Environment, Development and Sustainability (2024) 26:20439-20455
https://doi.org/10.1007/510668-023-03481-w

®

Check for
updates

Bibliometric analysis and current research in the field
of microplastics (MPs) in mangrove

Bin Chen'?

Received: 11 January 2023 / Accepted: 6 June 2023 / Published online: 17 June 2023
© The Author(s), under exclusive licence to Springer Nature B.V. 2023

Abstract

The marine MPs’ hazard to ecological safety and environmental health has been con-
firmed. However, mangrove forests are a special land-sea interface, and their MP pollution
characteristics and ecological risks have been studied more broadly. It is necessary to sort
out the current status of mangrove MP research among the existing homogeneous and lim-
ited literatures, to summarize the representative views and point out the direction for future
research trends. In this paper, the bibliometrics method was adopted for text mining and
knowledge mapping analysis. The development process, knowledge structure, hotspots, and
potential trends were discussed to provide researchers with a macro perspective. A total of
71 articles were selected from 93 articles focused on MPs in mangroves, downloaded from
Science Citation Index and China Knowledge Network. The number of studies on MPs in
mangroves has increased over time in which China had the most research literature (41%),
followed by Brazil (7%), Indonesia (6%), and Colombia (6%). From 2019 onwards, the
intensity and density of research in Chinese literature increased rapidly. The MPs’ abun-
dance in mangrove sediments was majorly attributed to their degree of self-aggregation
and deposition rate. The mechanism underlying the correlation between mangrove sedi-
ment structure and volatilized characteristics of MPs remains to be further studied. Further
studies should focus on the carbon sink process, ecological risk, environmental behavior,
barrier mechanism, and combined pollution.

Keywords Mangrove - Current status - Microplastics - Bibliometric analysis - Future trends

1 Introduction

Plastic is widely used in agriculture, industry, and daily life, and can be transported over
long distances by wind, rivers, currents, and other external factors. It can break down phys-
ically or chemically into smaller particles (<5 mm diameter) forming microplastics (MPs)
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(Cole et al., 2011; Cozar et al., 2014). The MPs have become an emerging pollutant due to
their chemical stability and long-term persistence in the environment (Arthur et al., 2009;
Aytan et al., 2016; Hidalgo-Ruz et al., 2012; Thompson et al., 2004). The MPs are non-
degradable, chemically toxic, and biohazardous thus widely detected in various environ-
mental media worldwide and are accumulating year by year (Galloway & Lewis, 2016; Ng
& Obbard, 2006; Peeken et al., 2018).

Mangroves are salt-tolerant plant communities that grow in tropical and subtropical
intertidal zones. Globally, mangroves are distributed in 124 different countries, of which
nearly 38% of the area is concentrated in Asia (Sarker et al., 2019). However, only mainly
10 countries (8% of the total number of mangrove countries) have investigated MPs pol-
lution in mangroves (Yona & Sari, 2019). The abundance of MPs in mangrove sediments
from Dongzhai Harbor, Hainan province, was identified to range from 1.39 to 13.65 mg/kg
in mass concentration and 30.71-839.51 n/kg in quantitative abundance (Zaki et al., 2021).
The abundance of MPs in fish of mangrove habitats in Beibu Gulf, Guangxi province, was
the highest, up to 5.32-6.21 items/individual. The dominant polymers were opaque white
fibrous-shaped polyethylene and polyethylene terephthalate of 100-500 pm size (Zaki
et al., 2021). The abundance in mangrove sediments from Zhanjiang, Guangdong province,
ranged from 108.00 to 486.00 n/kg with an average of 333 n/kg and particle size range of
200-500 pm. Fisheries production and river transport are the main sources of MPs in man-
groves from Zhanjiang (Hamid et al., 2020). The research trend on MPs pollution in man-
groves is in the infant stage. However, systematic studies on MP pollution in mangroves are
still relatively limited.

High levels of MPs were inspected in sediment and surface water, in which the uptake
of MPs by habitat organisms in mangroves is currently being studied more broadly (Hamid
et al., 2020; Zaki et al., 2021). On the other hand, mangroves have also been considered an
effective medium for MP retention (Law & Thompson, 2014; Mohamed Nor & Obbard,
2014). The high density of respiratory and strut roots in mangrove species is considered a
major factor in the retention of MPs in mangroves wetland. The strut and stilt roots of the
mangrove species Rhizobium descend from the trunk and branches to form a complex bar-
rier that has proven to be very effective in mitigating strong waves due to extreme events
while representing their efficient interception of plastic litter (Dahdouh-Guebas & Koedam,
2006).

The systemic research on mangrove MPs is relatively limited and scattered. Thus, the
objective of this study was to describe the percentage of publications and collaborations
between existing countries using the bibliometrics approach. The frequency of keyword
occurrences in the searched literature was used to analyze temporal characteristics of the
number of publications, hot spots, and research trends. The correlation between MPs and
the physicochemical properties of mangrove sediments was emphasized. Characterization
of MPs contamination by inhabiting organisms and deterrence mechanisms in mangroves
were highlighted to provide a summary of the existing literature and a reference for future
research directions.

2 Materials and methods
Academic papers are the main manifestation of scientific research results, such as

their publication date and the quantity, while research hotspots are one of the impor-
tant indicators of the capacity of scientific output and the activity of scientific research.
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Bibliometric analysis is a method to visualize the duration cycle, citation, and collabo-
ration relationships based on literature databases. Based on the results of the aforemen-
tioned literature analysis, representative academic papers, important academic ideas,
and research hotspots can be summarized in a more targeted manner.

2.1 Data collection and sources

The data were obtained from the full-text journal database of the China Knowledge Net-
work (CNKI) and the English-language database of the Science Citation Index (WOS).
A subject search was conducted using the keywords “microplastic + mangrove” for the
period 2006-01-01 to 2021-12-31. Each article contained the title, author, abstract, and
keywords that were selected, exported, and then organized into tables. The terms (such
as MPs, plastic debris, plastics pellets, mangrove, wetland, sediment, and water) were
also used to broaden the search scope.

