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Microplastics have polluted our environment, particularly mangrove ecosystems,
the barriers between land and sea that trap sediments and pollutants. The
abundance of microplastics has increased in microplastic deposition and is
expected to rise in the future. In this study, mangrove sediment cores were
collected from the Mae Klong River mouth and Queen Sirikit Park (shoreline),
Samut Songkhram province. The microplastics were analyzed using a modified
flotation method, then recasted and removed organic matter. Fiber microplastics
is composed of 92% and 82% of the total microplastics that found in theMae Klong
Rivermouth andQueen Sirikit Park, respectively. There were significant changes in
the abundance of microplastics in relation to the sediment particle size (p < 0.05).
The difference in location between the Queen Sirikit Park and Mae Klong River
mouth sites was significant (p < 0.01). The accumulation of microplastics in the
sediments was influenced by grain size and location. The polymer types of
microplastics were those normally used in textiles, indicating human activity.
Moreover, micro-Fourier transform infrared (µ-FTIR) spectroscopy analysis
identified compounds of other small particles, including tire rubber, pigment,
paint, dyes, and flame retardant. These results imply that microplastics and
microparticles have polluted the mangrove sediment in the Mae Klong River
basin, which is an important fishery area in the upper Gulf of Thailand.
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1 Introduction

Plastic is used globally for producing packages and components of consumer goods and
other devices. It was invented in the 1900s and has been dramatically deployed since the
1950s (Gilbert, 2017) because of its features, such as durability, low production cost,
flexibility, and chemical and water resistance. However, although plastic durability is an
outstanding feature, plastic waste requires centuries to degrade. Thus, plastic is broken down
into smaller pieces that become microplastics, whose particle size is smaller than 5 mm.
Microplastics can be spread and accumulated in the environment for a long time (Claessens
et al., 2011; Van Cauwenberghe et al., 2013).
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Microplastics have extensively polluted the environment, as
shown by historical microplastic records, including lake and
marine sediments, ice sheets, and peat sequences. The evidence
reveals that microplastics have accumulated in the environment
from the late 1950s to now. Microplastics have been found in ice
sheets (cores), for example, from the Arctic Ocean and Antarctic Sea
ice (Kanhai et al., 2020; Kelly et al., 2020). They were also found in
lake sediment areas, such as a dated-lake sediment core in the North
London Lake (Turner et al., 2019), a dated sediment core in Japan,
and the Donghu Lake in China (Dong et al., 2020). Meanwhile,
microplastic sedimentation in China’s Donghu Lake has increased
10 times over the past 60 years. Lake sediment potentially hosts great
amounts of microplastics produced by human activities (Turner
et al., 2019). Moreover, microplastics are omnipresent in the marine
environment. For example, the ocean is the destination of plastic
waste generated on land and transported via rivers or coastlines
(Jambeck Jenna et al., 2015). Furthermore, microplastics are also
found in deep-sea sediment cores, such as the Rockall Trough, North
Atlantic Ocean (Abel et al., 2022), and the Kuril Kamchatka Trench,
Pacific Ocean (Abel et al., 2022).

Studies about microplastics in mangrove areas reveal that plastic
has been buried across the Red Sea and the Arabian Gulf since the
1930s and has exponentially increased since the 1950s in line with
global plastic production (Martin et al., 2020). Moreover,
microplastics were found in core samples from Thailand,
Malaysia, and South Africa (Matsuguma et al., 2017). Previous
studies showed the occurrence of microplastics on land,
especially in the boundary line between land and mangrove
areas. Mangrove areas have a high sinking potential for sediment
load and microplastics because of their plant root systems and low-
energy environments (Mohamed Nor and Obbard, 2014).
Moreover, the investigation of undated sediment cores from
mangrove areas in southern Thailand showed that microplastics
occurred in greater amounts in mangrove areas than that in outside
areas because of the trapping potential of mangrove roots (Pradit
et al., 2022). In addition, there was a significant amount of
microplastics in the shelter of wetlands and the surrounding
community area, whereas there was a lower amount in open sea-
facing areas, the Gulf of Thailand, and the outer community area
(Pradit et al., 2022).

