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1. Introduction

Plastics, including microplastics, are synthetic polymers created through the polymerisation of petroleum-
derived monomers and moulded to meet the precise demands of their applications across various sectors. The
global plastic production trend has generally increased from 1950 to 2023. The global production was only 2
million tons per year in the 1950s. However, by 2019, after nearly 70 years, annual production had grown steadily
to about 230 million tons, peaking at 460 million tons and continuing to increase until 2023 [1]. Plastic products
are increasingly popular and produced with outstanding properties such as durability, chemical inertness, good
abrasion resistance, light weight, and convenience [2]. Plastic waste is mainly generated from large cities and
densely populated areas. Plastic waste generated from wastewater treatment systems, urban drainage systems,
tourist areas, entertainment areas, and inland areas can flow into the sea through rivers [3]. People living in
residential areas near rivers, estuaries, and regions lacking operative waste management systems often dispose of
plastic waste directly into the environment, thus contributing significantly to plastic pollution. According to some
studies in 192 coastal cities, it was reported that each year, 4.8 to 12.7 million tons are directly dumped into the
marine environment [4,5]. Plastic bags and small pieces of plastic generated from daily activities, littered on the
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streets, sidewalks, or improperly disposed of in landfills, will be washed away by the city’s drainage system into
rivers during heavy rains. Eventually, these plastic wastes will be carried to the sea, where they are most likely to
be contained. Plastics have been documented to persist in the environment for hundreds to thousands of years.
Disposing of plastic waste is a complex process, and most plastic waste is handled by traditional methods, such as
recycling and landfilling.

Polyethylene terephthalate (PET), polyethylene (PE), polypropylene (PP), polyvinyl chloride (PVC),
polystyrene (PS), and polyurethane (PUR) are the most widely produced polymers, accounting for approximately
92% of total global plastic production [1]. However, the wide range of physicochemical properties of plastics plays
a key role in determining their everyday applications and environmental behavior. For instance, plastics like PET,
PVC, and nylon sink in water, whereas PS, PP, and PE are more buoyant and typically float to the surface.
Biofouling and environmental exposure can alter these original buoyancy characteristics, leading to shifts in how
plastics are distributed across different ecosystems [6]. Furthermore, to enhance plasticity, color, flame retardancy,
and UV resistance, organic or inorganic flavors are added to plastics. These additives, which may be present in
significant proportions by weight, tend to migrate with the plastics from which they are made [7]. Gradually, this
plastic waste, under the influence of solar radiation, waves, wind, or other environmental impacts, decomposes
into microscopic pieces called secondary microplastics [8]. In addition, another type is primary microplastics,
which are used in manufacturing, industry, agriculture, and daily life with a size usually less than Smm, including
particles in cosmetics, hair care, detergents, clothing, and pesticides [2,9]. Microplastics are ubiquitous, persistent,
and can bioaccumulate in living organisms, posing a significant threat to aquatic ecosystems [10]. Research on
zooplankton has indicated that microplastics negatively impact their health and metabolic processes, primarily
because zooplankton often mistake these small (1-5 mm), dark-colored particles for food [11]. Plastic waste in the
form of long, thin fibers is present at various depths in the water column, making it easy for them to entangle fish
and sea turtles, which can result in death or serious injury [12]. For microplastic and nanoplastic waste, the size of
microplastics and nanoplastics is tiny, facilitating their entry into the food chain of organisms in rivers and seas,
such as zooplankton, invertebrates, echinoderm larvae, seabirds, fish, and crustaceans, accumulating over time,
from which humans will indirectly absorb them, seriously affecting health. With hydrophobic and persistent
properties, the accumulation of microplastics when entering the body has been shown to cause liver stiffness,
granuloma formation, chronic pneumonia or bronchitis, pneumothorax, bronchial reactions, changes in gut
microbiota composition and metabolism, respiratory tract damage, and cognitive impairment [13—15].