The scientific studies were downloaded from the Web of Science Core Collection
(WoSCC) and CNKI. Search session Queries: TS =(microplastic) AND TS = (man-
grove) OR TS = (microplastics) OR TS = (plastics debris) OR TS =(plastics pellets) OR
TS =(mangrove) OR TS =(wetland) OR TS =(sediment) OR TS =(water); Publication
date: “2006-01-01” to “2021-12-31”; Document types: “review and experimental arti-
cles.” The search results were exported with a “Plain Text file,” and the record content
was chosen “Full Record and Cited References” and stored in download_*.txt format.
The WoSCC is the most commonly used database for scientometric analysis and con-
tains most of the information on relevant articles. However, the variable quality of data
collected in the study may affect the credibility of the knowledge graph as the studies
not available in WoSCC were omitted and it may lead to bias (Garcés-Ordoiiez et al.,
2020). However, the visual-based literature analysis laid the foundation for researchers
to understand the hotspots and potential trends of MPs in mangroves.

2.2 Bibliometric analysis methods

The VOSviewer software was used for bibliometric analysis in this study to identify
productive and co-cited journals. Target studies were retrieved from WoSCC and CNKI,
and analyzed with VOSviewer based on the full counting method, which means each
co-citation link or co-occurrence could have the same weight. In productive journal
analysis, the minimum number of documents per journal was set at index 5, and in co-
cited journals analysis, the minimum number of citations per source was set at index 20.
Annual outputs were managed using Microsoft Office Excel to show research trends in
this area. The journal impact factor (IF) and Journal Citation Reports (JCR) were also
obtained from the WOS.

While HistCite was used for mapping scientific knowledge through the construction
and visualization of relationships in 'network data’ to demonstrate the structure, evolu-
tion, collaboration, and other relationships in the knowledge domain. It can not only
count the number of publications and frequency of citations of literature, but also map
the development history and relationships between the literature in a certain field, and
quickly pinpoint the scientific papers with significant influence.
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3 Results and discussion

The search and collation of key insights were completed in February 2022, and 71 articles
were screened for analysis, out of a total of 93 articles published in Chinese and English
literature. The top 18 representative academic papers were selected based on bibliomet-
ric research and summarized by sieving and systematically analyzing the specific research
content of relevant academic papers. The systematic analysis was based on factors such as
citation rate, author popularity, and journal influence. The hotspots and important ideas of
mangrove MP research were finally reorganized and summarized.

3.1 Distribution of literature in different countries and collaborative relationships

China has the most research literature in the field of mangrove MPs with 41% as of 31
articles by December 2021 (Fig. 1). In the second tier are Brazil with 7%, Indonesia with
6%, and Colombia with 6%. The third tier is Malaysia, Vietnam, and India with mangrove
distribution. The smallest proportion of publications is from European countries (such as
Spain, Netherlands, and France) as these countries are located at latitudes where man-
groves are not distributed. Italy, Japan, Germany, Denmark, and Vietnam all have scientific
cooperation with China. Japan and Italy have the most cooperation with China, followed
by Germany and Denmark. In terms of the diversity of collaborations, Saudi Arabia has
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the most collaborations with Australia, the USA, Denmark, India, and Morocco, respec-
tively, while Vietnam has collaborations with Canada, Indonesia with the Netherlands,
and Malaysia with India. China is in the top echelon of mangrove MPs-related research,
in terms of both the number of literature and collaborative networks. Overall, the research
on mangrove MP worldwide has indicated a multifaceted collaboration between countries,
and mangrove MP research is no longer limited to the countries where mangroves are
distributed.

3.2 Temporal variation in the number of papers and research processes

Foreign literature was the first to start research on MPs in mangroves, and before 2014, the
number of Chinese literatures was almost zero (Fig. 2). There were relatively few studies
on mangrove MPs in both Chinese and English literature till 2018. After 2019, studies on
mangrove MPs grew rapidly. In 2020, Chinese literature reached 15 articles, surpassing
English literature, whereas in 2021, there are 17 studies published in Chinese and 15 in
English.

The temporal change of the research process showed that English literature had a clear
research direction since 2010, while Chinese literature only started in 2017 (Fig. 2). From
2010 to 2014, the English literature focused on the broader environmental issues, such as
marine debris and beach litter, and did not focus on the field of MPs in mangroves, while
the research in China during this period was still blank. In 2017, research in the Chinese
literature began to focus on offshore areas and compound pollution. From 2015 to 2018,
research in the English literature focused on fish larvae, feeding, biodegradation, habi-
tat, the Mediterranean Sea, and polystyrene, with the longest duration of research on the
absorption effect. From 2018 to 2019, studies in the Chinese literature focused on sedi-
ment, Shenzhen and Hong Kong mangroves, sorption, partition coefficients, and antibiot-
ics. Starting in 2019, studies in the Chinese literature shifted to focus on environmental
media such as mangrove sediment, surface water bodies, and correlated with coastal MPs
fugacity characteristics. Meanwhile, the English literature focuses on mangrove ecosys-
tems, plastic debris in 2019 and shifts to focus on the coastal zone, beach, bay debris and
their correlation in 2020.

In terms of journal distribution, the largest number of publications was “Science of
the Total Environment,” followed by the “Marine Pollution Bulletin,” “Environmental
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Fig.2 Temporal variation in the number of papers and research processes

@ Springer



20444 B.Chen

Pollution,” and “Environmental Research” with the number of 17, 12, 11, and 3, respec-
tively. Science of Total Environment receives a wide range of disciplines and publishes a
large number of papers each year. This may be the reason for its number-one ranking. In
terms of publishing house distribution characteristics, Elsevier is far ahead with 50 articles,
which is twice the number of articles published by all other publishing houses (Fig. 3),
while MDPI is in second place, and open-source journals are probably the main reason for
more articles. Tied for third place are Springer Nature, Wiley, and Frontiers Media SA. In
summary, various publishers and their affiliated journals are paying more and more atten-
tion to the emerging research field of mangrove MPs. Overall, studies in English literature
are earlier than those in Chinese literature, with a time difference of about 7 years and a
longer duration in the English literature. The Chinese literature only started to report on
mangrove MPs in 2017, and the research directions are more concentrated and homogene-
ous. However, from 2019 onwards, the intensity and density of research in the Chinese lit-
erature increased rapidly. Currently, mangrove MPs-related studies in Chinese and foreign
languages are entering a period of rapid development.
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Fig. 3 Distribution characteristics of journals (a) and publishers (b) through co-citation analyses (WOS)
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3.3 Frequency of keywords in the literature and the trends

The darker warm colors represent higher keyword frequencies while darker cool colors
represent lower keyword frequencies from 2009 to 2021 (Fig. 4). The overall word fre-
quency search ratings for targeted studies directly using mangroves and MPs as keywords
were low, and specific research directions were scattered until 2019. For instance, some
scholars studied the characteristics of heavy metal pollution in mangroves; others studied
broader issues, such as marine litter, the marine environment, and plastic pollution.