Rivers are pathways that release plastic waste from land to the
ocean (Meijer et al., 2021). Plastic waste ends up in the sea through
various paths, including runoff, wastewater, rubbish dumping, and
soil erosion (Zhang et al., 2018). In this regard, Thailand was ranked
sixth in terms of mismanaged plastic waste among 192 coastal
countries in 2010 (Jambeck Jenna et al., 2015). Nowadays,
Thailand has also been listed as one of the top 20 countries in
terms of annual plastic emissions into the ocean (Meijer et al., 2021).
Because of improper waste management in Thailand, plastic debris
is released into the sea. Most of the plastic debris in the ocean is
caused by land activities, including wasteland, drain water, urban
areas, and tourism, and a further 20% of the plastic waste is
generated by marine activities, including commercial boats,
fishing boats, shipping freight, and ocean tourism (Pollution
Control Department, 2019). Plastic debris in the environment is
eventually turned into microplastics by natural wind, tides, ocean
currents, and UV radiation.

Microplastics can enter an organism’s body through ingestion
(Wright et al., 2013). Previous studies showed that microplastics
have been detected in bivalve tissues (Ding et al., 2021). Clams,
oysters, mussels, and scallops can potentially receive suspended
particles in the water, including microplastics. Microplastics can
obstruct and damage an organism’s tissues (Deng et al., 2017; Ding
et al., 2021). In addition, the microplastic surface can absorb heavy
metals and toxic chemicals that may be accumulated in the body and
cause diseases (Gallo et al., 2018).

Don Hoi Lot, listed as the Ramsar site under the Ramsar
Convention, is Thailand’s most distinct wetland ecosystem in
the Mae Klong River. This deep mangrove area is along the
shoreline east of the Mae Klong River mouth (Pumijumnong,
2014). The Mae Klong River flows through Kanchanaburi,
Ratchaburi, and Samut Songkhram and ends up in the upper
Gulf of Thailand. This river is surrounded by urban and
aquaculture areas and is thus an important place for fisheries
and for rearing clams, mussels, and giant tiger prawns
(Department of Marine and Coastal Resources, 2018).

Many studies have been conducted to study environmental
changes, human activities related to the environment, and toxic
metal elements in Samut Songkhram. As a result of a growing
city, human activities cause environmental pollution (Qiao
et al., 2015; Punwong et al., 2018; Klangnurak and
Chunniyom, 2020). Meanwhile, the mangrove environment is
a significant ecosystem providing young ocean animals with
food and habitat. In this regard, one study collected and
analyzed coastal sediments in Singapore and provided
evidence of environmental change in the country (Mohamed
Nor and Obbard, 2014). However, studies in this regard on
Thailand’s core and mangrove sediments are limited. Thus, this
study focused on a mangrove area that has potential
microplastic sedimentation. This study estimated
microplastic contamination in core sediments from the Mae
Klong River’s mouth mangrove ecosystem.

2 Materials and methods

2.1 Study area

Sediment core CP1 and S1 were collected from mangrove
area. This study was conducted at a mangrove area along the
Mae Klong River mouth, Samut Songkhram, Thailand
(Figure 1A). This area is part of the upper Gulf of Thailand.
The S1 site was located at the river mouth near Don Hoi Lot
(Figure 1B). Meanwhile, the CP1 site was situated in Queen
Sirikit Park (Figure 1C), known as a mangrove conservation
area. The Mae Klong River Estuary area’s unique characteristic,
known as Don Hoi Lot, covers 4 km wide at the Mae Klong River
mouth. A mudflat area consisting of sand and mud was
smoothly plain with less than 1% slope. According to the
location of CP1 site surrounding the exuberant mangrove
ecosystem, this site has been an important resource for
inhabiting aquatic species. Moreover, bamboo walls along the
shore of Samut Songkhram province protected the mangrove
area from coastal erosion (Figure 1C).
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2.2 Core sampling

Considering plastic contamination in the field and laboratory,
the use of a plastic-made tool was avoided, and the spoon, blade, and
glass bottle were rinsed with distilled water before use. The
equipment should be sealed or covered away from airborne
microplastic contamination. Two sediment cores were collected
from two sites in front of the mangrove area at the Mae Klong
River mouth. The samples were picked up at the border of the
mangrove forest to prevent root disruption. The sediment cores
were taken using a Russian corer (100 cm in length and 8 cm in
diameter). The CP1 core (Queen Sirikit Park) was collected from the
overlap sediment core, and the total length of the site was 142 cm in
depth. A 52-cm core was collected at the S1 site (near Don Hoi Lot).
After returning to the laboratory, the core samples were sliced into
1-cm-thick pieces using a stainless blade and individually stored in a
container for further analysis.

