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Abstract: Microplastic contamination has become a concerning topic of study in recent decades.
This review discusses the development of microplastic pollution based on a selection of South
Asian countries consisting of Bangladesh, Iran, Philippines, Thailand, India, Indonesia, and Viet-
nam. The condition of microplastic pollution related to the abundance of microplastic found in
various environments as well as the presence of microplastics in food and the air, is covered in this
review. Several reports found that drinking water sourced from taps was found to have about 83%
of microplastic particles in the year 2017 based on results from 14 nations, and in the year 2018,
260 bodies of water for human consumption in 11 countries were found to have about 93% of
microplastic particles. Micro debris pollution in seas and oceans worldwide is predicted to be at
an amount of 236,000 metric tons based on a statistical report. A mean value of 30 micro debris
per liter of glacier water was recovered from the top of Mount Everest, whereas about 2200 small
particles per liter were discovered in the deep waters of the Mariana Trench. The main environments
that are severely microplastic-contaminated are water-based places such as rivers, estuaries, and
beaches. The presence of microplastics in food items, such as tea bags, sugar, shrimp paste, and salt
packets, has been reported. In terms of impacts on the environment, microplastic contamination
includes the ingestion of microplastics by aquatic creatures in water environments. The impacts on
terrestrial environments relate to microplastics sinking into the soil, leading to the alteration of the
physicochemical parameters of soil. Meanwhile, the impacts on the atmospheric environment include
the settling of microplastics on the external bodies of animals and humans.

Keywords: microplastics; pollution; contamination; environmental impacts; South Asian

1. Introduction

Plastics are polymeric materials mainly made up of hydrocarbons that are obtained
from charcoal, petroleum, and fossil gas, which can be molded and shaped by utilizing
pressure or heat methods. For instance, aerospace industries have been utilizing plastics
more than metal alloys for the construction of the interiors of aircraft, structural elements,
and navigation components due to the lighter weight of a plastic component than its metal
counterparts. For safety aspects, some translucent, lightweight plastic materials have been
found to exhibit high impact resistance, and these have additionally helped the aerospace
industry in saving fuel costs over the years. Plastics also have other outstanding properties,
such as low electrical conductivity, less density, high toughness, and transparency [1]. As
such, the utilization of plastic is widely preferred by many industries around the globe,
such as automotive, packaging, manufacturing, logistics and freight forwarding, medical
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and healthcare services, and many more industries. Although plastics have many good
properties, plastics decompose in landfills at a rate slower than any other waste, thus
leading to a high accumulation of plastic waste, which results in the degradation of plastic
materials into macro and microplastics [2]. In 2017, the usage of plastic drastically increased
to 350 million metric tons compared with only 1.5 million metric tons in 1950 [3].

Plastics dumped in landfill normally undergo interment in terrestrial areas, and some
of these waste plastics have a high probability of reaching aquatic environments. Most
plastic waste moves downstream through rivers into marine environments. Research has
shown that an approximation of 8 million metric tons to 11.5 million metric tons of plastic
were detected in marine environments [2]. The marine debris most commonly found in
oceans is known as microplastics, and the plastics vary in shape and size, with a size usually
smaller than five millimeters. Plastic products, such as bottles, synthetic clothes, plastic
bags, and cosmetics, have been identified as the main contributing sources to the formation
of microplastics [4]. Microplastics that degenerate from larger parts of plastic waste into
tiny plastic pieces are known as secondary microplastics. On the other hand, microbeads
are one type of microplastic consisting of small pieces of polyethylene plastic products
commonly used in health and beauty products as exfoliants, such as in toothpaste and
facial cleansers, as well as plastic pellets utilized by industrial manufacturers and synthetic
textile industries to produce plastic fibers such as nylon [4]. These microbead particles are
capable of flowing through water filtration membranes effortlessly from households and
subsequently being discharged into marine environments [4–8].

On the other hand, air pollution caused by microplastics occurs in the form of air-
borne particles and may cause health issues when inhaled. These microplastics are non-
biodegradable and thus highly increase the accumulation of these microplastics on land
and in marine environments. Marine deposits in seas and oceans that contain microplastics
may settle straight into liquid columns or implicitly via tides as well as sediments that are
washed into the water from cliffs. According to The Guardian, drinking water sourced from
taps was found to contain about 83% of small microplastic particles in the year 2017 based
on 14 nations, and in the year 2018, out of 260 water bodies used for human consumption
tested in 11 countries, about 93% of microplastic particles was reported [9]. At the same
time, Sebille et al. [10] reported that worldwide micro debris pollution throughout the seas
and oceans is predicted to be 236,000 metric tons based on a statistical report. A mean
value of 30 micro debris per liter of glacier water was recovered from the top of Mount
Everest, whereas about 2200 small particles per liter were discovered in the deep waters of
the Mariana Trench.

Microplastics have been identified in high quantities in about 114 species on land and
in water [4]. About 80% of microplastic pollution in the environment has been determined
to be from various sources. It has been shown that numerous invertebrate ocean and
sea animals, such as crabs and crustaceans, have microplastics in their digestive tracts
and tissues. Fish and air species, such as birds, ingest floating microplastics in seas and
oceans and from water surfaces at a high rate. These animals misinterpret plastic pieces as
food sources. Much of the data have been reported through global analysis, yet statistics
related to microplastic pollution in Asian countries microplastic currently remain unknown.
With this arising issue, a characterization study on microplastic pollution conditions in
South Asian countries is worthy of investigation. In this review, the characterization of the
microplastics present in South Asian countries was studied. The conditions of microplastic
pollution were analyzed, and the impacts on the environment were further discussed in
this review [4].