Although a very small number of keywords mention MPs or small plastic debris, the
frequency of the keywords is low and is only more evident in 2014 and 2017. The fre-
quency of MPs keywords rapidly becomes greater, and more targeted keywords (such as
mangrove ecosystems, MPs pollution, sediment, and plastic pollution) begin to increase
in popularity in 2019. With MPs as a keyword in 2021, the frequency has reached more
than 25 times, and the frequency of mangroves is also above 10 times. Overall, the research
related to mangrove MPs is becoming more and more targeted. Research trends focused on
MPs pollution in mangrove ecosystems, sediment environments, organisms, estuarine man-
groves, offshore transport, and deterrent processes.

3.4 Bibliometric characteristics of representative literature

In terms of temporal characteristics, in 2010, the paper “Evaluation of solid residues
removed from a mangrove swamp in the Sao Vicente Estuary, SP, Brazil” published in
MARINE POLLUTION BULLETIN by Cordeiro CAMM was the first representative
academic paper (Table 1). This article focused on waste in mangrove swamps. How-
ever, it was still a solid waste concept at that time. The largest output of high-impact
literature was in 2019. In terms of journal characteristics, academic papers on man-
grove MPs were mainly published in JCR Q1, such as ENVIRONMENTAL POLLU-
TION, SCIENCE OF THE TOTAL ENVIRONMENT, ENVIRONMENTAL SCIENCE
& TECHNOLOGY, and other such TOP level journals of environmental SCI, with a
maximum impact factor (over 11). In addition, several articles have been published in

Keywords
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Fig.4 Keyword frequency and the research trend
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LIMNOLOGY AND OCEANOGRAPHY LETTERS, ESTUARINE COASTAL AND
SHELF SCIENCE. The representative literature with a high number of submissions and
acceptances is MARINE POLLUTION BULLETIN.

In terms of authorship characteristics, there are still mainly foreign-named authors,
with only three Chinese authors. The local citation score (LCS) indicates the frequency
of citations in the local database and the number of peer-referenced articles. The higher
the LCS value of a paper, the more attention it has received from researchers in the
field, and the more important literature in the field can be quickly located. In terms of
local citations (LCS), Nor NHM’s “MPs in Singapore’s coastal mangrove ecosystems”
published in 2014 has the highest number of citations at index 33. This is followed by
Martin C.

Global citation score (GCS) indicates the number of times the article has been cited
by all literature in the global database, and a high GCS value indicates that the litera-
ture is of high interest to researchers. In terms of global citation counts (GCS), Nor
NHM'’s ‘MPs in Singapore’s coastal mangrove ecosystems’ published in 2014 had the
highest number of citations at 372. The lowest was Correa-Herrera’s article “Spatial
distribution and seasonality of ichthyoplankton and anthropogenic debris in a river delta
in the Caribbean Sea,” with only 19 citations. In general, there is a significant positive
correlation between the number of local citations and the number of global citations.
However, Smith SDA’s “Marine debris: A proximate threat to marine sustainability
in Bootless Bay, Papua New Guinea,” published in 2012, has 8 local citations, but 65
global citations. The impact of the article, which was published in 2018 by Auta HS in
the MARINE POLLUTION BULLETIN, is ranked 10th, with only 4 local citations, but
113 global citations. Overall, influential academic papers have been published mainly in
recent years.

3.5 Correlation between the physicochemical properties of mangrove sediments
and MPs

3.5.1 Correlation between MPs abundance and mangrove sediment pH

The pH is the negative of the common logarithm of hydrogen ion concentration (activity)
as a conventional chemical parameter, i.e., —log [H*]. The acidity and alkalinity of man-
grove sediments affect the solubility of various compounds, the ratio of exchangeable ions,
and the microbial activity in the sediment. Studies have shown that lower pH is associated
with sediment organic matter content (Jayachandran et al., 2018). The pH of mangrove
sediments is influenced by the type of organic and inorganic matter in the environment, as
well as the sediment ion content and exchange ratio (Sudjana et al., 2017). The pH values
of mangrove sediment samples have been reported as 8.89, 7.8, 6.29-8.45, 7.64, and <7 in
different studies in the literature (Gao et al., 2019; Mafi-Gholami et al., 2015; Saravanaku-
mar et al., 2008). In mangrove sediments in the northern Persian Gulf with a pH of 6.86,
the abundance of MPs was higher than where the average pH was about 10, and the results
showed that pH was negatively correlated with the abundance of MPs particles (Magh-
sodian et al., 2021). However, no significant correlation was found between pH and MPs
particle abundance when the mean pH of the sampling sites was 7.54 at high tide and 7.49
at low tide (Naji et al., 2017). Then, more extensive studies are still needed to analyze the
relationship between mangrove sediment pH and its MPs content.
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3.5.2 Correlation between MPs abundance and mangrove sediment texture

Sediment texture is an important influence on the distribution of MPs in sediments. Due
to its porosity and permeability, the coarse structural organization of the sediment may
contain more MPs particles (Maghsodian et al., 2022). Size-wise, fine-grained sediments
can hold large amounts of MPs. Texturally, clay sediments can hold more MPs (Zhou et al.,
2020). However, the available reports on the systematic study of the correlation between
MPs abundance and mangrove sediment texture are relatively limited.

