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Abstract. The estuary is an intermediate zone that receives water from various
sources before flowing into the sea. Over the past few decades, plastics from river
estuaries have contributed significantly to marine pollution, raising serious concerns
among scientists and authorities worldwide. However, data on plastic pollution in
river estuarine regions remain scarce. In Vietnam, the Day River estuary is one of
the largest river estuaries flowing into the sea. The results of the present study
provide new data on the density, characteristics, and distribution of microplastics in
both the surface water and sediments of the Day River estuary. This estuary is
heavily polluted with microplastics, with an average density of 564 + 551.6
microplastics/m3 in the water and 3,636.3 £ 750.6 microplastics/kg in the sediments.
The most common microplastic sizes ranged from 300 to 1,000 um. These
microplastics exhibit a wide range of colors, which can be classified into eight
distinct groups: black, blue, gray, green, purple, red, white, and yellow. Seven of
these groups (black, blue, gray, green, purple, red, and white) were found in the
sediments, while six groups (black, blue, purple, red, white, and yellow) were found
in the surface waters. Among these, white and black microplastics were the most
prevalent in both the surface waters and sediments of the study area. The study
results contribute to a more comprehensive understanding of microplastic pollution
in estuarine systems in Vietnam.

Keywords: estuary, microplastics, pollution, sediment, water.

128



New data on microplastics in the surface waters and sediments of the Day River estuary, Vietnam

1. Introduction

Microplastic pollution has become one of the most pressing environmental issues
worldwide. Its origin is linked to the production and consumption of plastic products.
Notably, global plastic production has been rising rapidly, from 348 million tons in 2017 to
368 million tons in 2019 [1]. A review indicated that over 8.3 billion tons of plastic were
produced and consumed globally between 1950 and 2021, and this amount is projected to
double by 2040 [2]. Annually, between 4.8 and 12.7 million tons of plastic enter the marine
environment [3]. In the natural environment, plastic is decomposed by various factors that
cause it to break into smaller fragments or fibers. These fragments or fibers are categorized
into four groups based on size: macro (> 25,000 pum), meso (> 5,000 - 25,000 pm), micro
(1-5,000 pum), and nano (< 1 um) [4], [5]. Microplastics, therefore, refer to plastic fragments
or fibers ranging from 1 to 5,000 pum in size. Due to their small size and low weight,
microplastics can be easily delivered throughout the environment, persist for extended
periods, and accumulate additional pollutants. The increasing accumulation of microplastics
has exacerbated environmental pollution. This pollution impacts living organisms, since
microplastics can enter the food chain and potentially harm human health [6], [7].

It is estimated that about 50% of plastic products are designed for single-use and are then
discarded into the environment. Only a small proportion of plastic waste has been recovered
and recycled. Previous studies have shown that plastic waste in Vietham constitutes about
10 - 12% of household solid waste. In 2019, approximately 2.6 to 2.8 million tons of plastic
waste were released into the environment in Vietnam, with an overwhelming portion ending
up in water bodies such as rivers, lakes, wetlands, river estuaries, and coastal zones [8].

To date, the origins, emission process, and distribution of microplastics remain
insufficiently understood. As a result, conducting a comprehensive assessment of
microplastic distribution in the environment remains a challenge. Some studies have shown
that up to 80% of plastic in seawater originates from land, and river estuaries are key hotspots
for the emission of microplastics from rivers into the ocean [9], [10]. Several studies on
microplastics in river estuaries have been conducted in various countries [11]-[17]. However,
research on microplastics in Vietnam has primarily focused on a few rivers and lakes within
urban areas or agricultural lands [18]-[20]. The issue of microplastic pollution in water and
sediment in river estuary regions of Vietnam still receives little attention from scientists and
authorities. Additionally, the country still lacks integrated data on the characteristics of
microplastics in both surface water and sediment within river estuaries. To address this gap,
this study was conducted in the Day River estuary region in northern Vietnam to identify the
presence and examine the characteristics (color, shape, and size) of microplastics in the water
and sediment of the study area.

2. Content
2.1. Materials and methods

2.1.1. Study area

The Day River estuary originates in Hoa Binh and flows through Hanoi, Ha Nam,
and Ninh Binh, eventually flowing into the sea in Ninh Binh Province, northern Vietnam.
This estuary plays a crucial role in supplying and regulating water resources for
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aquaculture and agriculture. In May 2024, we conducted a field trip just before the annual
rainy season to collect surface water and sediment samples from the Day River estuary.

Table 1. Co-ordinates of the five study sites

Study site Co-ordinate
SL1 19°54°26”N; 106°04°25”E
SL2 19°54°58”N; 106°04°25”E
SL3 19°54°46”N; 106°05°06”E
SL4 19°55°23”N; 106°06°11”E
SL5 19°54°21”N; 106°05°16”E

Annually, the estuary region maintains an average water volume, which may be
linked to the yearly average concentration of microplastics in both the water and sediment
environments in May. Water samples were collected from five selected sites (Table 1).
Sediment samples were collected from three sites (SL1, SL3, and SL5), which represent
sites on the riverbanks and the joining section between the river and sea (Figure 1).