2. Countries of Study
2.1. Pakistan

According to Dowarah and Devipriya (2019) [11], the Arabian Sea contains approxi-
mately 0.2 million tons of polymer waste sent via the Mighty Indus. Pakistan generates
roughly 0.6 million tons of polymer. Irfan et al. (2020) [12] reported that polymers are pro-
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jected to make up almost 6% of the country’s overall solid waste, which is above 40 million
tons, with most debris discarded in exposed areas. Most of the megacities of the country
face significant challenges in fixing the issues related to urban waste. Moreover, the precise
volume of polymers in freshwater environments as well as microplastic contamination on
surface water, are often overlooked [12]. The Ravi River is one of the rivers that flows by
Lahore and is also known as the city’s most prominent housing, industrial, and commercial
center. The Ravi River accumulates various sorts of polymer waste, and this polymer
waste eventually degenerates into microplastics [12]. In addition to the Ravi River, the
Arabian Sea has a coastal area in Pakistan that is about 1000 km, where a high amount of
microplastics is located [13]. The literature was studied based on the water surface and
sediment of the Ravi River and Arabian Sea of Pakistan, where samples collected around
the Ravi River originated from a combination of drainage, canals, and wastewater from
households, known as sullage [12,13]. The microplastics concentrated on the surface water
of the Arabian Sea was an average of 582.12 particles per liter, with a standard deviation
of 246.14, whereas at the Ravi River, a mean value of 2074 pieces/m3, with a standard
deviation of 3651 [12,13]. With these results, both the Ravi River in Lahore and the Arabian
Seacoast have been deemed to be polluted based on the surface water values. According
to Business Recorder (2016) [14], Lahore is a megacity that ranks second as the city with
the highest population in Pakistan. The Ravi River has become a severely contaminated
waterway as a result of by-products from various businesses and tons of metropolitan
wastewater [14].

The shapes of the microplastic identified in both areas of study were fragments, sheets,
beads, foams, and fibers, where fragments were found to be the highest, 56.1%, in the Ravi
River; subsequently, fibers accounted for 38.6%, and foams, sheets, and beads were found
to be below 3% [12]. According to Ahmed et al. [13], fibers were abundantly found in
surface water samples from the Arabian Sea, with a percentage of 99.77% and a balanced
percentage accounted for by beads, sheets, and fragments [13]. The micro debris, with a
size range between 300 µm and 500 µm, was primarily found in the surface water samples
of the Ravi River, whereas particles of 55 µm were primarily located in the Arabian Sea
specimens; subsequently, 500 µm-sized particles accounted for 35.53%, and there was a
balanced percentage for 250 µm-sized particles [12,13]. A significant fraction of the large-
dimensioned micro debris floating on the water might relate to the source’s vicinity and a
decreased time frame for fragmentation to occur [15,16].

The microplastics concentrated in the dregs of the Arabian Sea were, an average,
987.40 particles per liter, with a standard deviation of 617.06, whereas in the Ravi River, there
was a mean value concentration of 3726 pieces/m2, with a standard deviation of 9030 [12,13].
These values also show that the microplastic pollution in the sediment specimens is similar
to the pollution levels of the water surface specimens. In the collected sediments, the speci-
mens from the Ravi River, a higher segment of fragments was distinguished, resulting in an
amount of 83.1% out of the total microplastics extracted from the dregs; subsequently, fibers
amounted to 11.8% and were balanced by other polymers, such as beads and foams [12].
The Arabian Seashore samples exhibited higher fractions of fiber, similar to that of surface
water specimens, with a value of 99.24% out of the total 4900 microplastics from the dregs,
subsequently below that of the 0.8% of the other shapes, such as fragment forms, beads,
and sheets [13]. Microplastics, ranging in size between 150 and 300 µm, were significantly
identified in the dregs collected from the Ravi River, whereas the Arabian shore specimens
have a greater proportion of micro debris in the size range of 55 µm, with a percentage of
43.98% out of the total microplastics categorized in the sediment samples, and the least was
found to be 22.82% for the size of 250 µm [12,13].

From both pieces of research conducted in Pakistan, it is evident that fibers were found
in both locations of the Ravi River and Arabian Seashore, with a high amount of fibers
found in the dregs and water surface specimens collected from the Arabian Seacoast and
Ravi River. The primary driver of fiber microplastics into sewers is the discharge resulting
from household chores, such as laundry, which substantially contributes to the amount of
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these microplastic particles found throughout the river. According to Irfan et al. (2020), the
occurrence of a large number of fragmented microplastics in water specimens of sullage
may be due to the decomposition of openly disposed plastic wastes dumped in the nearby
surroundings [12]. In addition, plastic waste may be flushed into rivers and lakes during
monsoon periods when there are massive amounts of waste discarded near drains and
canals [12].