The MPs particles integrate with other organic debris into the aggregated material before
accumulating in the sediment (Rillig, 2018). In several studies on MPs pollution, there is a
significant relationship between sediment particle characteristics and MPs. Numerous stud-
ies have indicated very high MPs concentrations on various beaches and tidal sediments
offshore, and near-shore (Xu et al., 2018). The presence of MPs in sediments is likely to
be related to the fragmentation of plastic debris in mangroves (Mohamed Nor & Obbard,
2014). It has been reported that large MPs particles are more common in areas of coarser
sandy sediments (Cordova et al., 2021). In most of the literature, a significant correlation
between the abundance of MPs particles and sediment texture was also observed (Goven-
der et al., 2020). However, some other studies reported the opposite, with MPs abundance
being independent of sediment texture and particle size (Maghsodian et al., 2021). Almost
all reports attribute the abundance and distribution of MPs in mangrove sediments to their
source, degree of self-aggregation, or deposition rate (Cheung et al., 2018; Waller et al.,
2017).

3.6 Risk of MPs in mangrove habitats

The organisms consume at least one quantity of MPs during the different growth and devel-
opmental stages of their lives (Mallik et al., 2021). Some of these particles are removed
from the organism through excretion so that in the long term, MPs do not harm living
organisms. However, MPs can be transferred to different organs within an organism and
some can remain in the body for long periods, adversely affecting its growth and develop-
ment (Auta et al., 2017). The MPs in the environment can be transported into organisms
through direct ingestion or indirectly through contaminated trophic levels (Markic et al.,
2018). Carnivorous organisms can introduce MPs particles into their bodies indirectly by
preying on other species. In contrast, omnivorous organisms have more MPs in different
parts of their bodies because they feed widely (Garcés-Ordéiiez et al., 2020). The presence
of plastics of different sizes in aquatic ecosystems can have irreversible effects on aquatic
organisms and ultimately on human health (Maghsodian et al., 2021). Many studies have
reported the presence of plastic components in the tissues of different organs of fish, and
their contamination characteristics suggest a wide range of sources of MPs, which in turn
are transferred through interwoven and complex food webs.

MPs may be part of the ephemeral habitat of mangrove organisms (Riascos et al., 2019),
and high plastic litter cover may clog burrowing holes and reduce the available foraging
area for surface sediment feeders, increasing foraging time for intertidal benthic organisms.
It has been shown that the size of MPs in mangrove wetland habitats is largely dependent
on trophic feeding habits and biological behavior (Deng et al., 2020). Mangrove-inhabiting
organisms play an important role in maintaining overall ecosystem health, and until MPs
received attention, a few studies focused on the effects of anthropogenic stressors on them
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(Not et al., 2020). Crabs, for example, have been shown to consume less food and thus
reduce their energy balance due to MPs ingestion (Watts et al., 2015). Furthermore, the
potential transfer of MPs from the stomach to the hepatopancreas in mangrove crabs in the
tropics has been suggested in experimental studies (Brennecke et al., 2015). At least one
type of MPs was identified in all organs of the body (stomach and gills) of crabs, indicating
the level of pollution in their habitat, i.e., mangrove areas (Not et al., 2020). The presence
of mangrove MPs as a potential threat to habitat crabs, both through their digestive and
respiratory systems, was also confirmed in another study, where MPs were detected in all
collected specimens. Current research also confirmed the vast differences in MPs abun-
dance and type between sites and biological species, where the differences between species
appear to be due to their specific feeding habits, with species that are less selective in their
feeding ingesting more particles.

In other reports, five species of mollusks were collected from mangrove wetlands, and
the results showed that various microfibers, films, and particles were detected in the body.
Studies have also found that MPs may be transferred to higher trophic levels through the
food chain. A total of 15 MPs were identified and isolated from different parts of the body
(tissues and abdominal cavity) of 14 species of elasmobranchs (Maghsodian et al., 2021).
Another investigation concluded that the abundance of MPs was positively correlated
with the length and weight of the fish. Benthic organisms have more MPs than planktonic
organisms. Studies have shown that more organisms in mangrove sediments with high MPs
contamination are contaminated with MPs (Maghsodian et al., 2021). Overall, the high-fre-
quency detection or high concentration of MPs in mangrove organisms is because of their
widespread endowment in the marine environment. Tracing its origin may be from the mis-
management of plastic waste from sewage discharge, coastal tourism, and especially fish
farming (Garcés-Ordoiiez et al., 2020).

3.7 The retarding mechanism of mangroves to MPs and the source-sink issues have
become future research hotspots

There is an imminent risk of marine ecosystems arising from severe MP pollution caused
by anthropogenic activities in coastal areas. Mangroves accumulate carbonaceous organic
matter and are known as ‘sedimentation enhancers’ (Valiela & Cole, 2002). Due to their
high fertility, the fragmentation and deposition mechanisms of MPs in mangrove wetlands
differ significantly from other marine environments (Jacotot et al., 2018). The unique struc-
ture of the land-sea interface in mangrove wetlands is responsible for increased MPs pol-
lution (Govender et al., 2020). As shown in Fig. 5, mangroves are generally located where
they are protected from waves and minimal currents mean that more MPs can accumulate
in the sediment (Kamali & Hashim, 2011). Sediments in mangroves come from different
sources, either sediment from external sources or re-suspended indigenous sources. In
other words, sediment formation in mangroves is enriched in different ways, for example,
from terrestrial or marine sources, or by re-suspension.

The MPs distribution in mangroves is influenced by different forest species and tides
(Zhang et al., 2021). Unlike marine sediments, mangrove sediments are rich in plant
organic matter and clay particles, which makes it difficult to separate MPs particles (Duan
et al., 2021). Some studies have shown that over 93% of MPs debris is found in beaches
and sediments off mangroves (Fok et al., 2017). The MPs particles in the sediment increase
the permeability of the sediment and reduce the diffusion of sediment temperature. The
MPs can accumulate in sediments over time. Approximately 3.3% of the sediment weight
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Retardation process by river and tide seaward fringe landward fringe

Vertical

Fig.5 Model of the retarding mechanism of mangrove to MPs (Martin et al., 2020; van Bijsterveldt et al.,
2021)

is MPs. Studies have found that a high abundance of MPs in mangrove and salt marsh
habitats are potentially important pools of MPs (Weinstein et al., 2016). Other studies also
have shown that mangrove vegetation can sustain MPs. The MPs are not only confined to
the mangrove soil surface and can potentially sink to greater depths (Govender et al., 2020;
Weinstein et al., 2016).

