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Abstract

Research on characteristics, composition, size, shape (fragment, fiber, granular), distribution, and content of microplastics in
coastal sediments was conducted through boreholes and excavations on identified cross-sections. Field surveys were conducted
in the rainy and dry seasons, drilling (2m/borehole) and excavations (1.0 x 0.8 x 1.0) to collect samples at low tide. Changes in
sediment environment and microplastics in the 2m borehole column, and seasonal changes in sediment structure and
microplastics were studied in the excavations. Changes in microplastic content in the sediment sample column (borehole,
excavation) and sediment OSL age were also determined. Synthesizing documents on the cross-sections will determine the
distribution characteristics of microplastics in coastal alluvial sediments in the study area. Coastal sedimentary environments are
determined based on analysis of grain size, sediment structure and diatoms in borehole and excavation samples. In addition,
geomorphology and coastal sediments play an important role in determining sedimentary environments such as intertidal,
subtidal, beach, sand bar, etc. The presence of microplastics with varying composition and content in borehole sedimentary
environments of geological cross-sections is the basis for studying the distribution and source of microplastics. The research
results show that the microplastic content is medium to very low, about 0-300 microplastics / 1000 g of dry sediment sample,
often found in fine, medium and silty sand in the upper intertidal sediments (0 to -0.6 m) with an age of about 30 years ago (OSL
age), and does not appear in the lower part of the drill core (from -0.7 m to -2 m). In addition, microplastics do not appear in
clay-silt and clay-silt-sand. Two areas with quite concentrated microplastic content are the intertidal flats of Soai Rap and Dong
Tranh rivers in Dong Hai commune and the Long Tau river mouth area in Can Thanh town; the intertidal flats in the middle of
Long Hoa commune has a non-concentrated microplastic content.
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1. Introduction

Microplastics are very small plastic particles, ranging in  divided into primary and secondary microplastics. Primary
size from 1 pm to 5 mm, in the form of fibers, fragments, and microplastics are plastic particles that are produced and used
beads [1, 2]. Depending on their origin, microplastics are  directly as raw materials in the production of plastics, cos-
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metic products, detergents, etc. Secondary microplastics are
small plastic fragments originating from the decomposition of
plastic debris. Microplastics (primary and secondary) are
found in water, sediments, and animals living in river, coastal,
and ocean environments originating from land-based flows [3,
4]. Research on the spatial distribution (concentration, mass,
type, and/or size) of microplastic pollutants has focused on
three components of the marine environment: sediments,
water columns, and surface water. In these studies, in addition
to determining the morphological size, quantity distribution,
and concentration ratio of microplastic pollutants, the studies
also focused on determining the source of microplastic pol-
lutants in the marine environment [5].

The abundance and spatial distribution of microplastics are
affected by environmental factors including currents, waves,
tides, cyclones, and wind direction [6]. A study on the influ-
ence of sedimentary environments on the abundance of mi-
croplastics was conducted on the Bristol Channel beach in the
UK, and the results showed that microplastics were highly
concentrated in low-energy beaches corresponding to fi-
ne-grained sediments [7]. Estuaries are the main transport
routes for plastics originating from the mainland to the ocean,
but are relatively low compared to coastal and open ocean
environments. The distribution and transport of microplastics
in salt marshes showed a good relationship with tidal regimes
and a weak relationship with suspended sediment concentra-
tions [8]. Microplastics are often found in high concentrations
in estuaries, nearshore waters, and in sediments where human
populations are concentrated. Microplastics are mainly in the
form of particles and fibers, present at depths of 0-50 cm in
coastal tidal sediments with densities of 200-1,900 parti-
cles/kg of dry sediment in Singapore, Japan, Hong Kong, and
China [9]. In addition, microplastics accumulated in bivalves
are the most studied among marine animals due to their fil-
ter-feeding mode of nutrition [10].

Recent studies have shown that microplastic pollution is a
hot environmental issue in countries around the world and is
of interest to research, especially in the marine environment,
which will be a source of water, sediment, and marine life
pollution. After China, Indonesia and the Philippines, Vi-
etnam is one of the countries with the largest amount of plastic
waste discharged into the environment in the world. However,
to date, research on microplastic pollution in water bodies and
the risks of impact on the environment and marine life is still
quite limited.