2.3 Sediment analysis

Each consecutive 2-cm interval sample was used to estimate the
qualitative changes in organic matter of sediments through loss on
ignition (LOI). The samples were dried in an oven at 105°C for 12 h
and then combusted at 550°C for 6 h. The organic content was
calculated from the weight loss percentage (Heiri et al., 2001).

The sediment’s particle size was analyzed using a laser
diffraction machine (Malvern 3,000). Each consecutive 5-cm
interval core sediment was dried in an oven at 60°C for 48 h.

Then, 1–2 g of dried sediment was sieved through a No. 4 mesh
(4.75 mm) and sent to the Scientific and Technological Research
Equipment Centre, Chulalongkorn University.

2.4 Microplastic analysis

Microplastic abundances were determined for each consecutive
1-cm slice of the core. Wet sediment was dried in an oven at 60°C for
48 h. First, the floating method was used to separate particles using a
ZnCl2 solution (density 1.6–1.7 g mL−1). The ZnCl2 solution allowed
sediments with higher density than that of the solution to sink to the
bottom while plastics and some organics floated up in the
supernatant. All solutions were filtered using 1.2 μm mesh size
filter paper before use to avoid MPs contamination. Next, 5-g
dry-weight sediment was mixed with ZnCl2 (50 mL) at 500 rpm
for 5 min and allowed to settle for 3 h. The supernatant containing
particles less dense than 1.6 g mL−1 was poured through a Millipore
filter (glass microfiber filter GF/C, 1.2-µm pore, 70-mm diameter,
Whatman) using vacuum filtration. The floating method was
repeated three times [modified from Lo et al. (2018)]. Next, 30%
hydrogen peroxide was used to remove the organic substance
associated with microplastics. The filter containing microplastics
and organic substances was rinsed using 50 mL of H2O2. The
solution was heated at 70°C for 1 h and allowed to settle
overnight [modified from Duan et al. (2020)]. Then,
microplastics were counted and observed under a
stereomicroscope. Their characteristics and plastic properties
were primary checked by hot needle technique test and

FIGURE 1
Study area. (A) Location of the Mae Klong River mouth on the upper gulf of Thailand. (B) Landscape of the S1 site located near Don Hoi Lot. (C)
Landscape of the CP1 site located on the east side of the Mae Klong River Mouth.
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appearance inspection including non-cellular structure, equally
thick especially in fiber, homogeneous texture (Hidalgo-Ruz
et al., 2012; De Witte et al., 2014). The limitation of the
identification process was that microplastics smaller than 0.1 mm
(100 µm) were hard to observe under the microscope. Finally, the
representative microplastic samples were identified polymer type by
using micro-Fourier transform infrared (µ-FTIR) spectroscopy
LUMOS II at the Professor Aroon Sorathesn Center of
Excellence in Environmental Engineering, Faculty of Engineering,
Chulalongkorn University.

2.5 Pollution load index

To understand the contamination level in core sediment at each
site from Mae Klong River estuary, an integrated pollution load
index (PLI) was calculated based on Tomlinson et al. (1980). The
PLI at each site is related to microplastic concentration factor (CFi)
as given below:

CFi � Ci

Coi

PLI � ����
CFi

√

At each site, CFi is the quotient of the microplastic concentration
at surface (top 5 cm) (Ci) and the background microplastic
concentration (Coi). The microplastic concentration at the
bottom of the sediment core (bottom 5 cm) was considered as a
background value.