2.2. Saudi Arabia

In the year 2019, in the Middle East, Saudi Arabia was known as having one of the largest
industries for the production of goods packaging, with an estimated value of USD 8.07 billion
and residents using about 40 kg of polymer bags annually. The European Union reported that
such usage is approximately twenty times more than the worldwide mean [17,18]. According
to Al-Lihaibi et al. [18], Saudi Arabia has an approximate headcount of 34 million citizens.
In earlier decades, major increases in the population of countries and industrialization
have resulted in massive quantities of solid waste disposal [19]. The improper disposal of
non-biodegradable items, such as reusable cans and totes, produces large quantities of hard
waste, specifically during the holy periods of Ramadan and Haj. According to the research,
only 10 to 20% of the total recyclables were successfully recovered and repurposed [20,21].

According to Pico et al. [22], Riyadh is a prominent economic, commercial, and
production industry hub, covering a population of about 7.6 million residents, with many
manufacturing companies generating polymer products that are capable of utilizing a great
number of plastics. On the other hand, Al-Jubail is also one of the biggest petrochemical
production regions that produce polymer resins and synthetic materials [22]. A study
based on these two cities was conducted by obtaining surface water specimens. The mean
concentrations of microplastics in Riyadh and Al-Jubail were 3.2 ± 0.2 items per liter and
0.2 ± 0.1 items per liter, respectively [22]. These mean results indicate that these towns have
been contaminated with microplastics. Based on Figure 1, fibers are highly distinguished,
accounting for 60% of the total microplastics extracted from the specimens (with only 1%
lesser fiber found in Riyadh), subsequently fragment-shaped and spherules microplastics
account for 15% each, and the remaining percentage consists of other kinds of minor
shapes [22]. Most of the micro debris extracted was between 50 µm and 1000 µm, with the
highest percentage of 35% in the group ranging from 50 µm to 100 µm, followed by 25% in
the group ranging from 100 µm to 250 µm [22].
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Based on Figure 2, polypropylene (PP) was the most abundant polymer from the surface
water specimens sourced from Riyadh and the second highest in Al-Jubail, with a percentage
difference of 6%. While polyethylene was found to be the most significant identified in
Al-Jubail, with 24%, and a percentage of 19% of polyethylene was found in Riyadh.
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Figure 2. Average percentage of polymers from surface water specimens in Riyadh and Al-Jubail
towns (Replot from data in Pico et al. [22].

Jeddah, with a populace of 3.4 million people, is known to be one of Saudi Ara-
bia’s biggest towns, and it is situated on the Red Sea’s eastern shore. According to
Anjum et al. [21], the town generates roughly two million tons of trash per annum. A
study on microplastic contamination has been conducted on four different areas linked to
the Jeddah shoreline. Sediments were collected from open sandy beaches and wastewater-
releasing areas near the surroundings of Jeddah. Overall, the sediment specimens were
found to contain approximately 119 particles per kg [23]. The open beaches were found
to have a significant number of unevenly shaped fragments and foams, whereas sewage
discharge sites have higher numbers of granular and fiber shapes [23]. The presence of
granular shapes may be due to the discharge of microplastics in sewage. The polymers
that were present in the dregs of both sampling locations are polyethylene terephthalate,
polystyrene, polyester, and other minor polymers with percentages of 37%, 12%, 4%, and
the remaining 53%, respectively [23]. The remaining proportions of microplastics could not
be classified due to the use of low-quality equipment.

In summary, Saudi Arabia is a country facing increasing microplastic pollution; how-
ever, limited studies have been conducted to classify the presence and abundance of
microplastics in the country. According to Pico et al. [22], the presence and quantity of
microplastics can be impacted by the type of industry present in the metropolis and the
growth of the town. Therefore, towns may have similar populations yet distinct character-
istics, with varying numbers and distributions of microplastics, which is well evident by
the greater abundance of micro debris in Riyadh compared to Al-Jubail [22]. In addition,
public beaches may be polluted due to tourists and tourism-related events [23]. The high
amount of fibrous and granular microplastics at sewage discharge ports may be due to the
deposition of sewage at those ports and residues from clothing generated as fibers from
laundry emanating via untreated wastewater [23].

2.3. Bangladesh

The characterization of the microplastics present in certain well-known areas in
Bangladesh was established and studied. There are two main types of samples collected in
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this study, sediment and water, based on six locations across the country. Water sampling
was undertaken in two different research areas, which were urban lakes and rivers. Lakes
are well noted for providing essential ecological amenities, such as providing a place for
wildlife habitation, farming, flood defenses, water storage areas, weather regulation, and
tourist activities [24,25]. In contrast to natural waterways, several urban lakes are specifi-
cally designed to handle urban overflow and collect rainwater, causing it to be vulnerable
to anthropogenic contamination, ecological strain, and microplastics, becoming highly
prevalent in wetlands due to greater anthropogenic occurrence [26–29].