Due to the structural characteristics of synthetic polymers,
plastic waste has a very slow decomposition rate and can
persist in the environment for hundreds of years, leading to
many serious environmental problems related to plastic waste.
Vietnam is the third highest plastic consumer in Southeast
Asia (after Malaysia and Thailand) with an average plastic
consumption per capita of 41 kg/year in 2015 (10 times higher
than in 1990) [11]. With more than 1.8 million tons of plastic
waste per year and only 27 recycled, plastic pollution has
become a major problem threatening the coastal environment
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of the country. Vietnam is identified as the country with the
4th largest amount of plastic waste in the world with an es-
timated 0.28-0.73 million tons of plastic discharged into the
marine environment each year [12, 13]. A survey conducted
by IUCN and Greenhub (IUCN, 2019) showed that plastic
waste accounted for 92% of the total debris collected on Vi-
etnam's beaches [14]. However, to date, information on the
distribution of microplastics in estuaries and coastal areas is
very limited, which can make it difficult to assess the current
status of plastic pollution as well as to have an effective
management strategy. Microplastics were found in Da Nang
city beach sediments, in which synthetic fibers dominated at
about 99.2% with a content of about 9,238-2,097 items/kg dry
weight. Microplastics tend to be concentrated in beach surface
sediments, in which about 81.9% of synthetic fibers with a
size of 300-2600 um are a threat to the ecosystem and human
health [15]. Research on microplastics in tidal sediments in
Hau Loc district, Thanh Hoa province showed that micro-
plastics were about 0.25-5 mm in size, with a content of about
2,921-5,635 microplastic particles/kg of dry sediment, indi-
cating that the tidal flats here are affected by microplastic
pollution [16].

Some studies on microplastics were conducted on bivalve
samples in the natural environment, the results showed di-
versity in the level of pollution as well as the characteristics of
microplastics such as size, color, shape and nature of micro-
plastics. The microplastic content in Green-shelled mussels
(Perna Viridis) was about 2.60 microplastic fibers/individual
and about 0.29 microplastic fibers/gramme of fresh meat up to
dozens or even hundreds of microplastic particles in 1 gram of
fresh meat or a bivalve individual [10, 17]. The presence of
microplastics in seafood poses a risk to human food safety, not
only to local communities but also to tourists and residents in
seafood importing countries.

In Ho Chi Minh City, there are about 1,600 tons of plastic
waste every day, a large amount of which floats on ponds,
lakes, canals, rivers... and flows into the ocean. According to
the Department of Natural Resources and Environment, each
year Ho Chi Minh City discharges about 250,000 tons of
plastic waste, of which about 48,000 tons are sent to landfills
and the remaining 200,000 tons are sent to the river system,
canals and sewers. In addition, analysis and assessment of
plastic and microplastic pollution in the Saigon River and 04
main canals in the central area of the city was conducted. The
results of microplastic analysis in river and canal water
showed that microplastic fibers and fragments predominate
with high concentrations of about 172,000-519,000 fibers/m?
and 10-223 fragments/m® of water [11, 12]. This shows that
the risk of microplastic pollution in Saigon River water is very
high and the coastal estuary of Can Gio is also the place that
receives waste from industrial parks in Dong Nai, Binh Duong,
Long An and Ho Chi Minh City. Due to rivers in the Sai-
gon-Dong Nai river system such as Vam Co, Soai Rap, Dong
Tranh, Long Tau... and canals, it is transported and accumu-
lated in the sand flats of which, plastic waste from waste
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sources of industrial parks accounts for a significant portion.
Microplastics broken from large pieces of plastic waste are
difficult to decompose over time, sediment in alluvial plains
pollutes the environment, harms the quality of aquatic prod-
ucts, and will seriously affect aquaculture and human health.
In addition, some studies assessing heavy metal pollution (Cu,
Pb, Cr, As) in water, sediments and ecological risks of Can
Gio coastal estuary have been conducted [19, 20], in which
floating diatom indicators contributed to assessing the water
quality of Dong Nai river [21]. Microplastics were also found
at 04 locations on the beach of Go Cong Dong district Tien
Giang province and Vung Tau city. Sample analysis results
showed that the microplastic content was about 0-295 mi-
croplastic pieces/kg of dry sand sample, of which fragments
accounted for about 60.2% in Go Cong Dong and particles
accounted for 71.7% in Vung Tau [22]. In addition, micro-
plastics were also initially detected in tidal sediment samples
of Tien, Ham Luong and Co Chien estuaries and Thanh Phu
district Ben Tre province that showed about 0-300 micro-
plastic pieces/kg of dry sand sample [23-25].