3 Results

3.1 Sediment analysis

Sediment from each consecutive 5-cm depth interval was
measured using a laser diffraction machine (Malvern 3,000). The
sediment sample from the CP1 site (Queen Sirikit Park) had high
concentrations of silt (0.002–0.05 mm) and sand (0.06–2.0 mm),
whereas the sample from the S1 site (the Mae Klong River mouth)
was silt dominated. The average grain size from each 5-cm depth
interval ranged from 38.9 to 166.0 and 21.4–65.7 µm in the CP1 and
S1 sites, respectively. The lithostratigraphy and grain size proportion
of the sediment cores are shown in Figure 2. LOI was analyzed by

FIGURE 2
Lithostratigraphy and grain size proportion of the (A) CP1 core and (B) S1 core.
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combusting the sediment sample from each consecutive 2-cm
interval. LOI reflects the water, organic, and carbonate contents
contained in the sediment sample. Lithostratigraphy and grain size
proportion of CP1 core (Figures 3A,B) are performed with
microplastic abundance graph and LOI percentage graph in
Figure 3. The LOI value in the 142-cm core from the CP1 site
was high at the top of the core and had a slightly decreasing trend
from top to bottom of the core (Figure 3D). The result showed that
the levels of organic substances contained at the top of the core
sample were higher than that at the bottom of the core. Meanwhile,
the LOI value had no difference in the 52-cm core from S1. Organic
matter in each depth was equally accumulated at the S1 site.

3.2 Microplastic analysis

3.2.1 Microplastic abundance
Microplastics were found in almost the entire depth length of

the CP1 and S1 core samples. A total of 794 and 63 microplastics
were identified in the CP1 and S1 cores, respectively.
Microplastics in each 1-cm depth interval in the sediment
cores ranged from 0 to 5200 items per kilogram of sediment,
with an average of 1102.1 items per kilogram for the CP1 site and

from 0 to 1400 items per kilogram in dry sediment, with an
average of 426.9 items per kilogram for the S1 site. The
microplastic abundance decreased with increasing sediment
depth in the CP1 core; conversely, the abundance of
microplastics in each depth had no trend in the S1 core. In
addition, pollution load index (PLI) was evaluated by
microplastic concentration at each site. The PLI values of
CP1 and S1 sites were 2.04 and 1.22, respectively.

3.2.2 Characteristics of the microplastics
Four different shapes of microplastics (i.e., fiber, fragment,

stick, and plate) were observed under a microscope. Examples of
the microplastics found in this study are shown in Figure 4. At
Queen Sirikit Park (CP1 site), most microplastics were in fiber
shape (92%), followed by fragment (5%) and stick (3%),
respectively. The plate shape was not found at the CP1 site.
At the Mae Klong River mouth (S1 site), the common shape was
also fiber (82%). The other shapes were fragment (11%), plate
(4%), and stick (3%), respectively (Figure 5). Meanwhile, fiber
was the only shape found at the deeper part of the CP1 core
(118- to 142-cm depth).

For color identification, multiple microplastic colors were
detected, including black, colorless, green, red, white, and brown.

FIGURE 3
Sediment core CP1: (A) lithostratigraphy of core CP1; (B) percentage proportions of the size of sediment in the CP1 core; (C)microplastic abundance
in the CP1 core; (D) LOI percentage of sediment in the CP1 core.

Frontiers in Environmental Science frontiersin.org05

Chaisanguansuk et al. 10.3389/fenvs.2023.1134988

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1134988


FIGURE 4
Examples of microplastics found in this study (from the top left in the clockwise direction): black fragment, red fiber, purple fiber, and transparent
fiber.

FIGURE 5
Shapes of microplastics in the sediment cores. Percentage proportions of shape categories of microplastics in (A) the CP1 sample and (B) the
S1 sample.
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The CP1 site had all these colors, whereas the S1 site had all colors
except brown. The most prevalent colors from the two sediment
cores were equally black and colorless.

The total microplastics found in this study were generally
1.0–5.0 mm in size. Microplastics with sizes ranging from 0.1 to
1.0 mm (62%) and 1.0–5.0 mm (38%) were found at the CP1 site. As

FIGURE 6
Sizes of microplastics in the sediment cores: Percentage proportions of microplastic size in (A) the CP1 sample and (B) in the S1 sample.