In Vietnam, rapid urbanization and increased consumer demand have resulted in the production and disposal
of plastic products exceeding the capacity of systems to handle and control them. It is estimated to contribute
approximately 0.28—0.73 million tons of plastic waste to the ocean each year [16]. However, comprehensive
overview studies on microplastic pollution in river basins in Vietnam are still very restricted, especially on the
potential impact on water resources. This reduces the ability to assess pollution trends over time and quantify the
flow of microplastics from freshwater systems into the marine environment. Studies in Vietnam have used different
sampling methods, digestion techniques, and identification methods, making it difficult to compare results between
studies. Furthermore, current studies only provide a limited understanding of the spatial distribution of
microplastics in Vietnam, and studies on microplastic pollution in mangrove ecosystems are still very few despite
their ecological importance. Therefore, this paper will comprehensively review the current status of microplastic
pollution in river basins in Vietnam. At the same time, based on global studies, it is possible to compare and assess
more broadly the impact of microplastics on water quality and ecosystems. After that, there is a general overview
basis, contributing to support urgent needs in microplastic pollution, such as planning effective waste management,
improving management capacity, improving community education, and standardizing research methods in
subsequent studies.

The methodology of this study was based on a literature search using major academic databases, including
Scopus, Web of Science, and Google Scholar, using a combination of keywords such as “microplastics”, “plastic
pollution”, “Vietnam”, “world”, “global”, “river”, “river basin”, “surfacewater”, “estuary”, “concentration”, etc.
The initial group of articles was then screened, and final inclusion was determined based on three main criteria:
relevance, scientific credibility, and novelty. Relevance was the criterion to ensure that all included studies were
directly relevant to the scope of the review, which included (a) quantitative or qualitative assessment of
microplastic pollution (including quantity, distribution, and composition) in river basins in Vietnam, including
surface water, sediments, and/or Aquatic organisms; and (b) provide essential global or regional context (e.g.,
major international river studies, global pollution summaries) to enable the comparisons required by this review.
Scientific credibility means that the articles are peer-reviewed by reputable scientific journals. Credibility is further
assessed on the basis of methodological rigor. Priority is given to studies that provide clear and reproducible
methodologies for (a) sample collection, (b) microplastic extraction and separation (e.g., density fractionation,
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filtration), and (c) polymer identification. Studies that go beyond simple visual classification and confirm polymer
types using analytical techniques, such as Fourier transform infrared spectroscopy (FTIR), Raman spectroscopy,
or pyrolysis gas chromatography/mass spectrometry (Py-GC/MS), are considered to be of high credibility. At the
same time, microplastics research is a rapidly evolving field, with methodologies and reported concentrations
changing significantly over the past decade. Therefore, this study focused on novelty to ensure that the review
reflected the current state of knowledge. The search focused primarily on studies published within the last 10 years.
Foundational or groundbreaking studies that were widely cited from earlier periods were only included if they
provided essential historical context or established a core concept.

2. Microplastic Pollution in Vietnam

Recent studies on plastic and microplastic pollution have primarily focused on their presence in various
environments, including surface water, sediments, and sand [17-21]. Additionally, studies have investigated
bivalve mollusks, farmed oysters, and fish to examine microplastic contamination in aquaculture organisms [22—
24]. Moreover, mangrove ecosystems inadvertently act as significant sinks for plastic waste, as debris becomes
trapped within roots and trunks, increasing pollution risks. These mangrove structures facilitate the physical
breakdown of plastic, which may potentially exacerbate microplastic contamination in surrounding environments
[25]. Therefore, below are the studies reviewed to contribute to understanding the level of microplastic pollution
and the risks to human health, organisms, and the environment. Figure 1 provides an overview of the microplastic
contamination situation in these studies.