In 2018-2019, a study on microplastic pollution in Saigon
river water was conducted. In 2018, CARE (Center for Asian
Water Research - Ho Chi Minh City University of Technology)
studied Saigon River water, the results showed that there were
about 10-233 microplastic pieces/m® of water and about
172-519 microplastic fibers/liter of water. This shows that the
Saigon River is seriously polluted by plastic waste and mi-
croplastics. From 2018 to 2020, the Ho Chi Minh City Insti-
tute of Resource Geography in collaboration with the Center
for Coastal Estuary Research of Shimane University, Japan,
studied the relationship between geomorphology, sediments
and hydro-oceanography of riverbeds and estuaries of the
Saigon-Dong Nai river system. The results distinguished
dominant river zones, river-tidal zones, dominant tide zones
with geomorphological and sedimentary characteristics of
riverbeds, hydro-oceanographic regimes in the rainy and dry
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seasons, and formation of tidal flats [26-28]. In addition, a set
of riverbed sediment samples (Soai Rap, Sai Gon, Dong Nai
rivers) and coastal alluvial plains of Can Gio district have
been collected. Preliminary analysis results show the presence
of microplastics in the alluvial plains of Soai Rap river mouth
and Dong Tranh bay of Can Gio district. However, these are
only initial findings on the presence of microplastics. If there
are conditions for further research on the distribution of mi-
croplastics in the sediments here, the existing sediment sam-
ples will be used as a source of research materials, contrib-
uting significantly to the implementation of the topic. Alt-
hough there are a number of related studies, there is still a lack
of information on the accumulation of microplastics in coastal
and estuarine sediments. In addition, updating the assessment
of the presence and distribution of microplastics in coastal
alluvial plains of estuaries is limited due to the lack of stand-
ard methods for sample collection and analysis.

From all the above analyses, it is necessary to conduct re-
search to determine the distribution and characteristics of
microplastic particles in coastal estuarine sediments. This
research will provide the current status of distribution and
characteristics of microplastics in coastal estuarine sediments
of Can Gio, supplementing important data sources on micro-
plastics to develop environmental protection strategies.

2. Regional Settings

Can Gio District has about 14 km of coastline from Dong
Tranh Cape to Can Gio Cape, with large river mouths such as:
Long Tau, Cai Mep, Thi Vai, Soai Rap, Dong Tranh (Figure),
which are strongly affected by river-sea hydrodynamic in-
teractions. The tidal regime in this sea area is of the irregular
semi-diurnal type with a high tide amplitude of = 2m, with
two high tides and two low tides per day.

EAST SEA

Study area

Figure 1. Map of Can Gio area indicating the red rectangle of study area and location of AB cross section.
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Up to now, research on microplastic pollution is still very
limited, with only a few studies having been conducted and
summarized above. In particular, microplastic pollution was
detected on the beaches of Go Cong Dong and Vung Tau
districts [23] adjacent beaches in the southwest and northeast
of the coastal estuary of Can Gio district. In addition, micro-
plastics were also initially detected in sediment samples of the
tidal flats of the Saigon-Dong Nai estuary [26, 27] Tien, Ham
Luong and Co Chien rivers [24, 25]. This shows that the risk
of microplastic pollution in Saigon river water is very high
and Can Gio beach is also at risk of microplastic pollution
from industrial zones in Dong Nai, Binh Duong, Long An and
Ho Chi Minh City due to the Soai Rap River, Dong Tranh
River, Long Tau River, etc. transported to and accumulated in
the coastal estuary alluvial plains. With the natural potential of
the mangrove forest system in the coastal estuary area, Can
Gio has a great advantage in developing tourism and aqua-
culture.

Characteristics of natural conditions related to coastal
sediments

The Can Gio estuary is a small part of the coastal estuary
system of the Dong Nai River. This is a low-lying area with a
dense system of canals and streams, strongly influenced by
the tidal regime of the East Sea. Can Gio district has a basin
shape in the central area, with an average elevation of 0.0 - 1.5
m. The coastal area has a high relief due to the foundation
being made of ancient sand dunes, the riverside area has a
high elevation due to the formation of sediments of river and
sea origin. Can Gio has a dense network of rivers and streams,
intertwined with large rivers such as Long Tau, Cai Mep. Go
Gia, Thi Vai (Northeast) and Soai Rap, Dong Tranh rivers
(Southwest); These rivers are all the gateways to the city's
waterways with neighboring provinces and are part of the
international shipping route connecting Saigon Port with the
inland and international. The climate and hydrological char-
acteristics summarized below are related to the assessment of
the origin, transport and accumulation of microplastics in the
coastal estuary of Can Gio district.

Monsoon regime with 2 main wind directions: Northeast
and Southwest:

- Summer monsoon: The prevailing wind is the Southwest
monsoon, blowing strongly in May - October, with an average
speed of 3 - 5 m/s, affecting from the Southwest to the West -
Southwest, the wind blowing from the sea carries a lot of
moisture, often accompanied by heavy rain, and increases the
flow of fresh water flowing into the sea and causing flooding
at the source.