Water specimens were collected from lakes in Dhaka, a highly populated and fast-
expanding megacity area. In this area, microplastic contamination is mainly due to abun-
dant plastic degradation caused by anthropogenic activities. While in another study,
samples were taken from Karnafully river, where there are about eight million people
residing close to the river situated in Chattogram, Bangladesh’s second largest town and a
corporate hub. The dominant shape of microplastic in the lake were films, micro pellets, and
fragments, with a percentage of 40.91%, 36.36%, and 22.73%, respectively, whereas in the
river, with a percentage of 83%, fibers were the most common type of micro debris, followed
by fragments [30,31]. More than 50% of microplastics of a size smaller than 1 mm were
highly located in the Karnafully river water samples, as shown in Table 1. According to
Hossain et al. [30], strong tides, semidiurnal tide motion, and sea transportation could gen-
erate sufficient turbulence in the river and shred the plastic materials into tiny particles [30].
In terms of the plastic polymers found in both of the areas, high-density polyethylene
(HDPE) was the most abundant found, with 60% in urban lakes, and polyvinyl chloride
(PVC) and polycarbonate (PC) were present with equal percentages of 20% [31]. However,
there was no information on the polymer types from the river water sample analysis.

Table 1. Characterization of microplastic present in environments of Bangladesh.

Location Environment Type of Sample Dominant
Shape Size Dominant

Polymers Reference

Cox’s Bazar Natural Beach Beach sediment

Fibers (53%)
Films (20%)
Fragments

(12%)
Microbead

(9%)
Others (6%)

1–5 mm (59%)
0.5–1 mm

(27%)
<0.5 mm (14%)

- [32]

Kuakata Beach Beach Beach sediment

Fibers (55%)
Fragment (15%)

Films (14%)
Microbead

(10%)

1–5 mm (55%)
0.5–1 mm (31%)
<0.5 mm (14%)

PET, PE and
PP (45.5%) [33]

St. Martin’s
Island Coastal beach Coastal sediment

Fibers (50%)
Films (26%)
Foam (14%)

Fragment (10%)

1–5 mm (25%)
0.5–1 mm (57%)
<0.5 mm (18%)

Rayon (32%)
Nylon (17%)

PE (16%)
PUR (11%)

Others (24%)

[34]

Cox’s Bazar Beach Beach Sediment

Fragment (64%)
Foam (15%)
Fibers (9%)
Bead (6%)
Film (6)

-

PP (47%)
PE (23%)
PS (9%)
UD (9%)

Others (12%)

[35]
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Table 1. Cont.

Location Environment Type of Sample Dominant
Shape Size Dominant

Polymers Reference

Karnafully
river

River

Surface water Fibers (83%)
Fragment (17%)

1–5 mm
(24%)

<1 mm
(59%)

-

[30]

Sediment

Fibers (56%)
Fragments

(34%)
Film (6%)

Pellets (3%)

<1 mm (39%) -

Dhaka Urban Lakes

Water

Film (40.91%)
Micro pellets

(36.36%)
Fragments

(22.73%)
Fiber (13.63%)

-
HDPE (60%)
PVC (20%)
PC (20%)

[31]

Sediment

Film (33.33%)
Fiber (30.55%)

Fragment
(27.77%)

-

HDPE
(42.85%)

PC (28.57%)
CA (14.28%)
PP (14.28%)

Based on other research conducted on sediment samples, the sediment samples were
categorized into various types: coastal sediments, beach sediments, and sediments from
lakes and rivers [30,32–34,36]. St. Martin Island is currently the sole coral area in the
country, and the number of travelers visiting the island has risen in current times, and
tourist industry development plans have also grown, leading the number of ecological
contaminants to surge on the island [36]. According to Tajwar et al. [34], many travelers
visit St. Martin for its picturesque coral coast. Coastal sediment analysis from this island
showed more than 50% fiber-shaped microplastics, similar to the studies from different
researchers based on sediment extracted from Cox’s Bazar, Kuakata Beach, and Karnafully
river, in which fibers were dominant [30,32,33]. Cox’s Bazar is also known to be a favored
tourist spot due to the mountains and dunes surrounding the beach. An implication that
fiber accumulation on the island and Cox’s Bazar beach could be due to the utilization
of swimwear and UV-protective garments produced from synthetic fibers as well as the
traveler’s activities in the area [32,34]. However, in another study by Rahman et al. [35],
fragments were the highest found, with 64%, and 9% of the beach sediment samples from
Cox’s Bazar were fibers. This may be due to the sampling location, which was different
from that of [32], and the sampling collection time was from august to yearend, including
the traveler visiting season.

According to Banik et al. [33], increased fiber might be due to the generation of waste
related to the textiles industry, such as apparel manufacturing, household launder released
into the rivers, and fishing-related waste in the Bay of Bengal [33]. In the sediment sample
from the urban lake, films, fibers, and fragments were almost equally dominant, where
films are generated from the breakage of plastic bags and fragments potentially originate
from remnants of polymer trash that arise from the direct disposal of solid waste [31,37].
Dhaka city deals with large amounts of pollutants discharged from drains, municipal waste
disposal, and the discharge of unprocessed household and corporate effluents [31]. The
sizes of microplastic from the sediment samples were mostly 1–5 mm with high percentages,
as shown in Table 1; however, Karnafully river sediment specimen microplastics were
mostly smaller than 1 mm, which may have decomposed as a result of aging and wear. The
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decomposition of plastic waste into smaller microplastics was affected by environmental
factors and hydrodynamic fluctuations [38].