2.1. Surface Water

Y et al. (2022) surveyed the microplastic contamination of a lake in Da Nang city. The study illustrates that
the density of microplastics ranged from 850—1300 microplastics/m* with six main color groups: white, blue,
green, red, black, and yellow. According to Y et al. (2022), fibrous microplastics and fragments were the most
prevalent, with fibrous microplastics mostly measuring under 2 mm in size, accounting for over 79% of the total
microplastics observed. Fragments comprised 98.5% of the total number of identified microplastics [26]. Lahens
et al. (2018) studied the Saigon River, where the concentration of fragmented microplastics, mainly PP and PE,
ranged from 172,000 to 519,000 pieces per cubic meter, and the content of fibrous PES ranged from 10 to 223
fibers per cubic meter [27]. In addition, Strady et al. (2020) investigated the changes in microplastic concentrations,
rainfall, monthly water flow, and physical-chemical water conditions in the Saigon River system across different
seasons. Monthly data for 6 to 12 months showed that the concentration of microplastic fibers ranged from 22 to
251 microplastics per liter, and the variation in microplastic concentrations was not related to rainfall or water
flow. However, the distribution of color and length showed monthly variations and was linked to changes in
sources and reservoirs [28]. In 2021, Strady and colleagues expanded their assessment of microplastic pollution in
eight provinces and cities in Vietnam by analyzing surface water at 21 locations. The results indicated that
microplastics in surface water ranged from 0.35 to 2522 pieces/m?, with rivers having the highest concentrations
and bays having the lowest. Fibrous microplastics were predominant compared to fragmented forms across most
studied environments, accounting for approximately 47% to 97% of the identified microplastics [19]. The study
demonstrates a relationship between microplastic concentrations and human activities. Thus, determining the
origin of microplastics is a near-term priority. In the Saigon River, the canals, and the Can Gio sea, the occurrence
and distribution of microplastics, as well as polycyclic aromatic hydrocarbons (PAHs), were investigated. This
study noted that microplastics were detected at all sampling points, with average concentrations in decreasing
order from 104.17 = 162.44 to 0.60 + 0.38 pieces/m? in canals, seas, and rivers, respectively. The three common
shapes of microplastics are fragments, fibers, and beads. A total of 13 polymers and copolymers were identified.
Total concentrations of PAHs associated with microplastics ranged from 232.71-6448.66 ng/g in the Can Gio sea
area, from 30.94-8940.99 ng/g in canals, and 432.95-3267.88 ng/g in the Saigon River [29]. Cham et al. (2021)
analyzed surface water samples from various beaches in Thanh Hoa and found microplastic concentrations ranging
from 15.5 to 44.1 microplastics per cubic meter, with fragmented microplastics accounting for approximately
50.2% to 80.2% of the total. The authors attributed these microplastics mainly to coastal waste discharged into
rivers and transported to estuarine areas. Additionally, domestic wastewater from coastal communities, as well as
fishing, aquaculture, and seafood processing activities, were identified as significant contributors to microplastic
contamination [30]. A more recent study directed by Cham’s group of researchers at the three most extensive
beaches in Thanh Hoa examined plastic waste and microplastics in surface water. They observed that debris
collected primarily originated from fishing vessels and styrofoam food containers, representing 98% of the total
waste. The maximum recorded microplastic concentration was 44.1 items/m3, with fragments identified as the
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dominant form, comprising approximately 61.4 + 14.3% of the collected microplastics. The authors concluded
that the distribution and buildup of microplastics are related to human activities and environmental dynamics [31].
The above studies suggest that variations in microplastic concentrations across river systems in Vietnam may
reflect differences in urbanization, waste treatment infrastructure, and flow intensity. For example, higher
concentrations reported in the Saigon River correspond to high population density and industrial discharge, while
lower concentrations in coastal Thanh Hoa are consistent with less urbanized areas. To facilitate a comprehensive

comparison of the findings discussed above, key data on microplastic pollution in surface water are summarized
in Table 1.
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Figure 1. Overview of the status of microplastic pollution in Vietnam.
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Table 1. A summary of the studies on surface water in Vietnam.