- Winter monsoon: Blows strongly from November to April
of the following year, the prevailing wind is the Northeast
wind, with an average speed of 1 - 3 m/s. This wind direction
combined with the tide increases the ability of the tide to
penetrate deep into the fields, and the weather is dry. From
December, the prevailing wind is from the North to the
Northeast, with an average speed of level 2, and the weather is
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dry. In January - February, the wind blows from the Northeast
to the Southeast, with an average speed of level 3 - 4. In
March - April, the main wind direction is from the East to the
Southeast, with an average speed of level 3 - 4. The wind
speed during the year does not exceed level 7, and there are
not many strong winds, level 5 winds often occur in the
months of January - April. There are almost no storms, but
they are often affected by East Sea storms in the months of
November to January of the following year.

Tidal regime

Can Gio is located close to the East Sea coast, so the in-
fluence of the Southeast Sea regime is semi-diurnal and has
the following characteristics:

- During the day and night, the water level rises and falls
twice, forming 2 peaks and 2 troughs of uneven height, in
which the peak tide differs by 0.2 - 0.4 m and the trough tide
differs by a larger amount of about 1.0 - 2.5 m.

- The daily tidal amplitude is about 2.9 - 3.4 m. In many
years, it has reached 4.0 - 4.1 m. A tidal amplitude fluctuates
with a period of about 12.4 hours, the day-night cycle is about
24.8 hours.

- In a month, there are 2 tidal cycles, each cycle lasts about
half a month. In a half-month cycle, there are 3-5 days of
strong tides called high tides, then the tide gradually decreases
for 5-6 days, followed by 3-5 days of strong tides at 2 times
after the full moon and new moon for 2-3 days.

During the year, the strong tides are from November to
January, the highest peak water level reaches 4.1 m, the
weakest tides are in June and July, the lowest peak water level
is 0.2 m.

Morphologically, the coastal area of Can Gio district is
low-lying except for the coastal sand dunes. The terrain has a
common elevation of 0.4-1.6 m, divided into sand dunes with
an elevation of about 1.8-3.0 m running parallel to the coast in
Dong Hoa, Long Hoa communes and Can Thanh town.
Mangrove swamps occupy most of the area of Can Gio district.
This is a low-lying area with an elevation of about 0.4-0.6 m,
with a dense tidal system, flooded at high tide and exposed at
low tide. Mangrove swamps are found from behind the tidal
flats and/or current coastal sand dunes, spreading to the North.
The sediments of the mangrove swamps are mainly composed
of clay-silt, about 0.7-1.0 m thick, containing many plant
remains and the lower limit is sand, silt-sand or clay-silt
sediments of the tidal flats. The main grain size composition
includes 80 - 85%, clay - silt, 6 - 14% fine sand and 10 - 22%
organic matter. The species of Rhizophora sp., Avicennia sp.,
and Nippa fruticant are typical of coastal mangrove forests.
Tidal flats are newly formed land along the current coast due
to the deposition of sediments from river and sea alluvium. In
Can Gio district, tidal flats are formed and developed, in-
cluding coastal tidal flats and newly emerged sandbars or
submerged sandbars in coastal estuaries. In terms of mor-
phology and origin, tidal flats include: inter-tidal flats (also
known as alluvial flats) and sub-tidal flats (sub-tidal flats or
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submerged alluvial flats) distributed from the coast to a depth
of about -3 or -5 m. The tidal flat is the place that is flooded
with sea water when the tide is high and exposed when the
tide is at its lowest, extending from the shore to a depth of
about -2.5 m to -2.8 m, the submerged alluvial flat is always
below sea level at low tide. Depending on the formation
characteristics at different locations, the coastal tidal flat of
Can Gio district often has a width ranging from 2.5 to 4.5 km
and is characterized by sand, sandy clay and clay - silt.

The coastal tidal flat is distributed along the length of Can
Gio district from Dong Hoa commune to Can Thanh town,
about 15 km long. The tidal flat is a place where topography
and geomorphology frequently change. Depending on the
distribution location and formation conditions, the grain size
composition of the tidal flat can be clay - silt or sand - silt and
sand, showing the physical conditions at different locations.
In addition, at the same location, the grain size composition is
affected by the monsoon regime and can change according to
the rainy and dry seasons of the year. Muddy tidal flats often
occur in low-energy coastlines sheltered by sand bars or
seaward headlands or deep depressions behind sand bars.
Muddy tidal flat sediments in the area are composed of silty
clay, greenish-gray sandy clay, parallel-layered structure,
containing many shells, organic matter and traces of biologi-
cal activities.