In addition, Kuakata beach samples were found to consist of polyethylene terephtha-
late (PET), polyethylene (PE), and polypropylene (PP). The different types of plastic waste
were highly extracted from the collected beach samples [33]. According to Banik et al. [33],
PET and PP may originate from garments and fabric items as these are vastly utilized. PE
is a type of polymer that is frequently utilized in meal packaging sheets and bottles for the
products of gels and cleansers [39,40]. This type of polymer was evidently located in Cox’s
Bazar sediment samples, while the PP-type waste was found to be the highest, 47% [35]. In
contrast, regarding St. Martin sampling, rayon followed by nylon polymers were highly
found in the island specimens. According to Lebreton et al. [41], the presence of these
polymers along the seaside was mainly due to the utilization of hard polymers in meshes
and cords, which tend to be produced using these polymers [34,41]. Conversely, the waste
from high-density polyethylene (HDPE) was extracted the most, 43%, in the sediment
sample analysis from the lakes of Dhaka city, and this observation is mainly attributed to
the increased utilization of plastic products made of PE. Subsequently, polycarbonate waste
was extracted with 28% from the sediment sample [31].

Microplastic pollution is prevalent in the twain terrestrial and maritime ecosystems of
Bangladesh based on the research carried out by professional organizations [42]. The Bay of
Bengal is significantly polluted with microparticles from both internal and external sources.
The sediments or water stream may have contributed to the emergence of microparticles
in the area, according to Browne et al. [43] and Thompson [44]. They mentioned that mi-
croplastics can flow easily through filtration units of wastewater and sewerage purification
plants [32]. Furthermore, winds may carry microparticles from one section to another
section of the Bay of Bengal toward the shoreline and dunes. These three key streams are
known as Padma, Meghna, and Jamuna in Bangladesh, and these could perhaps facilitate
the transfer phenomenon [32].

The presence of microplastics in sugar, teabags, salt, and environments, such as
rivers and islands, has raised alarm concerning the severe pollution conditions of these
microplastics in the country. The survival of coral reefs in Bangladesh is a matter of study
by researchers; St. Martin is currently the only coral island in Bangladesh and has more
than 3000 travelers per year visiting the island. According to Gazi et al. [45], various studies
have shown that coral reefs have considerably decreased recently [34]. Coral reefs are the
ocean’s biggest diverse biome and serve as coastal screens to preserve the shore from the
sea’s damaging effects, and these corals consume aquatic microorganisms for survival [46].
However, the presence of microplastic pollutants in the sea has affected coral viability
as aquatic microorganisms could ingest the micro debris. Eventually, this condition has
resulted in reducing the number of coral reefs in the ocean.

In addition, a recent study has shown the existence of microplastics in sugar and
teabags based on two different analyses conducted based on five retail sugars and five
flavored teabags, including branded packets purchased from various retailers in Dhaka
City. These analyses showed a mean of 343.7 ± 32.08 microplastics per kg of sample
sugar, with a greater prevalence of small fibers and spherules where the particles were
mostly 300 µm in size. On the other hand, the teabag analysis was found to have high
amounts of microplastics in unopened tea bags compared with the opened tea bag, with a
greater frequency of fibers and fragments [47,48]. Bangladesh’s sugar sector contributes
significantly to the development of remote area facilities, labor opportunities for villagers,
farmer income, forex savings, and quality enhancement to jaggery businesses and waste
sectors [49]. Moreover, the country is a huge tea manufacturing nation, producing about
82.13 million kg of tea, based on figures from 2018. They also estimated an increased rate
of 1.89% annually for the following years, leading to the country being ranked as the 10th
biggest tea manufacturer worldwide [50,51].

Recent statistics on sugar utilization per individual in the country showed a peak in
the year 2019, with a mass of 6.18 kg, which was 6% higher than in the year 2018 [52]. With
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these sugar intake statistics, the continued consumption of sugar containing microplastic
contaminants has the possibility to result in a yearly intake of tons of microparticles, on
average about 10.2 tons comprising a variety of forms, sizes, and polymer constituents [47].
According to Afrin et al. [48], the release of microplastic particles through tea packets in
Dhaka town can result in an estimated microplastic release rate of 10.9 million grams yearly.
This high release rate can spread higher amounts of microplastic to various habitats [48].
Furthermore, the presence of microplastics in salts has also become a matter of study in
Bangladesh. According to Parvin et al. [53], a mean amount of approximately 2676 mi-
croplastics per kg was discovered in retail sea salt purchased from various regional markets
and grocery stores. Equally, both the purified and improperly refined salts consist of a
significant number of microplastic contaminants [53]. The increased amounts of polymer
pollution or microplastic contamination throughout coasts and salt-farming areas may be
the reason for the discovery of microplastics in sea salt.