No Country Composition Concentration Reference
Shapes: fibres and fragments
A lake in Da Nang Sizes: <2 mm. . 3
! city Colors: White, blue, green, red, black, 850-1300 items/m [26]
yellow

Shapes: fibres and fragments
Sizes: 50-250 um (fibres) >500 um Fragments: 172,000—
2 Saigon River (fragments) 519,000 pieces/m? [27]
Colors: various colors Fibers: 10-223 fibers/m?
Types: PP, PE, PET

Rivers, lakes, bays,
and beaches of § Shapes: fibres and fragments
provinces in Sizes: Imm
Vietnam

0.35 to 2522 items/m? [19]

. . Canals: 104.17 = 162.44
Saigon River,

; Shapes: Fragments, Fibers, Beads. particles/m?
4 canals,S;an Gio Types: 3 polymers and copolymers River: 0.60 + 0.38 (291

particles/m?

. Shapes: Fragments.
5 Bea‘:helfk‘)g Thanh Sizes: >500 pum 15.5-44.1 items/m’ [30]
Colors: white, yellow, and black
3 major beaches in Shapes: Fragments . 5
6 Thanh Hoa Types: Styrofoam 44.1 items/m [31]
Shapes: fibers

7 Saigon River Sizes: 40-300 pm 22-251 items/liter [28]

Colors: blue, red, grey, back, and green

2.2. Sediments

Manh and colleagues examined the characteristics of microplastic pollution in Da Nang, reporting
concentrations ranging from 1460 to 29,232 particles/kilogram. The majority of these were polytetrafluoroethylene
(PTFE), ethylene vinyl alcohol (EVOH), and polyamide (PA) with a size smaller than 150 um [32]. Strady et al.
(2021) assessed microplastic pollution in eight provinces and cities in Vietnam by analyzing sediments at 21
locations, providing a baseline database to advance the consideration of microplastic pollution in Vietnam. Despite
the ecological importance of mangroves, research on microplastic contamination within these ecosystems remains
scarce. One study analyzing sediment cores from mangroves in northern Vietnam reported microplastic
concentrations ranging from 0 to 4941 particles/kg, including fibers, fragments, foams, and films. In the Red River
Delta, microplastics were present at depths of 0-50 cm, whereas in Tien Yen Bay, they were detected as deep as
50-65 cm [21]. A complementary investigation of sediment samples from mangrove forests in Hai Phong revealed
microplastic concentrations ranging from 0 to 3150 particles/kg, with microfibers accounting for approximately
80% of the total, followed by microfoams, microfragments, and microfilms. These concentrations were
significantly higher than those recorded at similar sites globally [25]. Overall, the transport of microplastics from
land to the coast is well documented for their accumulation in sediments, and further research is needed on how
these materials are distributed and concentrated along beaches and coastal areas.

2.3. Beach Sand and Coastal Debris

Bui et al. (2022) surveyed to assess and characterize microplastic pollution on Can Gio Island, Vietnam,
across both wet and dry seasons. Findings indicated that fishing-related marine debris was more prevalent during
the wet season, while single-use plastics declined, likely due to reduced tourism resulting from the COVID-19
pandemic. The study highlights the severity of marine debris pollution and offers valuable insights for strategies
aimed at managing and reducing marine waste [33]. In another study, Fruergaard and colleagues assessed the load,
structure, and origin of plastic waste at seven beaches in Nha Trang, Vietnam. The results showed that plastic
waste pieces larger than 2.0 cm in size, originating from fishing and aquaculture activities, accounted for 62% by
weight and 38% by number of the total 4754 pieces collected [34]. In 2022, Nguyen’s research group also
published a study on plastic waste on 14 beaches in Vietnam. The selected locations included tourist beaches,
ecological reserves, aquaculture areas, and fishing grounds. A total of 20,744 plastic waste samples (>2.5 cm) with
a total mass of 100,371.2 g were collected. The results show that most plastic waste samples collected were fishing
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gear and soft plastic pieces, accounting for 48.48% of the samples collected [29]. Generally, these findings indicate
that activities related to fishing, aquaculture, and tourism are the main sources of plastic waste on beaches and
coastal areas in Vietnam, highlighting the urgent need for integrated coastal management and waste reduction
strategies to further reduce marine pollution.