While mangroves are highly vulnerable to debris due to their coastal habitat. The hydro-
dynamics of mangrove wetlands are the main determinant of MPs content (Boelens et al.,
2018). As reported by Ibrayev, the water flow velocity at the entrance is much lower than
at the estuary and this phenomenon (i.e., low flow velocity) may accelerate the vertical
deposition of low-density plastics or MPs from the water to the sediment (Ibrayev, 2001).
Regarding the study of mangrove forests’ deterrent mechanism for MPs (Fig. 5), it has
been reported that most mangrove plants have respiratory and strut roots, and their coiled
basal surfaces are effective in retaining incoming sand from land and maintaining water
and soil. At the same time, the well-developed root systems of mangroves also retain plas-
tic waste from land and sea, which may break up into MPs, making mangroves potentially
more polluted than other environments. Mangroves are considered a reservoir for a variety
of pollutants (Zuo et al., 2020). The dense vegetation of wetlands can effectively retain
MPs floating on the water surface (Boelens et al., 2018). Moreover, the spatially complex
nature of mangrove ecosystems provides many opportunities for debris entanglement,
which enhances their role as a sink for plastic pollution. The MPs trapped in coastal forests
are readily broken down into MPs, and recent studies have reported a significant accumula-
tion of MPs in mangrove root systems (Garcés-Ordoéiiez et al., 2020). Apart from the above
studies, estimates of macro- and MPs abundance within mangroves are still scarce.

In summary, almost all previous reports attributed the source-sink of MPs in mangrove
sediments to their source, the extent of self-aggregation, and deposition rates (Cheung
et al., 2018; Waller et al., 2017). The MPs content of mangrove sediments is attributed to a
variety of factors including human activities, water flow rates, and in particular, the unique
root characteristics of mangrove plants and the high organic matter characteristics of man-
grove sediments (Seeruttun et al., 2023).
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4 Conclusions and recommendations

The hydrodynamics of mangrove wetlands are a major determinant of MPs content, with
water flow rates at the inlet being much lower than in the estuary. The distribution of
MPs in mangroves is influenced by different forest species and tides. Mangrove vegeta-
tion detains macroscopic plastic litter, fragments, and accumulates in the sediment over
time. Most mangrove plants have respiratory and strut roots, and their well-developed
root systems can also trap plastic waste from land and sea, which may fragment into
MPs, making mangroves potentially more contaminated than other environments.

The bibliometric analysis showed a significant research trend in this field. China is
the main country concerned about MPs pollution in the mangrove. However, coopera-
tion and communication between countries and institutions need to be strengthened.
Additionally, the bibliometrics bias should also need to be considered to improve fur-
ther analysis in the research field. There is a need to pay attention to implicating the
research results into practical work. The significant correlation between mangrove sedi-
ment pH and MPs particle abundance is also unclear in terms of research hotspots and
key insights. Further focus on carbon sink processes and ecological risks, environmen-
tal behavior, deterrent mechanisms, and compound pollution is recommended for the
future.

Acknowledgements The authors are grateful to the reviewers for their help and thought-provoking
comments. This research was supported by the Natural Science Foundation of Xiamen City of China
(3502720227322), Natural Science Foundation of Zhangzhou City of China (ZZ2021J34) and Education
Research Project for Youth and Middle-aged Teacher of Fujian Province (JAT210632). The author thanks
Xinyi Huang for her help in drawing.

Funding Natural Science Foundation of Xiamen City of China, 3502720227322, Bin Chen, Natural Sci-
ence Foundation of Zhangzhou City of China, ZZ2021J34, Bin Chen, and Education Research Project for
Youth and Middle-aged Teacher of Fujian Province, JAT210632, Bin Chen.

Data availability Not applicable.

Declarations
Conflict of interest The authors declare no competing interests.

Consent to participate All participants have given written informed consent for participation before the study
began.

Consent for publication Not applicable.

Ethics approval The study was approved by the Tan Kah Kee College, Xiamen University.

References

Arthur, C., Baker, J. E., & Bamford, H. A. (2009). Proceedings of the International Research Workshop
on the Occurrence, Effects, and Fate of Microplastic Marine Debris, September 9-11, 2008, Uni-
versity of Washington Tacoma, Tacoma, WA, USA [Technical Memorandum]. https://repository.
library.noaa.gov/view/noaa/2509 (NOAA technical memorandum NOS-OR&R 30)

@ Springer


https://repository.library.noaa.gov/view/noaa/2509
https://repository.library.noaa.gov/view/noaa/2509

Bibliometric analysis and current research in the field of... 20453

Auta, H. S., Emenike, C. U., & Fauziah, S. H. (2017). Screening of Bacillus strains isolated from man-
grove ecosystems in Peninsular Malaysia for microplastic degradation. Environmental Pollution,
231, 1552-1559. https://doi.org/10.1016/j.envpol.2017.09.043

Aytan, U., Valente, A., Senturk, Y., Usta, R., Esensoy Sahin, F. B., Mazlum, R. E., & Agirbas, E. (2016).
First evaluation of neustonic microplastics in Black Sea waters. Marine Environmental Research,
119, 22-30. https://doi.org/10.1016/j.marenvres.2016.05.009

Boelens, T., Schuttelaars, H., Schramkowski, G., & De Mulder, T. (2018). The effect of geometry and
tidal forcing on hydrodynamics and net sediment transport in semi-enclosed tidal basins. Ocean
Dynamics, 68(10), 1285-1309. https://doi.org/10.1007/s10236-018-1198-9

Brennecke, D., Ferreira, E. C., Costa, T. M. M., Appel, D., da Gama, B. A. P, & Lenz, M. (2015).
Ingested microplastics (>100um) are translocated to organs of the tropical fiddler crab Uca rapax.
Marine Pollution Bulletin, 96(1), 491-495. https://doi.org/10.1016/j.marpolbul.2015.05.001

Cheung, P. K., Fok, L., Hung, P. L., & Cheung, L. T. O. (2018). Spatio-teMPsoral coMPsarison of neu-
stonic microplastic density in Hong Kong waters under the influence of the Pearl River Estuary.
Science of the Total Environment. https://doi.org/10.1016/j.scitotenv.2018.01.338