3. Materials and Methods

3.1. Field Survey and Sampling

Field survey, collection of documents, data and drilling to
collect sediment samples from tidal flats in the study area. The
study to determine the content of microplastics in tidal flat
sediments was conducted in sediment samples from drill cores,
excavations and tidal flat surface samples. These sediment
samples were also taken from sediment samples of 22 shallow
boreholes (CG1, 2, 3... 29) and 15 excavations (HD 1, 2... 17)
and tidal flat surface samples with appropriate sampling
methods and tools and ensuring that microplastics are not
contaminated from the outside into the sample as follows:

- Borehole: core samples were taken using a steel tube with
a diameter of 69 mm, samples were taken intact along the
entire length of 2 m / borehole to study sediment structure and
analyze microplastic particles.

- Excavation pits: each pit is 1.0 x 0.8 x 1.0 meters in size,
describing sediment characteristics including sediment com-
position, structure, color, shells, organic matter, etc. and then
taking sediment samples contained in a box.

- Samples on the surface of the tidal flat: using a river
bottom sediment sampling device (KS-type sediment Sampler
manufactured by Rigo Co. Ltd. Japan) made of stainless steel,
using a spoon to collect the entire sediment layer of about 10 -
18 cm. Put the sample in a tin box prepared in the laboratory
and store it in a sample container. A total of 46 samples were
collected. Samples were taken twice in the rainy and sunny
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seasons to assess seasonal fluctuations. Based on the inher-
itance of existing documents, within the scope of this topic,
the volume of boreholes, excavations and analyzed samples is
as follows:

- 22 boreholes (diameter 69 mm; depth 2.0 m);

- 15 excavations (1.0 x 0.8 x 1.0 m);

- 46 tidal surface sediment samples;

The core and excavation samples were cut, sediment
characteristics were described, and cross-sections of the
boreholes and excavations were established; Samples with
clay and silty clay components were cut 2cm/sample; and 4-5
cm/sample with sand and silty-sand components.

3.2. Laboratory Analysis

Particle size analysis: 250 samples;

Microplastic analysis (< 1mm — 2.5 micrometers):

The principle of ensuring cross-contamination was strictly
followed with gloves, blouses, and instrument rinsing applied
to all microplastic isolation and analysis.

The process of analyzing and evaluating microplastics in-
cludes two steps: observing under a stereoscopic microscope
and determining the nature of microplastics. The observation
and identification of microplastics are performed under a
stereoscopic microscope (Olympus SZX2-TR30, magnifica-
tion: 300 times). A random number of approximately 20% of
the observed objects and representative of the sample popu-
lation will be selected to evaluate the nature of the character-
istics.

Microplastic analysis by stereomicroscope:

- Isolation of microplastics: separation, filtration, oxidation,
drying: 250 samples;

- Analysis of microplastic composition: 250 samples;

- Analysis of microplastic shape and size under microscope:
250 samples;

- Testing to determine the characteristics of microplastics
by scanning electron microscope (SEM-EDX): 50 samples.

Shape, size, color:

- Particles are about 0.09 - 0.95mm in size, commonly: 0.3 -
0.6mm. Beads are black, brown, blue.

- Fragments are 0.2 — 0.97 mm in size, commonly: 0.35 —
0.90 mm. Fragments are black, blue, opaque white, brown.

- Fibers are 0.4 — 0.9 mm in size, commonly: 0.7 — 1.0 mm.
Fibers are black, blue, brown.

- Thin films are 0.06 — 1.0 mm in size. Thin films are
brown.

4. Results and Discussion
4.1. Sedimentary Environment of Sub- to

Intertidal Flat

Based on the sediment characteristics, the results of the
analysis of grain size and diatom species, the sedimentary
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environment of 22 drill cores and 15 excavation pits was
determined. The main composition of sedimentary materials
is sand, light gray, dark gray sand-clay containing organic
matter and shellfish shells, the typical sedimentary structure is
parallel and interrupted parallel layering. Some places are
characterized by clay, dark gray-green clay-silt containing a
lot of organic matter and light gray clay-sand layer. The spe-
cies of diatoms show that the saltwater plankton group is still
abundant, the brackish water group and the saltwater-brackish
water group have increased significantly. The increase in sand
content and the rhythmic structures characteristic of tidal
impact along with the change in ecological groups of diatoms
show that this sediment was formed in the tidal flat environ-
ment. The results show that the sediments belong to the in-
tertidal zone and are divided into two parts: upper and lower. -
The upper part of the intertidal zone, about 1.0-1.3 m thick, is
mainly composed of sand, sand-clay distributed mostly along
the coast from Can Thanh town to Long Hoa commune and
the east of Dong Hai commune; and has clay, clay-silt com-
ponents in the Soai Rap estuary area of Ly Nhon commune
and the west of Dong Hoa commune. - The lower part of the

intertidal zone often appears at a depth of 1.0-1.3 m in the core.