2.4. Biota (Aquatic organisms)

Do et al. (2022) analyzed microplastics in oysters cultivated in Da Nang Bay, revealing the presence of
microplastics in all oyster samples, with an average concentration of 18.54 + 10.08 particles/individual. Fragments
predominated, especially those smaller than 100 pum in size. Nylon was the most prevalent of the 15 polymer types
detected, comprising 50.56%. The primary forms of microplastics identified were fragments (73.71%), fibers
(25.84%), and beads (0.45%). The observed accumulation levels and polymer composition provide essential
baseline data for future research assessing the potential to human health [22]. Microplastics can also take up
persistent organic pollutants in water, accumulate, and cause harm to organisms exposed to them [35].
Polychlorinated biphenyls (PCBs) and PCB-related microplastics in clams and giant freshwater prawns were also
studied and compared. After a 28-day stress experiment, significant amounts of plastic were observed in the
organisms’ digestive systems. Additionally, microplastic-related PCB-153 had a substantial impact on the weight
gain of clams [36]. A 21-day exposure study on Daphnia magna assessed the effects of polyethylene microbeads
(PEMBs) and PCB-153-associated PEMB (PEMB-PCB). Results showed a time-dependent accumulation of
PEMB, with a greater survival risk observed under PEMB exposure compared to PEMB—PCB exposure. These
findings underscore the persistent ecological threat posed by microplastic pollution [37].

3. Around the World

Transitions and tides transport microplastics, ultimately accumulating in water bodies, sediments, or
organisms. In estuarine and coastal regions, their accumulation is further shaped by intense turbulence as well as
interactions with sediments and biological aggregates [38]. Additionally, the processes governing the fate and
transit of microplastics remain poorly understood, while they may endure for prolonged durations in nearshore
waters. Recent studies have shown that coastal ecosystems, particularly mangroves, are experiencing a decline in
their ecological productivity, posing significant risks to local communities due to exposure to microplastic
pollution [39,40]. Mangrove ecosystems frequently serve as primary reservoirs for plastic debris originating from
diverse sources [41]. Plastics often get entangled in the root and aerial systems of mangroves, hindering nutrient
uptake and negatively impacting mangrove growth and density [42—44]. Furthermore, plastic particles contribute
to eutrophication and increase water toxicity, negatively impacting aquatic flora and fauna, as well as the entire
food chain [45,46]. Macroplastic fragments sinking to the seafloor will form a thick layer that blocks a large
amount of light from reaching the sea, hindering the photosynthesis of underwater plants. Mangrove sediments
have been reported to harbor a higher number of microplastic-contaminated organisms than other environments
[47]. High microplastic concentrations in marine ecosystems can significantly modify the physicochemical
characteristics of sediments. According to Carson et al. (2011), microplastics increased sediment permeability and
reduced its capacity for heat absorption. These changes have critical implications for marine organisms; for
instance, sediment temperature directly influences the gender determination of turtle eggs, while increased
permeability may elevate the risk of desiccation for organisms inhabiting these sediments [48]. Shaw et al. (1994)
confirmed that plankton cannot distinguish between microplastics and food, and they often absorb white and light-
colored microplastics. Small-density plastics (polyethylene, polystyrene) adrift on the surface may be erroneously
identified as sustenance by plankton, including larvae of some commercially valuable species [49].