Cole, M., Lindeque, P., Halsband, C., & Galloway, T. S. (2011). Microplastics as contaminants in the
marine environment: A review. Marine Pollution Bulletin, 62(12), 2588-2597. https://doi.org/10.
1016/j.marpolbul.2011.09.025

Cordova, M. R., Ulumuddin, Y. I., Purbonegoro, T., & Shiomoto, A. (2021). Characterization of micro-
plastics in mangrove sediment of Muara Angke Wildlife Reserve, Indonesia. Marine Pollution Bul-
letin, 163, 112012. https://doi.org/10.1016/j.marpolbul.2021.112012

Cézar, A., Echevarria, F., Gonzalez-Gordillo, J. I., Irigoien, X., Ubeda, B., Herndndez-Leon, S., Palma,
A. T., Navarro, S., Garcia-de-Lomas, J., Ruiz, A., & Fernandez-de-Puelles, M. L. (2014). Plas-
tic debris in the open ocean. Proceedings of the National Academy of Sciences, 111(28), 10239—
10244. https://doi.org/10.1073/pnas.1314705111

Dahdouh-Guebas, F., & Koedam, N. (2006). Coastal vegetation and the Asian tsunami. Science,
311(5757), 37-38. https://doi.org/10.1126/science.311.5757.37

Deng, J., Guo, P., Zhang, X., Su, H., Zhang, Y., Wu, Y., & Li, Y. (2020). Microplastics and accumulated
heavy metals in restored mangrove wetland surface sediments at Jinjiang Estuary (Fujian, China).
Marine Pollution Bulletin, 159, 111482. https://doi.org/10.1016/j.marpolbul.2020.111482

Duan, J., Han, J., Cheung, S. G., Chong, R. K. Y., Lo, C. M,, Lee, F. W. F., Xu, S. J. L., Yang, Y., Tam,
N. F. Y, & Zhou, H. C. (2021). How mangrove plants affect microplastic distribution in sediments
of coastal wetlands: Case study in Shenzhen Bay, South China. Science of the Total Environment,
767, 144695. https://doi.org/10.1016/j.scitotenv.2020.144695

Fok, L., Cheung, P. K., Tang, G., & Li, W. C. (2017). Size distribution of stranded small plastic debris
on the coast of Guangdong, South China. Environmental Pollution, 220, 407-412. https://doi.org/
10.1016/j.envpol.2016.09.079

Galloway, T. S., & Lewis, C. N. (2016). Marine microplastics spell big problems for future generations.
Proceeding of the Natural Academy of Science USA, 113(9), 2331-2333. https://doi.org/10.1073/
pnas.1600715113

Gao, Y., Zhou, J., Wang, L., Guo, J., Feng, J., Wu, H., & Lin, G. (2019). Distribution patterns and con-
trolling factors for the soil organic carbon in four mangrove forests of China. Global Ecology and
Conservation, 17, €00575. https://doi.org/10.1016/j.gecco.2019.e00575

Garcés-Ordoiez, O., Mejia-Esquivia, K. A., Sierra-Labastidas, T., Patifio, A., Blandén, L. M., & Espi-
nosa Diaz, L. F. (2020). Prevalence of microplastic contamination in the digestive tract of fishes
from mangrove ecosystem in Cispata Colombian Caribbean. Marine Pollution Bulletin, 154,
111085. https://doi.org/10.1016/j.marpolbul.2020.111085

Govender, J., Naidoo, T., Rajkaran, A., Cebekhulu, S., & Bhugeloo, A. (2020). Towards characterising
microplastic abundance typology and retention in mangrove-dominated estuaries. Water, 12(10),
2802.

Hamid, F. S., Jia, W., & Zakaria, R. B. M. (2020). Microplastics abundance and uptake by meretrix lyrata
(hard clam) in mangrove forest. Journal of Engineering and Technological Sciences, 52, 436—448.
Hidalgo-Ruz, V., Gutow, L., Thompson, R. C., & Thiel, M. (2012). Microplastics in the marine environ-

ment: A review of the methods used for identification and quantification. Environmental Science
and Technology, 46(6), 3060-3075. https://doi.org/10.1021/es2031505

Ibrayev, R. (2001). Model of enclosed and semi-enclosed sea hydrodynamics. Russian Journal of
Numerical Analysis and Mathematical Modelling. https://doi.org/10.1515/rnam-2001-0404

Jacotot, A., Marchand, C., Rosenheim, B. E., Domack, E. W., & Allenbach, M. (2018). Mangrove sedi-
ment carbon stocks along an elevation gradient: Influence of the late Holocene marine regression
(New Caledonia). Marine Geology, 404, 60-70. https://doi.org/10.1016/j.margeo.2018.07.005

@ Springer


https://doi.org/10.1016/j.envpol.2017.09.043
https://doi.org/10.1016/j.marenvres.2016.05.009
https://doi.org/10.1007/s10236-018-1198-9
https://doi.org/10.1016/j.marpolbul.2015.05.001
https://doi.org/10.1016/j.scitotenv.2018.01.338
https://doi.org/10.1016/j.marpolbul.2011.09.025
https://doi.org/10.1016/j.marpolbul.2011.09.025
https://doi.org/10.1016/j.marpolbul.2021.112012
https://doi.org/10.1073/pnas.1314705111
https://doi.org/10.1126/science.311.5757.37
https://doi.org/10.1016/j.marpolbul.2020.111482
https://doi.org/10.1016/j.scitotenv.2020.144695
https://doi.org/10.1016/j.envpol.2016.09.079
https://doi.org/10.1016/j.envpol.2016.09.079
https://doi.org/10.1073/pnas.1600715113
https://doi.org/10.1073/pnas.1600715113
https://doi.org/10.1016/j.gecco.2019.e00575
https://doi.org/10.1016/j.marpolbul.2020.111085
https://doi.org/10.1021/es2031505
https://doi.org/10.1515/rnam-2001-0404
https://doi.org/10.1016/j.margeo.2018.07.005

20454 B.Chen

Jayachandran, S., Chakraborty, P., Ramteke, D., Chennuri, K., & Chakraborty, S. (2018). Effect of pH on
transport and transformation of Cu-sediment coMPslexes in mangrove systems. Marine Pollution
Bulletin, 133, 920-929. https://doi.org/10.1016/j.marpolbul.2018.03.054

Kamali, B., & Hashim, R. (2011). Mangrove restoration without planting. Ecological Engineering, 37(2),
387-391. https://doi.org/10.1016/j.ecoleng.2010.11.025

Law, K. L., & ThoMPson, R. C. (2014). Oceans. Microplastics in the seas. Science, 345(6193), 144—145.
https://doi.org/10.1126/science.1254065

Mafi-Gholami, D., Feghhi, J., Danehkar, A., & Yarali, N. (2015). Classification and prioritization of nega-
tive factors affecting on mangrove forests using delphi method (a case study: Mangrove forests of hor-
mozgan Province Iran). Advances in Bioresearch, 63, 78-92.