The excavations have the intertidal zone sedimentary envi-
ronment - belonging to the upper part, the lower part of the
intertidal zone is not found as in the cores in the study area.
Based on the sediment characteristics, the results of the
analysis of the grain size composition and the species of dia-
toms in the sedimentary environment are determined. The
results showed that the borehole sedimentary environment
was intertidal zone sediment, and was divided into the upper
intertidal zone part appearing from the surface to a depth of
about 1.0-1.3 m in the bore cores, and the lower intertidal zone
part often found at the bottom of the bore core from 1.0-1.3 m
to 2.0 m.

4.2. Distribution of Microplastics in the
Sediment Column of Drill Cores

The results of the study of borehole and excavation sedi-
ments show that the intertidal zone sedimentary environment
appears in 22 shallow boreholes and 15 excavations in the

coastal estuarine alluvium of Can Gio district. The typical
composition is sand, sand-silt, clay and clay-silt in light gray,
light gray, bluish gray, the typical sedimentary structure is
parallel and interrupted parallel, often containing organic
materials and snail shells. Intertidal zone sediments are di-
vided into 2 upper and lower parts in the drill core. The upper
part is usually about 1.0-1.3 m thick at the top of the drill core
and forms the intertidal zone surface sediment layer, and the
lower intertidal zone is usually found from 1.0-1.3mt0 2.0 m
in the drill core. The intertidal sedimentary environment is
divided into two parts: the upper part and the lower part as
follows:

The upper part of the intertidal flat, about 1.0-1.3 m thick,
mainly composed of sand, sand-clay distributed mostly along
the coast from Can Thanh town, Long Tau and Thi Vai river
mouths to Long Hoa commune, from the coast extending
about 500-550 m towards the sea. Sediments with clay,
clay-silt components often appear in low-lying tidal creeks,
about 40-80 m wide. In addition, clay, clay-silt components
are typical in the Soai Rap and Dong Tranh estuaries of Ly
Nhon commune and the southwest of Long Hoa commune. In
this sediment, microplastics are often found in sand, sand-silt
and not in clay, clay-silt, which will be described in detail in
the next section.

The lower part of the intertidal flat often appears from a
depth of 1.0-1.3 mto 2.0 m in the drill core. The lower part of
the intertidal flat sediments is affected by currents, tides and
flooding time more than the upper part of the intertidal flats.
The sediment material is usually coarse and the sediment
structure is parallel-layered and lens-like. Microplastics are
absent in these sediments and are described in detail in the
next section. The research results show that the microplastic
content is from 0.0 - 300 MPs/ 1000 g of dry sediment ana-
lyzed in 2022 and 2023. In the core sediment column, mi-
croplastics are often found from 0.0 m to 0.6 m, the highest
value is usually at a depth of 0.0 to 0.4 m, very little at a depth
of 0.5 to 0.6 m and microplastics are absent from 0.7 to 2.0 m.
Changes in microplastic content in typical vertical direction in
03 drill cores CG3, CG10, CG12 and 02 excavation holes
HDO1 and HDO6 (Table 1).

Table 1. Changes in microplastic content with depth from boring cores, excavations.

Sample code / depth (m)

CG3-0,1
CG3-0,2
CG3-0,3
CG3-0,4
CG3-0,5

oo 0o A WN

CG3-0,7
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Microplastic content (MPs/ 1000g dry sediment)

120
100
260
240
180
50
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No. Sample code / depth (m) Microplastic content (MPs/ 1000g dry sediment)
7 CG3-1,0 10

8 CG3-1,3 0

9 CG3-1,6 0

10 CG3-1,8 0

11 CG3-2,0 0

No. Sample code / depth (m) Microplastic content (MPs/ 1000g dry sediment)
1 CG10-0,2 10

2 CG10-0,35 15

3 CG10-0,5 120

4 CG10-0,7 80

5 CG10-1,0 0

6 CG10-1,2 0

7 CG10-14 0

8 CG10-1,7 0

9 CG10-2,0 0

No. Sample code / depth (m) Microplastic content (MPs/ 1000g dry sediment)
1 CG12-0,1 0

2 CG12-0,2 220

3 CG12-0,3 60

4 CG12-0,4 160

5 CG12-0,5 180

6 CG12-0,7 0

7 CG12-1,0 0

8 CG12-1,3 0

9 CG12-1,5 0

10 CG12-1,8 0

11 CG12-2,0 0

No. Sample code / depth (m) Microplastic content (MPs/ 1000g dry sediment)
1 HDO01-0,1 160

2 HDO01-0,2 210

3 HDO01-0,3 250

4 HDO01-0,5 80

5 HDO01-0,7 40
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No. Sample code / depth (m)

6 HDO01-1,0 0
No. Sample code / depth (m)

1 HDO06-0,1 120
2 HD06-0,2 110
3 HDO06-0,3 150
4 HDO06-0,4 80
5 HDO06-0,6 0

6 HDO06-1,0 0

4.3. Spatial Distribution of Microplastics in
Sediments

The distribution of microplastics along the cross-section
from the shore to the sea to about 400-480 m was determined,
and can be divided into 3 sections near the shore, in the middle
and far from the shore as follows:

Near the shore section, from the shore to about 50-80 m, no
microplastics were found or the microplastic content was
negligible. This is a relatively high terrain wave zone.