The increasing microplastic contamination in aquatic environments poses a substantial risk of microplastic
uptake by organisms, which is a growing concern. For instance, Ryan et al. (2009) identified plastic fragments in
the digestive systems of seabirds [50]. Similarly, research conducted by a Dutch team revealed that nearly 94% of
the bird specimens examined contained microplastics, with some individuals having as many as 34 plastic
fragments [51]. By slicing sardines caught in the central Pacific Ocean, about 35% of the samples contained
microplastics in their guts [52]. In another study, Davison and Asch (2011) found plastic fibers, beads, and sheets
in the stomachs of sardines from the North Pacific, with microplastics present in approximately 13 out of 141 fish
[53]. In the Clyde Sea near Scotland, microplastic ingestion was recorded in roughly 83% of Nephrops specimens
[54]. Plastic fibers, measuring approximately 1-15 pm in size, are easily mistaken for food by plankton. When
absorbed, these fibers tend to clump or knot, hindering the excretion of organisms [55]. About 60% of the 6000
plankton samples surveyed from 1986 to 2008 showed that plastic particles were detected [56]. The greatest
accumulation of plastic in organisms was found in the North Atlantic, with 80% of samples containing plastic
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debris, at a rate of 20,328 + 2324 pieces/km?. Another study that examined the amount of plastic waste in the
bodies of organisms in the Mediterranean Sea concluded that up to 58% of collected fish samples contained
microplastics [57]. Ingesting microplastics can harm organisms, inhibit their growth, reproduction, and survival,
causing an imbalance in the marine ecosystem’s food chain. This is particularly concerning due to the impact of
microplastic particles, which are so small that they cannot be seen with the naked eye and enter the food chain,
ultimately reaching humans as the final consumer. The study by Kohler (2010) found that plastic particles,
measuring 2—4 pm in size, are present in the bodies of humans. However, the translocation and presence of
microplastics in the human body do not cause death, but can lead to the formation of granulomas in the digestive
tract [58]. Many studies have shown that microplastic consumption can cause metabolic disorders, neurotoxicity,
and increased cancer risk [59,60]. On the other hand, plastic waste impacts the ecological environment and socio-
economic development, including the tourism industry, as this industry is highly dependent on the health of coastal
and marine ecosystems, as well as the beauty of the environment, which represents the largest source of
employment within the ocean economy. Marine debris on beaches can directly influence visitor behavior,
potentially deterring tourists and negatively impacting the economic stability of coastal communities that rely on
tourism revenues. According to recent studies, the frequency of tourists encountering and contacting plastic waste
on beaches is increasing [34]. Coastal litter is considered one of the main reasons why tourists spend less time or
do not return to these areas [61]. Several studies have demonstrated that plastic pollution can result in millions of
dollars in annual damage to the marine tourism industry, ranging from cleanup expenses to loss of tourism revenue
[62]. According to Beaumont et al. (2019) study assessing the global ecological, economic, and social impacts of
marine microplastics showed typical figures such as the loss or reduction of 1% to 5% of the services provided,
thereby causing a loss of up to 2500 billion dollars annually [61]. Conversely, tourism revenue could increase by
more than 32% with research in coastal tourist areas along the East China Sea when beach trash is cleaned up [63].
They also directly affect the physical well-being and mental health of tourists and resort staff [64]. In addition,
fishing and aquaculture also suffer severe consequences from plastic pollution, such as having to repair boats and
aquaculture facilities when plastic waste gets stuck in propellers or cooling systems [62,65]. The European Union
has to pay 65.7 million USD in total repair costs annually [66,67].