Maghsodian, Z., Sanati, A. M., Ramavandi, B., Ghasemi, A., & Sorial, G. A. (2021). Microplastics accumu-
lation in sediments and Periophthalmus waltoni fish mangrove forests in southern Iran. Chemosphere,
264, 128543. https://doi.org/10.1016/j.chemosphere.2020.128543

Maghsodian, Z., Sanati, A. M., Tahmasebi, S., Shahriari, M. H., & Ramavandi, B. (2022). Study of micro-
plastics pollution in sediments and organisms in mangrove forests: A review. Environmental Research,
208, 112725. https://doi.org/10.1016/j.envres.2022.112725

Mallik, A., Xavier, K. A. M., Naidu, B. C., & Nayak, B. B. (2021). Ecotoxicological and physiological risks
of microplastics on fish and their possible mitigation measures. Science of the Total Environment, 779,
146433 https://doi.org/10.1016/j.scitotenv.2021.146433

Markic, A., Niemand, C., Bridson, J. H., Mazouni-Gaertner, N., Gaertner, J.-C., Eriksen, M., & Bowen, M.
(2018). Double trouble in the South Pacific subtropical gyre: Increased plastic ingestion by fish in the
oceanic accumulation zone. Marine Pollution Bulletin, 136, 547-564. https://doi.org/10.1016/j.marpo
1bul.2018.09.031

Martin, C., Baalkhuyur, F., & Valluzzi, L. (2020). Exponential increase of plastic burial in mangrove sedi-
ments as a major plastic sink. Science Advances. https://doi.org/10.1126/sciadv.aaz5593

Mohamed Nor, N. H., & Obbard, J. P. (2014). Microplastics in Singapore’s coastal mangrove ecosystems.
Marine Pollution Bulletin, 79(1), 278-283. https://doi.org/10.1016/j.marpolbul.2013.11.025

Naji, A., Esmaili, Z., & Khan, F. R. (2017). Plastic debris and microplastics along the beaches of the Strait
of Hormuz Persian Gulf. Marine Pollution Bulletin, 114(2), 1057-1062. https://doi.org/10.1016/].
marpolbul.2016.11.032

Ng, K. L., & Obbard, J. P. (2006). Prevalence of microplastics in Singapore’s coastal marine environment.
Marine Pollution Bulletin, 52(7), 761-767. https://doi.org/10.1016/j.marpolbul.2005.11.017

Not, C., Lui, C., & Cannicci, S. (2020). Feeding behavior is the main driver for microparticle intake in man-
grove crabs. Limnology and Oceanography Letters. https://doi.org/10.1002/1012.10143

Peeken, 1., PriMPske, S., Beyer, B., Giitermann, J., Katlein, C., KruMPsen, T., & Bergmann, M. (2018).
Arctic sea ice is an iMPsortant teMPsoral sink and means of transport for microplastic. Nature Com-
munication, 9(1), 1505. https://doi.org/10.1038/s41467-018-03825-5

Riascos, J. M., Valencia, N., Peiia, E. J., & Cantera, J. R. (2019). Inhabiting the technosphere: The encroach-
ment of anthropogenic marine litter in Neotropical mangrove forests and its use as habitat by mac-
robenthic biota. Marine Pollution Bulletin, 142, 559-568. https://doi.org/10.1016/j.marpolbul.2019.04.
010

Rillig, M. C. (2018). Microplastic disguising as soil carbon storage. Environmental Science and Technology,
52(11), 6079-6080. https://doi.org/10.1021/acs.est.8b02338

Saravanakumar, A., Rajkumar, M., Serebiah, J. S., & Thivakaran, G. A. (2008). Seasonal variations in phys-
ico-chemical characteristics of water, sediment and soil texture in arid zone mangroves of Kachchh-
Gujarat. Journal of Environmental Biology, 29(5), 725-732.

Sarker, S. K., Matthiopoulos, J., Mitchell, S. N., Ahmed, Z. U., Mamun, M. B. A., & Reeve, R. (2019).
1980s—2010s: The world’s largest mangrove ecosystem is becoming homogeneous. Biological Conser-
vation, 236, 79-91. https://doi.org/10.1016/j.biocon.2019.05.011

Seeruttun, L. D., Raghbor, P., & Appadoo, C. (2023). Mangrove and microplastic pollution: A case study
from a small island (Mauritius). Regional Studies in Marine Science, 62, 102906. https://doi.org/10.
1016/j.rsma.2023.102906

Sudjana, B., Jingga, A., & Simarmata, T. (2017). Enriched rice husk biochar ameliorant to increase crop
productivity on typic hapludults. Global Advanced Research Journal of Agricultural Science, 0,
2315-5094.