Middle section, from 50-80 m to about 480 m, microplas-
tics were found quite commonly, in which the content was
often low or absent in the clayey, clayey-silty sediments and
the outermost section about 480 m. The microplastic content
of surface sediment samples is usually low at the inner and

Microplastic content (MPs/ 1000g dry sediment)

Microplastic content (MPs/ 1000g dry sediment)

outer edges of the AB cross section (Figure) indicating HD02,
GG1, GG2 and GG3 from shoreline to the sea at which the
surface samples of C3-1, C3-2 and C3-3 located the same
locations of CG1, CG2 and CG3 respectively. Microplastics
are approximately of 100-120 MPs/1000 g of dry sediment
(HD02 and CG3), while it is quite high, about 160-180
MPs/1000 g of dry sediment samples in the middle section
(CG1, CG2) that could be correspond with microplastic dis-
tributions on the beaches in Can Gio HCHC and Thanh Phu
district Ben Tre province [18, 23]. In addition, the micro-
plastic content increases in the rainy season, about 247-285
MPs/1000 g of dry sediment samples (C3-1, C3-2 and C3-3 in
October 2022) of which decreased to 120- 180 MPs/1000g
dry sediments of the same location samples CG1, CG2 and
CG3 in March 2022 (Table 2).

Table 2. Microplastic content in the boring cores and excavation sediments in AB cross section.

vo. Somoler Mes - samplel P o
Content

HDO02 CG1 C3-1

1 0,1 120 0,1 180 285

2 0,2 180 0,2 120

3 0,3 90 0,3 240

4 0,5 80 0,4 250

5 0,7 0 0,5 190

6 1,0 0 0,7 60

7 1,0 10

8 1,2 0

Sample/  MPs Sample / Sample/ MPs Sample /

depth (m) Content MPs depth (m) Content MPs
Content Content

CG2 C3-2 CG3 C3-3

0,1 160 265 0,1 120 247

0,2 180 0,2 100

0,3 260 0,3 260

0,4 190 0,4 240

0,5 110 0,5 180

0,7 40 0,7 50

1,0 10 10 10

1,15 0 1,3 0
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Sample /

No Sample/ MPs Sample/ MPs MPs
depth (m) Content depth (m) Content Content

9 1,6 0

10 2,0 0

11

In the boring cores and excavation pits, there is a quite high
of microplastic contents from 0,1- 0,7 m, about 110- 260
MPs/1000 g dry sediment (CG1, CG2, CG3 and HDO02) that
can compare to another boring cores and excavation pits in
this area.

The microplastic content in sediment samples often in-
creases in the rainy season compared to the dry season, which
is proportional to the flow rate of rivers in the rainy season.
Therefore, it is possible to preliminarily determine the origin
of microplastics in the coastal alluvial plains of Can Gio dis-
trict, which are greatly influenced by the two large rivers Soai
Rap and Dong Tranh in Can Gio district. Therefore, this result
indicates that household waste is also an important source of
microplastic pollution in the alluvial sediments of Can Gio
district.

The microplastic distribution is determined based on the
analysis results of 94 microplastic content samples in tidal flat
sediments, including 36 borehole sediment samples, 12 pit
sediment samples and 46 tidal flat surface sediment samples.
In the core and the pit, the top 2 sediment samples (depth
0.1-0.3 m) were used to determine the distribution of micro-
plastics in the tidal flat sediments, and the microplastic con-
tent in the surface sediment samples of the alluvial flats con-
tributed significantly to determining the distribution of mi-
croplastics and changed according to the rainy and sunny
seasons as follows:

- Microplastic content in the core: a total of 36 microplastic
content samples in 14 cores (sunny season, March 2022) and 4
cores (rainy season, October 2022) were synthesized. The
microplastic content in the top sediment of the core (depth
0.1-0.3 m) was used to determine the distribution of micro-
plastics in the surface layer of the tidal flat sediments.

- Microplastic content in the pit: a total of 12 microplastic
content samples in 4 pits (March 2022) and 2 pits (October
2022) were determined. Similar to the core, the microplastic
content of the two samples in the same excavation (from
0.0-0.3 m) was used to determine the distribution of micro-
plastics in the surface layer of tidal flat sediments.