Besides harmful effects on the landscape, organisms, and the economy, plastic waste also poses
environmental risks due to the chemical additives that persist on its surface, such as polybrominated diphenyl
ethers, which are used to enhance heat resistance, nonylphenol, which serves as an antioxidant, and triclosan,
which is added to prevent biodegradation. These additives are considered potential hazards to organisms due to
their toxicity [68]. Incomplete polymerization during the plastic production process is a primary cause of additive
leakage. For example, phthalate additives help soften plastic, and in PVC plastic, phthalates can account for about
50% of the plastic mass [69]. Bisphenol, a primary monomer in the manufacture of polycarbonate plastics, is
extensively utilized in food and beverage packaging. Because of chemical instability, it exhibits a high propensity
to leach from discarded products in landfill sites, thereby contributing to environmental contamination [70]. When
animals ingest plastic waste containing surface additives, these substances can enter the food chain. Both additives
and monomers are recognised to disrupt the endocrine system, impair reproductive and developmental processes,
and elevate the risk of cancer in both wildlife and humans [71,72]. Exposure to these chemical additives can lead
to hormonal disruptions in organisms, trigger morphological changes, and even cause sex reversal in species such
as turtles. Phthalates, in particular, have been shown to impair the activity of invertebrates and fish, negatively
impacting reproductive processes and influencing sex determination in fish [73]. Bisphenol A is known to harm
the reproductive and developmental systems of various organisms. At elevated concentrations, Bisphenol A can
harm both crustaceans and insects. Prolonged exposure in humans causes cardiovascular disease, diabetes, and
hormonal imbalances [74]. Plastic waste pollution is expected to continue increasing and may become alarming
by 2025 [75]. Therefore, the environmental impact of plastics is substantial, primarily affecting organisms living
in aquatic environments, as well as humans and other species.

However, the reasonable production costs, lightweight nature, and convenient transportation of plastic goods
have contributed to the growth of plastic production over time, alongside economic development and population
growth [76]. In 2018, worldwide plastic output totalled roughly 359 million tonnes, with only about one-third of
that quantity being recycled or repurposed. The remaining two-thirds ended up as environmental waste [1]. In
2010, approximately 275 million tonnes of plastic waste were generated in 192 countries, with an estimated 4.8 to
12.7 million tonnes ultimately entering the ocean. In Bangkok, Thailand, the daily plastic waste increased from
2115 tons in 2019 to 3432 tons in 2020. Jambeck and colleagues examined improperly managed plastic garbage,
identifying the Philippines, China, Indonesia, and Vietnam as the most significant contributors to unmanaged and
marine plastic debris (measured in million tons per year). The study also examined how economic status, coastal
population, waste generation, and mismanagement influence plastic waste issues [16]. This plastic dumping
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significantly contributes to microplastic pollution in the ocean and mangrove regions, which are situated at the
interface between land and sea. Additionally, ocean waves tend to deposit microplastics along coastlines, so
increased plastic waste in the marine environment is likely to lead to higher future microplastic accumulation near
coastal areas.

When compared to observations from Vietnam, the reported concentrations are consistent with trends seen
in other developing coastal countries, such as Thailand, Indonesia, and the Philippines, where rapid urbanization
and inadequate solid waste management practices have increased plastic leakage into rivers. However, long-term
monitoring data from Vietnam are relatively scarce, limiting the ability to assess over time and quantify flows
from freshwater systems to the marine environment. In contrast, developed regions such as Europe and Japan have
more specific analytical procedures and data sets. In addition, studies from Vietnam have used different sampling
grid sizes, digestion methods, and particle identification techniques, which makes cross-comparison difficult and
may partly explain the large differences in reported results. Overall, these studies provide only a limited
understanding of the spatial distribution of microplastics. To improve data comparability and reliability, future
studies should employ standardized procedures, integrate hydrological and socioeconomic parameters, and
combine field surveys with modeling methods to estimate source-to-path relationships and assess downstream
locations, thereby obtaining the clearest correlation results and applying them to more feasible management
processes. Other research results on microplastics in rivers and seas can be observed in Table 2.

Table 2. Other studies on microplastics in rivers and seas.