Data Si NGA, GEBCO.
Im S

Figure 1. The sampling sites
(Background map was based on Google Earth Pro)
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2.1.2. Sampling and analysis

Sampling and analysis were conducted following Doan et al. (2021) [18], Doan et al.
(2023) [19], and Cao et al. (2024) [20]. The water samples from the five sites (SL1, SL2,
SL3, SL4, and SL5) were labeled CD1, CD2, CD3, CD4, and CD5. At each site, 50 liters
of surface water were collected at 40 cm depth below the river surface using an 80 pm
mesh plankton net (5 cm diameter) attached to a flowmeter (General Oceanics) to filter
and measure the water volume. Each filtered water sample was transferred to a 500 mL
glass bottle and stored at 4 °C until analysis. Sediment samples were taken from a depth
of 50 cm at three sites (SL1, SL3, and SL5) and labeled CD6, CD7, and CD8. At each
selected site, five sampling spots, approximately 100 m apart from each other, were
chosen to collect one kilogram of sediment from each spot using a sediment sampler. The
five kilograms of sediment were mixed to obtain a one-kilogram representative sample,
which was then wrapped in aluminum foil for preservation and transported to the
laboratory for processing and analysis.

Each water sample was processed following the procedure outlined by Strady et al.
(2021) [21] and the recommendations of GESAMP [22] to recover microplastics.
Specifically, the sample in the glass bottle was passed through a sieve with a mesh size
of 5 mm to separate larger particles. The wastewater containing microplastics smaller
than 5 mm is retained in the 500 mL glass bottle and then treated with 1 gram of Sodium
Dodecyl Sulfate (SDS, Merck®) at 50 °C for 24 hours, followed by biozym SE (protease
and amylase) and biozym F (lipase) at 40 °C for 48 hours, and hydrogen peroxide (H20>
30%, Merck®) at 40 °C for 48 hours. After the treatment processes, the sample was
filtered through a sieve with a 250 um mesh size to remove plastic particles smaller than
250 pm. The plastic particles larger than 250 um were transferred into a clean glass
beaker. A saturated NaCl solution (1.18 g/mL) was used to float the microplastics, and
this step was repeated at least five times to ensure the complete recovery of microplastics
in the sample. Finally, the sample was filtered onto GF/A filter paper (pore size 1.6 um)
using a glass vacuum filter. The filter paper containing the microplastics was stored in
sterile glass Petri dishes until observation under a Leica S9 microscope, which was
connected to a camera and computer. The size, shape, and color of the microplastics were
recorded using LAS® software.

Each sediment sample was dried at 40 °C for 72 hours in a drying oven and then
ground into a fine powder. A ten-gram portion of the dried sediment was treated with a
250 mL beaker with the 30% H20. solution for 4 hours to remove the organic matter. The
subsequent steps (sieving, separating, and filtering) were performed following the same
procedure as for the water samples.

2.1.3. Microplastic observation

The microplastics were observed using a stereo microscope (Leica S9i) connected to
a camera. The observed microplastics were identified based on their criteria following
GESAMP [22] and Hidalgo-Ruz et al. (2012) [23]. The shape of the microplastics was
classified as fragments and fibers. The color of the microplastics was also determined
from observation using the Leica S9i stereo microscope. The size of the microplastics
was measured using the LASX® software. In the present study, microplastics were
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defined as fibers and fragments when their lengths were in the range of 300 - 5000 pm
and 45,000 - 2.1 million pm, respectively.

2.2. Results and discussion
2.2.1. Microplastic density

Microplastics were detected in all samples collected from the study area. In surface
water, microplastic density ranged from 200 microplastics/m? to 1,540 microplastics/m3.
The highest density was found in the sample CD1, with 1,540 microplastics/m3, while the
lowest appeared in the sample CD5, with 200 microplastics/m3. In sediments, the highest
microplastic density was found in the sample CD6 (4,400 microplastics/kg), and the
lowest appeared in the sample CD8 (2,900 microplastics/kg). The variations in
microplastic density across the sampling sites were likely influenced by several factors,
including the differing amounts of plastic waste in the environment and the accumulation
of microplastics over time and across space (Figures 2, 3) [20].
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Figure 2. The microplastic density in water
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Figure 3. The microplastic density in sediment.
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The high microplastic densities in samples CD1 and CD6 suggest that the Day River
discharges a vast amount of microplastics into the sea. Both the water sample CD1 and
the sediment sample CD6 were collected at the same site, where water from different
sources converged before flowing into the sea. The microplastic density recorded in this
study was considerably lower than that reported in a previous publication, which recorded
plastic densities only in the surface water downstream [18].