- Microplastic content in the surface of tidal flat sediments:
a total of 46 microplastic content samples were analyzed, the
samples were usually about 8-15 cm thick, each location was
taken 1 sample, however, many samples were collected at the
same borehole location to compare changes in microplastic
content according to the rainy and dry seasons.

Sample/  MPs Sample/ Sample/  MPs sample /
depth (m) Content bl depth (m) Content MPs

P Content P Content
1,4 0 16 0
1,7 0 1,8 0
2,0 0 2,0 0
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The analysis results showed that the microplastic content
ranged from 0.0 - 300 microplastics / 1000 g of dry sediment
(MPs/1000 g). Microplastics were commonly found in fine
and medium sand sediments, less common in coarse sand,
silty sand and were absent or insignificant in clays and silty
clays.

Microplastics are commonly found in the form of fibers and
particles, less commonly in fragments, and very few or rare in
thin sheets. The results show that microplastics in the form of
particles and fibers are very common, less commonly in
fragments, and very few in thin sheets. Some characteristics
of the shape, size, and color of microplastics are as follows:

- Microplastic fibers are usually 0.4-1.0 mm in size, com-
monly 0.7-1.0 mm, fibers are usually black, blue, brown,
usually 40.75 - 70.50%

- Microplastic particles are usually 0.09-0.95 mm in size,
commonly 0.30-0.60 mm, particles are usually black, brown,
and blue. Particles are usually about 35.5-56.75%.

- Fragments are usually 0.2-0.97 mm in size, commonly
0.35-0.90 mm, fragments are black, blue, opaque white,
brown, usually around 0.0-27.50%

- Thin films are usually 0.06-1.0 mm in size, usually brown;
thin brown sheets are very rare, only appearing in some sam-
ples, 0.0-9.50%.

The research results show that fibrous and granular micro-
plastics are common, usually around 35.5-70.5% while
fragments are less common (0-27.5%) and thin sheets are very
rare. The microplastic distribution diagram shows that mi-
croplastics are quite concentrated in 2 alluvial areas in Can
Thanh town and the south of Long Hoa commune, and not
concentrated in the middle section of Can Thanh town near
30/4 beach. Both areas of microplastic concentration are lo-
cated near the Dong Tranh, Soai Rap and Thi Vai river mouths,
which suggests that they are related to the supply of micro-
plastics from residential, tourism and aquaculture activities. In
addition, the test results using the Fourier transform infrared
spectroscopy (FTIR) method showed that most of the detected
microplastics were mainly brown, black, blue and less often
opaque white. The two most commonly found types were
Polyethylene (PE) and polypropylene (PP). The initial char-
acteristics of the microplastic particles suggest that their
origin may be from residential, tourism and aquaculture ac-
tivities. Microplastics were not found at a depth of 0.7 - 2.0 m
in 22 boring cores in the study area. This shows that micro-
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plastics are commonly present in the intertidal sand sediments
from the surface to a depth of about 0.6 - 0.7 m. In addition, In
addition, four OSL samples analyzed at the depths of 0.4 - 0.6
m were dated 20 - 30 years ago. This result shows that human
activities recorded in intertidal sand sediments containing
microplastics are about 30 years old in the study area.

5. Conclusions

The research results have determined the distribution
characteristics and microplastic content in sediments in the
core column and on the surface of the coastal sediments in
the study area.

The research results show that microplastics have a con-
tent ranging from non-existent to moderate (0.0 - 300 MPs/
1000 g dry sediment) in the tidal sediments of the coastal
estuary of Can Gio district. The vertical distribution of mi-
croplastics in tidal sediments of the cores and distribution
space were determined. Microplastics were found in sedi-
ments from the surface to a depth of about 0.6 m, with a
content of about 100-285 MPs / 1000 g dry sediment samples,
and microplastics did not appear from a depth of 0.6 to 2.0 m.
The OSL analysis results show that the age is about 20-30
years ago at a depth of 0.4-0.6 m. This shows that microplas-
tics have appeared in the tidal sediments of Can Gio district
in the past 30 years.

The content of microplastics in sediment samples often
increases in the rainy season compared to the dry season,
which is proportional to the flow rate of rivers in the rainy
season. Therefore, it is possible to preliminarily determine
the origin of microplastics in the coastal alluvial plains of
Can Gio district, which are greatly influenced by the two
large rivers Soai Rap and Dong Tranh in Can Gio district.
Therefore, this result indicates that household waste is also
an important source of microplastic pollution in the alluvial
sediments of Can Gio district.

Abbreviations

HCM City Ho Chi Minh City
CG1 Boring Core 1
HDO1 Excavation 1

C3-1 Surface Sample 3-1
MPs Microplastic Pieces
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