No Country Composition Concentration Reference
. Shapes: fibres
j  RiodelaPlata estuary Sizes: >500 <1000 um. 139 pieces/m? [77]
(South America) ;
Colors: blue
Shapes: fibres .
Klang River estuary, Sizes: 30 to 1850 um. 0.50 to 1.75 particles/g or
2 . K from 0.25 to 0.88 [78]
Malaysia Colors: black articles/individual
Types: PE-PDM, Polyester P
Shapes: fiber and fragment.
Sizes: <500 um.
3 Red River Estuary, Colors: blue, white, and red. 800-3817 items per kg of 35]
Vietnam Types: polypropylene (PP), polyethylene (PE), dried weight
polyurethane (PU), polyamide (PA), and
polystyrene (PS).
Sizei?gf(’)ef(; ?ggg . 1.8-2.4 items/L in
4 Yangtze Delta area . Hm. freshwater bodies and 0.9 [79]
Colors: blue and red. . .
items/L in coastal water
Types: Polyester
Shapes: fiber.
Sizes: <3 mm.
Freshwater of 21 major Colors: white and black. 3
3 cities across China Types: polyethylene (PE), polyvinyl chloride 3302.6 n/m [80]
(PVC), polypropylene (PP), and polystyrene
(PS)
Shapes: filaments, rounded, and irregular shapes.
S SIZ?S: 100-5000 pm. 4.5-12 particles/L in water
Abu Dhabi Emirate, Colors: red and transparent.
6 . . . and2.5to 11.5 [81]
U.A.E. Types: acrylonitrile-butadiene-styrene (ABS), articles/100e in sediment
nylon 6,6 (PA66), cellulose acetate (CA), and P &
polyethylene terephthalate (PET)
Shapes: fragments, fibers, and spheres.
. . . Sizes: 630-5000 um.
7 Rhine-Main Area in Colors: non-colored, white, blue, and silver. 1 g/kg or 4000 particles/kg [82]
Germany .
Types: polyethylene, polypropylene, and
polystyrene
Southeast Asian region
(Chao Phraya River Shapes: fragments and fibers
8 (Thailand), Citarum River Sizes: 0.05-0.3 mm. 6-80 items/m? [83]
(Indonesia), and Saigon Types: polypropylene and polyethylene

River (Viet Nam))

4. Conclusions

In conclusion, microplastic pollution in rivers, lakes, ponds, coastal areas, and marine ecosystems is
becoming an alarming issue worldwide, including in Vietnam, which may impact the quality of the water
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resources. In Vietnam, many studies have described high concentrations and a wide variety of microplastics across
different environments. The primary bases of microplastic pollution in Vietnam include municipal waste,
wastewater discharge, and human activities related to living and production. Across the world, research has also
highlighted the negative impacts of microplastics, including their entry into food chains, which can harm wildlife
and pose risks to human health through contaminated food and water. These risks arise from high persistence,
tendency to bioaccumulate, and interaction with harmful chemical additives of microplastics. Furthermore,
microplastics significantly affect socio-economic aspects by diminishing the aesthetic value of the environment.
Due to the profound environmental, ecological, and socio-economic impacts, urgent action is required to manage
and mitigate plastic pollution. It is imperative to formulate efficient waste management plans, encompassing the
establishment of plastic waste collecting and sorting systems, as well as the development of sophisticated recycling
facilities and wastewater treatment plants equipped with microplastic filtration technologies. Secondly, it is
imperative to enhance public awareness through comprehensive educational activities incorporated into school
curriculum, mass media campaigns, and community projects like beach and river cleanups. These initiatives must
emphasize the effects of human activities on the environment and foster a culture of environmental responsibility
across all societal levels. Third, it is essential to enhance management capabilities, invest in training initiatives for
environmental officers, supply advanced analytical tools for microplastic detection, formulate standardized
monitoring protocols, and fortify the legal framework by instituting explicit discharge requirements and
enforcement mechanisms. International collaboration and agency coordination can proficiently tackle
technological issues and share knowledge. Establish sustainable economic development frameworks, shift towards
a circular economy by reducing plastic consumption and enhancing material reuse through tax incentives for eco-
friendly industries, endorsing enterprises that manufacture biodegradable products, instituting economic strategies
such as plastic levies and green procurement policies, and allocating resources for research and development of
innovative materials.
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