Thompson, R., Thompson, R. C., Olsen, Y., Mitchell, R. P., Davis, A., Rowland, S. J., John, A. W., McGoni-
gle, D., & Russell, A. E. (2004). Lost at sea: where is all the plastic? Science, 304(5672), 838-838.
https://doi.org/10.1126/science.1094559

@ Springer


https://doi.org/10.1016/j.marpolbul.2018.03.054
https://doi.org/10.1016/j.ecoleng.2010.11.025
https://doi.org/10.1126/science.1254065
https://doi.org/10.1016/j.chemosphere.2020.128543
https://doi.org/10.1016/j.envres.2022.112725
https://doi.org/10.1016/j.scitotenv.2021.146433
https://doi.org/10.1016/j.marpolbul.2018.09.031
https://doi.org/10.1016/j.marpolbul.2018.09.031
https://doi.org/10.1126/sciadv.aaz5593
https://doi.org/10.1016/j.marpolbul.2013.11.025
https://doi.org/10.1016/j.marpolbul.2016.11.032
https://doi.org/10.1016/j.marpolbul.2016.11.032
https://doi.org/10.1016/j.marpolbul.2005.11.017
https://doi.org/10.1002/lol2.10143
https://doi.org/10.1038/s41467-018-03825-5
https://doi.org/10.1016/j.marpolbul.2019.04.010
https://doi.org/10.1016/j.marpolbul.2019.04.010
https://doi.org/10.1021/acs.est.8b02338
https://doi.org/10.1016/j.biocon.2019.05.011
https://doi.org/10.1016/j.rsma.2023.102906
https://doi.org/10.1016/j.rsma.2023.102906
https://doi.org/10.1126/science.1094559

Bibliometric analysis and current research in the field of... 20455

Valiela, I., & Cole, M. L. (2002). CoMPsarative evidence that salt marshes and mangroves may protect sea-
grass meadows from land-derived nitrogen loads. Ecosystems, 5(1), 92—102. https://doi.org/10.1007/
$10021-001-0058-4

van Bijsterveldt, C. E. J., van Wesenbeeck, B. K., Ramadhani, S., Raven, O. V., van Gool, F. E., Pribadi, R.,
& Bouma, T. J. (2021). Does plastic waste kill mangroves? A field experiment to assess the iMPsact
of macro plastics on mangrove growth, stress response and survival. Science of the Total Environment,
756, 143826. https://doi.org/10.1016/j.scitotenv.2020.143826

Waller, C. L., Griffiths, H. J., Waluda, C. M., Thorpe, S. E., Loaiza, 1., Moreno, B., Pacherres, C. O., &
Hughes, K. A. (2017). Microplastics in the Antarctic marine system: An emerging area of research.
Science of the Total Environment, 598, 220-227. https://doi.org/10.1016/j.scitotenv.2017.03.283

Watts, A. J., Urbina, M. A., Corr, S., Lewis, C., & Galloway, T. S. (2015). Ingestion of plastic microfibers
by the crab Carcinus maenas and its effect on food consumpstion and energy balance. Environmental
Science and Technology, 49(24), 14597-14604. https://doi.org/10.1021/acs.est.5b04026

Weinstein, J. E., Crocker, B. K., & Gray, A. D. (2016). From macroplastic to microplastic: Degradation of
high-density polyethylene, polypropylene, and polystyrene in a salt marsh habitat. Environment Toxi-
cology Chemical, 35(7), 1632-1640. https://doi.org/10.1002/etc.3432

Xu, J., Mustafa, A. M., Lin, H., Choe, U. Y., & Sheng, K. (2018). Effect of hydrochar on anaerobic digestion
of dead pig carcass after hydrothermal pretreatment. Waste Management, 78, 849-856. https://doi.org/
10.1016/j.wasman.2018.07.003

Yona, D., & Sari, S. H. J. (2019). Microplastics in the surface sediments from the eastern waters of Java Sea
Indonesia. F1000Research, 8, 98.

Zaki, M. R. M., Ying, P. X, Zainuddin, A. H., Razak, M. R., & Aris, A. Z. (2021). Occurrence, abun-
dance, and distribution of microplastics pollution: An evidence in surface tropical water of Klang
River estuary, Malaysia. Environmental Geochemistry, 43(9), 3733-3748. https://doi.org/10.1007/
$10653-021-00872-8

Zhang, S., Sun, Y., Liu, B., & Li, R. (2021). Full size microplastics in crab and fish collected from the man-
grove wetland of Beibu Gulf: Evidences from Raman Tweezers (1-20 pm) and spectroscopy (20-5000
um). Science of the Total Environment, 759, 143504. https://doi.org/10.1016/j.scitotenv.2020.143504

Zhou, Q., Tu, C., Fu, C., Li, Y., Zhang, H., Xiong, K., & Luo, Y. (2020). Characteristics and distribution
of microplastics in the coastal mangrove sediments of China. Science of the Total Environment, 703,
134807. https://doi.org/10.1016/j.scitotenv.2019.134807

Zuo, L., Sun, Y., Li, H., Hu, Y., Lin, L., Peng, J., & Xu, X. (2020). Microplastics in mangrove sediments of
the Pearl River Estuary, South China: Correlation with halogenated flame retardants’ levels. Science of
the Total Environment, 725, 138344. https://doi.org/10.1016/j.scitotenv.2020.138344

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and applicable
law.

@ Springer


https://doi.org/10.1007/s10021-001-0058-4
https://doi.org/10.1007/s10021-001-0058-4
https://doi.org/10.1016/j.scitotenv.2020.143826
https://doi.org/10.1016/j.scitotenv.2017.03.283
https://doi.org/10.1021/acs.est.5b04026
https://doi.org/10.1002/etc.3432
https://doi.org/10.1016/j.wasman.2018.07.003
https://doi.org/10.1016/j.wasman.2018.07.003
https://doi.org/10.1007/s10653-021-00872-8
https://doi.org/10.1007/s10653-021-00872-8
https://doi.org/10.1016/j.scitotenv.2020.143504
https://doi.org/10.1016/j.scitotenv.2019.134807
https://doi.org/10.1016/j.scitotenv.2020.138344

	Bibliometric analysis and current research in the field of microplastics (MPs) in mangrove
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Data collection and sources
	2.2 Bibliometric analysis methods

	3 Results and discussion
	3.1 Distribution of literature in different countries and collaborative relationships
	3.2 Temporal variation in the number of papers and research processes
	3.3 Frequency of keywords in the literature and the trends
	3.4 Bibliometric characteristics of representative literature
	3.5 Correlation between the physicochemical properties of mangrove sediments and MPs
	3.5.1 Correlation between MPs abundance and mangrove sediment pH
	3.5.2 Correlation between MPs abundance and mangrove sediment texture

	3.6 Risk of MPs in mangrove habitats
	3.7 The retarding mechanism of mangroves to MPs and the source–sink issues have become future research hotspots

	4 Conclusions and recommendations
	Acknowledgements 
	References