Based on a study conducted by Rakib et al. [54], microplastics have been detected
in sea salt specimens collected from salt pans at Bangladesh’s biggest salt-farming region
located in the Maheshkhali Channel. They also concluded that the amount of microplastics
detected reached an average value between 74.7 and 136.7 particles per kg [54]. In addition
to that, microplastics have been discovered in sediment samples from St. Martin Island that
amounted to 250 micro debris per kg [34]. Based on the beach sediment analysis conducted
at Cox’s Bazar, microplastics amounted to an average of 368.68 ± 10.65 particles per kg [32]
and 8.1 ± 2.9 microparticles per kg [35]. Both studies conducted by Hossain et al. [32] and
Rahman et al. [35] on Cox’s Bazar indicate that the differences in values may be inferred
from the different sampling points of the sediments and other natural environmental
factors, such as the wave-induced transfer of microplastics. The wave-induced transfer
could transfer microplastics across a larger distribution area. In addition, based on a
recent analysis of one of the river streams in Bangladesh known as the Karnafully stream,
this stream was found to consist of micro debris that amounted to a mean of 2.11 ± 1.15
microplastics per liter of top water specimen. Furthermore, the daily load of microparticles
flushed into the Bay of Bengal through the river during summer was computed to be
61.3 × 109 microplastics per day [30].

Stream water is utilized for commercial, agricultural, and domestic purposes. How-
ever, the river is currently heavily contaminated with hazardous organic and inorganic
contaminants [30,55]. The stream absorbs water inflow from numerous channels and
tributaries along the way toward the Bay of Bengal and contains significant amounts of
particulate and liquid waste originating from corporate, domestic, and rural areas in Chat-
togram [56]. Furthermore, farmers employ various insecticides and manures to improve
yield, and the agricultural residues contaminate the stream water via canal outflows as
agricultural works are widespread close to the river [56]. Approximately 750 sectors, such
as garments, packaging, recycling, laundry, coating, automotive, heavy machinery, etc.,
explicitly or implicitly release unprocessed waste or effluent into the Karnafully water
stream in which the closest municipal areas to Chattogram discard waste into the stream,
significantly contributing to microplastic prevalence [30]. Statistics have shown that as of
2018, the town’s municipal waste from different sources reached 2289 tons a day, including
plastic items, which amounted to 8.3% [57].

Several potential factors that lead to elevated levels of micro debris include the disposal
of defective fish meshes, cords, buoys, and fishing boxes at the Karnafully stream bank. The
flow sections of this river along the country’s business centers are likewise contaminated
with micro debris, which could be a result of inadequate facilities to manage wastewater
in urban areas nearby the Karnafully River [30]. The abundance of the microplastics
discovered at the shore, beach, and river areas denotes the development of microparticles
in the water throughout the Bay of Bengal that eventually build up in sea salts. Moreover,
according to Parvin et al. [53], exposure to small plastic debris through salt has been
predicted to constitute up to an average of 13088 microparticles annually. These data were
computed based on the average quantity of microplastics, about 2676 microplastics per
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kg, discovered from the sea salt analysis as well as the average per day salt intake level of
13.4 g by the people living in Bangladesh [53,58].

2.4. India

The characterization of microplastic in India was analyzed based on a few environ-
ments in India, such as estuaries, city streets, beaches, and coastal areas. Karthikapally and
Panmana are situated on a hollow saline liquid lagoon known as the Kayamkulam estuary.
The estuary region holds a significant quantity of sediments due to the low slope around the
junction, with either backwaters or ponds [59]. A high amount of fiber-shaped micro debris,
which amounted to 61.08%, was discovered in the estuarine sample [59], which is in line
with analysis conducted at the Vellar estuary. They reported that fiber was predominant in
the estuarine sample, 58.46% in the sediment and 79.29% in the estuarine water [60]. The
minor form of small particles in the Vellar estuarine sediment were fragments and glitter,
with 12.33% and 21.83%, respectively, which is in contrast to the estuarine sediment at
Kayamkulam, with filaments and fragments as the minority of shaped microplastics [59,60].
Clay, gault in black, and silt, including alluvial deposits, make up the estuarine cliffs where
the deposits affect the estuarine area. The ground of the Vellar estuarine is known to be
Tamil Nadu’s finest fertile firth [59,60]. The majority of the micro debris range in sizes of
less than 1000 µm, as shown in Table 2.

Table 2. Characterization of microplastic present in environments of India.

Location Environment Type of
Sample

Dominant
Shape Size Dominant

Polymers Reference

Kayamkulam
Estuary Estuary Estuarine

sediment

Fiber (61.08%)
Filament
(33.94%)

Fragment
(4.52%)

1000–3000 µm
(29.86%)

<1000 µm
(62.90%)

>3000 µm
(7.24%)

PE (22.62%)
Polyester
(42.98%)

PP (34.38%)

[59]

Chennai City Streets Street dust
Fragment
(92.46%)

Fiber (7.54%)
-

PVC (24%)
Superflex (14%)

Microcrys-
talline (19%)
PTFE (14%)
HDPE (9%)

[54]

Marina Beach Beach Beach sediment

Fragments
(33%)

Fiber (15%)
Foam (12%)
Film (10%)
Pellet (6%)

0.1–3 mm
<2 mm (50%)

PE (29.9%)
PP (16.9%)

PVC (10.9%)
Polyester (9.9%)

Nylon (7.9%)

[61]

Karnataka Beach Beach sediment

Fragments
(46%)

Fiber (34%)
Films (12%)
Pellet (8%)

0.1–1 mm (49%)
1–2 mm (27%)
2–5 mm (24%)

PE (37%)
PP (26%)
PS (17%)

Nylon (9%)
Others (11%)

[62]

Puducherry Beach Beach sediment

Fragments
(56.32%)

Fiber (15.85%)
Film (13.54%)
Foam (8.27%)

Others (6.02%)

1000–3000 µm
(31.40%)

300–500 µm
(34.88%)

500–800 µm
(20.93%)

- [11]
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Table 2. Cont.