The average microplastic density in the water at the Day River estuary was 564 +
551.6 microplastics/m3, which is notably higher than that in the estuaries of other rivers
in Vietnam, including Thuan An (35 - 175 microplastics/m3) [24], Dinh (28.4
microplastics/m3) [21], and Bach Dang (3.42 microplastics/m3) [25]. It is also higher than
that in many river estuaries around the world, such as the Chao Phraya River in Thailand
(48 + 8 microplastics/m3) [26], the Lawrence River in Canada (120.7 + 42.2
microplastics/m3) [11], Delaware Bay in the USA (0.34 + 0.8 microplastics/m?) [15],
Muttukadu in India (2.75 = 1.80 microplastics/m3) [27], Goiana in Brazil (0.26
microplastics/m3) [28], and the Tamar River in the UK (0.028 microplastics/m?) [29].
However, this density is much lower compared to that recorded in the estuaries of several
rivers, including the Yangtze River in China (4,137.3 £ 2,461.5 microplastics/m3) [30],
the Magallana River in Argentina (16,000 microplastics/m3) [31], and the Nile River in
Egypt (3,760 £ 1,100 microplastics/m3) [32]. The high microplastic density observed here
is likely directly related to the river’s capacity to receive waste from human activities [33].
In the Day River estuary, the source of microplastic pollution may be linked to plastic
waste from local agricultural activities, such as aquaculture and rice farming [20].

The results of the present study indicated that the Day River estuary accumulates a
large amount of microplastics in its sediments, with an average density of 3,636.3 + 750.6
microplastics/kg. This density is much higher than that in the estuaries of other rivers,
including Benoa Bay in Indonesia (31.08 £ 21.53 microplastics/kg) [34], the Thames
(118.9 microplastics/kg), Medway (168.4 microplastics/kg), and Blackwater (48
microplastics/kg) in the UK [35], and Muttukadu in India (3.15 + 1.81 microplastics/kg) [27].
The recorded microplastic density in the sediments is higher than that in the surface water,
which is consistent with observations in the Thuan An River estuary [24]. However, this
differs considerably from records in the estuaries of two other rivers in China, the Yangtze
and Haihe rivers [30], [36], where the microplastic density in sediments is lower than in
surface water. This suggests that the deposition of microplastics in sediments or their
suspension in the water column is a complex process, influenced by various factors such
as the characteristics of the microplastics, river flow rates, and other environmental
conditions [37].

2.2.2. Shapes, colors, and sizes of the observed microplastics

Fibers and fragments were the two types of microplastics observed in the study
samples. Among these, fiber microplastics were dominant in both the water and sediment
samples. In total, 235 microplastics were observed across both water and sediment
samples, with only three microplastic fragments found in all the samples. Remarkably,
almost all the microplastics observed were fibers, and the fragments were only present in
the sediment samples from the study region. The proportion of fiber microplastics in the
Day River estuary is similar to that reported in other studies worldwide [12], [13], [30], [32].
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Numerous studies have shown that fiber microplastics are found in bivalve species, which
partially demonstrates the harmful impact of microplastics on organisms within the
material cycle [38], [39].

The fiber microplastics observed in this study varied widely in size, with an average
size of 851.4 + 113.8 pum in surface water and 1,044 + 78.1 um in sediment (Figures 4, 5).
Almost all of the observed microplastics were smaller than 1,000 pum. These size

distributions and proportions are similar to those reported in a previous study by Doan et al.
(2021) [18].
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Figure 4. The size distribution of microplastics in surface water
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Figure 5. The size distribution of microplastics in sediment
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Sunil et al. (2024) found that microplastics smaller than 1,000 um accounted for 75%
of the total microplastics observed in the coastal belt of the Arabian Sea [12]. The sizes
and distribution of microplastics in this study are similar to those reported in several
previous studies worldwide [11], [14], [31], [34]. Smaller microplastics tend to move
more quickly in water and air [40]. The increasing presence of small microplastics in the
environment raises concerns about their potential accumulation in the food chain [41], [42].

The microplastics in the studied water and sediment samples were classified into
eight color groups: black, blue, gray, green, purple, red, white, and yellow. Seven of these
color groups were found in the sediment, while only six were observed in the water
(Figures 6, 7). These findings suggest that white plastic products are most commonly used
in the Day River estuary region.
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The distribution of microplastic colors in water and sediment varied between the two
environments. However, in both water and sediment, white microplastics constituted the
largest proportion compared to other colors, accounting for 72.9% in water samples and
57.1% in sediment. Black microplastics were the second most common, making up 19.4%
in water and 21% in sediment. The color of microplastics may pose a threat to aquatic
species, as brightly colored plastics are often mistaken for food [43]. When microplastics
are ingested by organisms, they can cause harm to the organisms and, through the food
chain, affect higher trophic levels via biomagnification. This increases the risk of harm to
aquatic ecosystems, the environment, and human health [6], [7].

3. Conclusions

River estuaries are key regions for understanding the causes and extent of
microplastic pollution entering the oceans via rivers from human activities, including
manufacturing and rice farming. This study provides the first data on microplastic
pollution in both surface waters and sediments of the Day River estuary region. The
current microplastic pollution in the Day River estuary region may impact the local
ecosystem and human health. Therefore, further studies are needed to assess the risks of
microplastic pollution in the Day River estuary, which will be crucial for the management
and conservation of this river estuary ecosystem.
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