FIGURE 7
Polymer type spectrum from the FTIR analysis in this study. The FTIR spectra show microplastic types (e.g., polyester, rayon, nylon, and spandex).
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in the S1 site, microplastics 0.1–1 mm in length (55%) constituted a
dominant proportion. The residual part comprised microplastics
0.1–1 mm in length (45%) (Figure 6). Microplastics in the CP1 site
accumulated with silt–sand sediment size (0.002–2.0 mm), whereas
the S1 site had more silt-size sediment and a smaller microplastic
proportion (0.1–1.0 mm) than that in the CP1 site (Figure 6).

3.2.3 Polymer type of microplastics
The µ-FTIR analysis analyzed a total of 38 suspected particles.

The result show that 30 samples were indicated as plastic and eight
samples were non-plastic including natural dyes and cotton.
Consequently, the particles with the same characteristic as non-
plastic were deducted from the total number of microplastic. As the
spectra of µ-FTIR can analyze the surface of the sample, coatings or
contaminations on the surface can influence the spectra. Moreover,
the fiber shape mostly found in this study was pretty hard to analyze
because of the limited area for detection. The polymer types of the
microplastics from the two mangrove sediment cores consisted of
rayon, polyester (PES), polyamide (PA), polyethylene (PE),
polybutylene terephthalate (PBT), polypropylene (PP), and
polycarbonate (PC). An example of a polymer type spectrum of

these microplastics is shown in Figure 7. The fiber was detected in
various commercial names, including rayon, olefin, spandex, and
nylon, which differed depending on the polymer type. In addition,
this study detected other microparticles that contaminated
sediments, such as pigment, tire rubber, paint, dyes, and flame
retardant material. An example of a microparticle’s spectrum is
shown in Figure 8.

4 Discussion

The 142-cm core from the CP1 site and the 52-cm core from the
S1 site were analyzed in detail. The results demonstrated that
microplastics polluted the mangrove sediment even at a 142-cm
depth. A comparison of the findings from this study with those of
previous studies in selected regions is shown in Table 1. The
microplastic abundance in the mangrove sediment cores from the
Samut Songkhram province was approximately equal to those in
Tokyo Bay, Japan, and the Red River Delta, Vietnam. Meanwhile,
the abundance of microplastics in this study was higher than that in
other areas in Thailand. Microplastic accumulation and distribution

FIGURE 8
FTIR spectra showing types of micromaterials found contaminating the sediment sample from this study (e.g., tire rubber, flame retardant, dyes, and
pigment).
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are influenced by environmental parameters such as geography,
location, hydrodynamics, environmental pressure, and time (Das,
2016). Because the mangrove area where the CP1 and S1 sites are
located is dominated by Pneumatophores (respiratory roots), which
enhance the deposition of plastic particles on sediment, the
mangrove sediment is a suitable plastic sink (Martin et al., 2020).

The number of microplastics detected at every layer from the
S1 site was lower than that detected in CP1. The difference in
location between the CP1 and S1 sites is significant (p < 0.01)
(Mann–Whitney U test). Geomorphologically, S1 is located at the
river mouth and is thus tide-dominated, whereas CP1 is located near
the shoreline and is under coastal protection behind bamboo walls
(see Figure 1). Thus, CP1, located at a low-wave-energy area, is a
more favorable sink for particles and microplastics (Lo et al., 2018).

The sedimentary grain size analysis showed that the particle size
of the CP1 and S1 sites ranged from very coarse silt to fine sand and
from coarse silt to very fine sand, respectively. Consequently, the
sediment samples from S1 had a grain size finer than that of the
sediments from CP1. The environment at the S1 site was suitable for
silt domination, and fine-grained sediment has accumulated in the
Mae Klong River mouth. Meanwhile, estuarine environments
accumulate various ranges of sediment sizes, but finer grains
dominate most estuaries (Das, 2016). In addition, there were
significant changes in the abundance of microplastics and the
particle sizes of the sediments from the two core samples, with a
significance of 0.022 (p < 0.05) (Pearson correlation). Moreover,
there was a linear relationship between the number of microplastics
and the grain sizes of the sediment.