Location Environment Type of
Sample

Dominant
Shape Size Dominant

Polymers Reference

Vellar Estuary Estuary

Estuarine water
Fibers (79.29%)

Fragments
(13.61%)

-
LDPE (58%)

PP (36%)
Others (6%)

[60]

Estuarine
sediment

Fiber (58.46%)
Glitter (21.83%)

Fragment
(12.33%)

Others (7.39%)

-

LDPE (45%)
PP (35%)
PVC (5%)
PVA (4%)

Others (11%)

Odisha Coast Coast Coast sediment

Fragments
(70.65%)

Fibers (27.05%)
Spherules

(2.30%)

500–1000 µm
(27.84%)

250–500 µm
(21.11%)

100–250 µm
(15.67%)

>1 mm (23.90%)

12 Polymers
detected

(E.g HDPE,
PVC, BR, PP,

PTFE, SMMA)

[63]

South Andaman
Coast Coast Coast sediment

Fragments
(75.76%)

Fibers (21.76%)
Spherules

(2.46%)

500–1000 µm
(39.71%)

250–500 µm
(22.67%)
<100 µm
(28.65%)

Others (8.94%)

13 polymers
detected

(e.g., PP, BR
PVC, ABS,
Nylon 6)

[63]

PE is the third highest microplastic type found in the Kayamkulam estuarine [60],
which contrasts with the sampling conducted in the Vellar estuary, where LDPE was most
prominent in both water and sediment estuarine specimens [60]. Polyester-type waste was
the majority discovered in the Kayamkulam estuary, amounting to 42.98% [59]. Moreover,
based on a study conducted by Venkatramanan et al. [61], a lower percentage of polyester-
type microplastics was found in the sediments collected from Marina beach. The beach
samples have a large number of PE microplastics, 29.9%, followed by PP microplastics, with
16.9% [61]. This is a popular site in the state that attracts roughly 50,000 people a day for
vacation holidays, eventually causing a severe accumulation of plastic litter on the beach.
There is a lack of awareness and knowledge of both people and the government related
to the detrimental impact of plastic waste contamination on the environment and human
health. This may be the main reason that the pollution caused by plastic contamination
is not regarded as a severe issue at Marina beach [61]. The predominant presence of PE
and PP discovered are similar to the study conducted in Karnataka, where 37% and 26%,
respectively, were extracted [62]. Moreover, the presence of nylon in Karnataka and Marina
was a result of the utilization of fishing nets in that area.

The main human activities near Karnataka beach, the visitation of travelers, businesses,
fishing ports, and touchdown areas, could have contributed to the presence of micro debris
in that location [62]. In addition, common forms of microparticles extracted from Karnataka
sediment samplings are fragments and fiber-shaped small debris [62], in line with the
studies carried out using Puducherry beach sediments [11] and sediment samplings from
Marina beach [61], as shown in Table 2. The abundant dimensions of microplastics discov-
ered on all three beaches were between 1 and 3 mm. Furthermore, the significant presence
of fibers and fragments was similar to the samplings of sediment from the coasts of Odisha
and South Andaman, with more than 90% on both coasts, respectively [63,64]. Both Odisha
and South Andaman coasts had 27.84% and 39.71%, respectively, of microplastics sized
between 500 and 1000 µm [63,64]. In terms of the polymer types, both coasts had a few
similar polymers discovered, such as PP, PVC, and BR, with no percentages to indicate
dominance in both analyses. In another analysis based on Chennai Road dust, various
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types of polymer waste were observed, such as PVC, which is the major micro polymer
with 24%. Subsequently, microcrystalline waste was found with 19% to be the second
highest, followed by PTFE and Superflex 200, both 14%, respectively [65].

PVC waste may have originated from the extensive utilization of item packaging,
powerlines along the streets, and automobile wear-offs that end up on the street [65].
According to Thomas [66], ductwork and bottles used to store volatile chemicals and caustic
substances frequently include PTFE. PTFE is mainly utilized in the production of cookware
and kitchen utensils, serving as a non-stick layer [65]. Microcrystalline products serve as
important elements in various industries, such as food, where they are utilized as stabilizing
agents, especially in the soft drink industry, to serve as emulsifiers. Microcrystalline
products are also used in beauty products as thickeners [65]. In the road sample, fragments
and fiber were the major micro debris detected, which is similar to the beach sediment and
coast sample sediment analysis conducted in certain places in India, as shown in Table 2.
The urban cluster in Chennai has a population of around 10.9 million people living in the
town based on figures from 2020. As a result, compared to nearby coastal towns along the
country’s East Coast, Chennai residents utilize plastic in significantly greater quantities [61].
The small plastic debris discovered on the streets is one of the concerning factors as these
small particles could potentially enter land and marine habitats through several routes
facilitated by automobile movement, snow, rainfall, and wind.

