature area (36.94-38.40%; 29.39-37.16%), and mature area (39.28-

48.93%; 28.35-32.77%) shared the major microbial types. In addition,

Actinobacteriota was also the major microbial type in the Suaeda area

(9.09-23.16%). Firmicutes were the main microbial type in none-plant

areas (13.36-19.91%), single-plant areas (2.18-20.48%), sub-mature

areas (14.52-23.10%), and mature areas (5.23-12.76%). Proteobacteria

and Bacteroidota were the main dominant phyla. The abundance of

these microorganisms was found to be related to organic matter and

nutrients in the sediments (Larsbrink andMckee, 2020; Huang and Lu,

2022). Hou et al. (2024) identified Proteobacteria, Actinobacteriota and

Chloroflexi as the dominant phyla. Among these, Proteobacteria are

known for their ability to effectively degrade complex organic matter

(Lin S et al., 2022; Chen et al., 2015). The higher abundance of

Actinobacteriota and Firmicutes may be because they are both salt-

tolerant bacteria (Samaei et al., 2013).
4 Conclusion

The results showed that the total MPs abundance of the S.

alterniflora single-plant area was the highest (16.338 ×103 items/kg

d.w.), while the S. alterniflora mature area had the lowest MPs

abundance (3.145 ×103 items/kg d.w.). The typical MPs types in the

study area were Polyurethane and Chlorinated polyisoprene. MPs

pollution increased TOC, AP and TN content. Moreover, MPs

pollution increased the enzymatic activities of ALP and SUC in

sediments. In addition, Proteobacteria and Bacteroidota were the

major dominant phyla. These microorganisms were influenced by

the physicochemical properties of the sediment. This study provides

significant insights into the ecological impact of MPs pollution in

coastal wetlands, particularly in areas invaded by S. alterniflora.
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