The abundance of microplastics negatively decayed
exponentially with deeper depths of sediment core CP1 (r =
0.6734; p < 0.05). The trend is shown in Figure 3C. This relation
was also found in the sediment profile in Kuwait Bay (Aba et al.,
2014) and the United Kingdom’s continental shelf and slope
(Kukkola et al., 2022). The results concluded that the number of
microplastic accumulations decreased with increasing sediment
depth. Accordingly, the trends of plastic consumption from the
past and microplastic accumulation in the core were in the same
direction. The pollution load index was normally evaluated the level

of pollution in each area. According to this study, the PLI value is
applied to evaluate the contamination level in microplastic at each
depth in core sediment. The PLI value from CP1 site (2.04) had
greater than S1 site (1.22) which these PLI values were less than 10.
According to the study on risk assessment by Xu et al. (2018),
Hazard level at Mae Klong River estuary indicated Hazard level I.
This result may imply that the microplastic contamination from past
to present has been polluted (Tomlinson et al., 1980).

The microplastics found in this study were mostly in fiber form,
as in previous studies in mangrove core sediments in southern
Thailand, Hangzhou Bay, China, and Northern Vietnam (Li et al.,
2020a; Luu Viet et al., 2021; Pradit et al., 2022). Moreover, many
previous studies also suggested that the fiber type is detected as a
major shape of microplastics in mangrove environments (biota:
(Hastuti et al., 2019; Klangnurak and Chunniyom, 2020), sediments:
(Mohamed Nor and Obbard, 2014; Wang et al., 2020; Zuo et al.,
2020)). Synthetic fiber is usually used for clothing, carpets, and
various other products made from polymer-based materials such as
nylon (PA), spandex (polyether–polyurea copolymer), and rayon
(generated cellulose) (Loasby, 1951). Synthetic fiber can release
microfibers into the environment during its manufacturing or
washing process (Šaravanja et al., 2022). With microfibers
dumped into wastewater, some microfibers slip through water
filtration systems and finally enter the environment (Vassilenko
et al., 2021).

Accordingly, the microplastics found in this study can be
implied as sourced from households around the study area.
Besides the microplastics found in mangrove sediment cores
from Pattani and Songkhla, southern Thailand, rubber and paint
have been reported (Pradit et al., 2022). Other synthetic particles
were also discovered associated with plastic polymers in this study,
and the µ-FTIR analysis identified compounds of small particles, tire
rubber, pigment, paint, dyes, and flame retardant. Currently, tire
rubber is made from a mixture of natural and synthetic rubbers.
Wear and tear from car tires can generate tire wear particles
recognized as microplastics resulting from the mechanical
abrasion between tires and road surfaces (Kole et al., 2017;
Wagner et al., 2018). Meanwhile, pigments, dyes, paints, and

TABLE 1 The abundance of microplastic in sediment cores from this study and selected regions.

Country Location Ecosystem Total microplastics (item/kg dry sediment) References

Japan Tokyo Bay Bay 1845–5385 Matsuguma et al. (2017)

Thailand Gulf of Thailand Bay 83–165 Matsuguma et al. (2017)

Songkhla Lagoon Mangrove forest 106–413 Pradit et al. (2022)

Pattani Mangrove forest 108–180 Pradit et al. (2022)

Mae Klong River Mouth Mangrove forest 0–5200 This study

China Jiaozhou Bay Bay 2.5–27.5 Zheng et al. (2020)

Hangzhou Salt marsh 40–480 Li et al. (2020a)

Pearl River Estuary 140–820 Fan et al. (2019)

Indonesia Baluran National Park Coastal 116.41 ± 80.78 Asadi et al. (2019)

Vietnam Tien Yen Bay Mangrove forest 0–815 Luu Viet et al. (2021)

Red River Delta Mangrove forest 0–4941 Luu Viet et al. (2021)
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flame retardants are normally used in coating materials or as
additives in polymers to improve the polymers’ properties
(Ambrogi et al., 2017). According to a study in the
United Kingdom, synthetic dyes were found contained in fiber
(Turner et al., 2019). Moreover, paint partially made from plastic
polymer contribute microplastics into the ocean and waterways.
Plastic leakage from paint is heavier than other sources of
microplastic leakage (textile fibers and tire dust) (Paruta et al.,
2022). The size of the synthetic materials in this study (tire
rubber, pigment, paint, dyes, and flame retardant) was less than
5 mm. Synthesis materials and chemicals also play a role in
microparticle contamination in the environment.

The 1950s was the period of widespread plastic use (Chalmin,
2019). In this regard, many studies have revealed long-term evidence
records of microplastic accumulation in sediments. For example,
dated sediment cores from Kuwait represented about 60 years of
record with a 59-cm sediment depth. Microplastics were detected at
the bottom of the core since 1951 (Aba et al., 2014). Similarly,
microplastic contamination started in the 1950s and increased
toward the surface layer in a dated sediment core from Tokyo
Bay, Japan (Matsuguma et al., 2017). In the Gulf of Thailand,
microplastics were detected at 10- to 12-cm depths in an
undated sediment core sampling near the Chao Phraya River, but
the deeper part of the core had no microplastics (Mohamed Nor and
Obbard, 2014). Moreover, the notable core sampling 8 km away
from the Mae Klong River mouth only found microplastics at the
top sediment layer (0–6 cm) (Matsuguma et al., 2017).

The core samples from this study were not dated, but the data from
the sediment record in the Klong Khon subdistrict, Samut Songkhram

province, provided a sedimentation rate of 0.6 cm per year using OxCal
v4.10 (Punwong et al., 2018). According to evidence from the CP1 core,
the 33- to 42-cm depths were filled with sand-size grains and shell
fragments that may have been interrupted by a strong event. The strong
event that brought coarse-grain deposition in this mangrove area was
assumed to be typhoon Vae, which attacked the upper Gulf of Thailand
in 1962 (Suphat, 2007). The depth from the top to the marked layer
(33–42 cm; see Figure 3) and the period of occurrence of theVae typhoon
were calculated, and the rate of sedimentationwas approximately 0.57 cm
per year. This study’s result is similar to the sedimentation rate at the
Klong Khon subdistrict (Punwong et al., 2018) located west of the Mae
Klong River, Samut Songkhram province.

Microplastics found in the deep layers may have accumulated
before the industrial age in the 1950s. According to a previous study
in Turkey, microplastics contaminated estuary sediments before the
1950s (Belivermiş et al., 2021). In this study, microplastics found in
the deep layers are supposed to be from microplastic infiltration
(Figure 9). Microplastic infiltration, which transports microplastics
into deeper areas, is affected by various factors, such as microplastic
properties, soil texture, current flow, and biota disruption (Dong
et al., 2022; Guo et al., 2022). Accordingly, tidal flat areas are
influenced by tides and consist of unconsolidated sediments that
typically have high porosity (Semeniuk, 2005). Thus, in this context,
microplastics move inside soil cracks or are transported from
surfaces to deep layers through leaching or bioturbation (Li et al.,
2020b). Moreover, as mangrove environments have a great diversity
of biota, including aerial root plants and benthic organisms,
microplastics are transported into deeper sediment layers by
benthic invertebrates (Näkki et al., 2017). Moreover,

FIGURE 9
Graphic showing how bioturbation transports microplastics deep into the mangrove environment.
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microplastics that contaminate mangrove sediments may be
ingested by organisms in this area. Many studies revealed that
microplastics were found in living organisms in mangrove
ecosystems (Hamid et al., 2020; Zhang et al., 2021).

5 Conclusion

Microplastics weremore abundant in the CP1 core possibly because
of the geomorphology of the shoreline area, given that the S1 core is
located in the Mae Klong River mouth area. The microplastic
abundance corresponded to the sediment size distribution and
location related to transportation energy. Microplastics were found
at a 142-cm depth and have accumulated in deep sediment layers in
association with microplastic infiltration and biota distribution. The
abundance of microplastics increased from the deep toward the surface.
This trend is expected to rise in the future.Microplastic types in this area
were implied as due to human activity—waste from households, daily
products, and fishing. As mangrove ecosystems are the habitat of
diverse species, microplastics in these areas may affect living
organisms. Thus, microplastic pollution in mangrove ecosystems
should be a great concern.
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