In an evaluation, roughly 85% of the polymer waste in the country is improperly
handled and has the propensity to enter the ecosystem, particularly surface water net-
works [67]. According to CPCB (2018) statistics, 62 million tons of municipal waste were
produced in the country in 2015. They also found that 82% of the waste was collected, and
the remaining percentage was discarded as waste [68]. In addition, based on Joshi and
Ahmed [69], a continued reliance on landfill as a disposal pathway for municipal solid
waste treatment by urban government authorities may lead to an upsurge in municipal
solid waste accumulation of nearly 300 million tons annually by the year 2051. This is
because of the significant population growth that contributes to the generation of plastic
waste [69,70]. Additionally, according to Jambeck et al. [71], approximately 0.24 million
tons of polymer waste are dumped into the sea each year; India is fourth in the world in
terms of the improper management of polymer waste [72]. In a recent study conducted
by Yadav, Sethulekshmi and Shriwastav [73], the probability of susceptibility to micro
debris through some major sources, such as consumer water, food, air, etc., was conducted
by collecting samples from respective sources [73]. The predicted daily vulnerability
in consuming water, breathing air, and consuming food were estimated to be around
382 ± 205, 594 ± 269, and 1036 ± 493 microplastics, respectively, per individual [73]. These
results are based on conjecture and presumption. However, the actual findings could be
considerably higher than the predicted approximations.

In addition, Yadav, Sethulekshmi and Shriwastav [73] reported that the existence of
friction while handling, packaging edge-cutting, storage processes, and shipping could lead
to the breakdown of the wrapping materials into smaller pieces. This source of microplastic
contamination is considered secondary micro debris present in prepared meals. In addition,
small particles have been reported to be present in salt based on a few salt specimen studies.
The majority of coastal areas in India produce salt, such as Gujarat and Tamil Nadu, which
are known as the largest salt producers in India. Generally, salt pans utilize sea or estuary
water as their basis for the generation of salt, although there are certain salt pans that still
employ groundwater [60]. In research conducted by Nithin et al. [60], approximately 3.67
to 21.33 nos/10 g microparticles were detected in the salt. In this area of study, brine liquids
via the Vellar estuarine were employed for the salt pans as a basis for the generation of
salts [60]. Nylon and LDPE microplastic were the predominant polymer types discovered
in the salt [60], which is relevant to the Vellar estuarine. LDPE-type microplastic was the
major polymer found in the water and sediment specimens. It can be deduced that LDPE
microplastics may have settled in the salt as Vellar estuarine fluids are utilized as a source
for the generation of salt. In addition, another salt pan analysis at Tuticorin, where the salt
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is generated through the utilization of marine and borewell liquids, showed the presence
of approximately 54 ± 13.4 and 12 ± 9.5 particles per kg, respectively [74].

With the obtained data, the researchers inferred that an individual might consume 216
and 48 particles annually from marine salt and bore well salt, respectively. On average, it is
predicted that individuals consume 5 g of salt per day [74,75]. Seth and Shriwastav [76]
deduced that the presence of micro debris might be due to the notion that marine salt is
the direct output of shore liquids. Furthermore, based on CPCB yearly statistics, Gujarat
is one of the top three areas for generating plastic waste, as reflected in its ecosystem,
corresponding with the findings concerning an analysis of Gujarat fine salt, where about
pieces of 1075 small debris were discovered [77]. Moreover, a mean amount of fewer than
700 microplastics per kg was extracted from retail salt packets [78]. The utilization of
marine liquid, bore well liquid, and brine liquid originating from the estuarine showed that
the presence of microplastics in water or sediment samples has a direct influence on the
presence of microplastics in salt. Additionally, river streams that contain microplastics have
a high possibility of transferring the micro debris to lakes that mainly receive water via
river streams. One such lake in India that receives water via two different rivers, Vadavaru
and Sengal, is known as Veeranam lake.

Veeranam lake is among the oldest and biggest basins in South India [79]. In the
analysis, sediment specimens were collected from the lake’s bottom, and it was revealed
that there was an average amount of 309 microplastics per kg of sediment [79]. In addition
to the transfer of micro debris via river streams, fishing activities have also contributed to
microparticle abundance, as a significant quantity of worn-off plastic polymers from fishery
equipment might seep into the lake. Additionally, to further explain the situation related
to microplastics in India, in mid-August 2021, a news article was released stating that
residential faucets exhibited the presence of microplastics in faucet water samples [80]. A
test conducted by obtaining faucet water specimens and water purification facilities in Goa
showed about 288 microparticles consisting of 26 kinds of plastic polymers [81]. Moreover,
The Hindustan Times [82] stated that water purification facilities might moderately lower
the number of small particles in water; however, they are not completely removed. This
statement was justified with a report based on an analysis conducted by NIO in which
purified water from the treatment facilitates showed the presence of microplastics in the
range of 1 to 3.8 small particles per liter of water [82]. These microplastics in tap water
can be hazardous to humans if ingested; however, there is no research or proof to show
ingestion by humans or the related risk factors in India to date.

Furthermore, India is known to be the second highest flood-prone nation, with many
areas of the country susceptible to flooding [83]. The microplastic issue in certain areas
of India is severely impacted by the heightened occurrence of floods, together with the
large volume of improperly handled plastic waste [84]. In fact, such a situation has caused
top waters, sediments from deep waters, and beach areas to accumulate almost double
the amount of an overall average of 246 to 506 microplastics after floods, as landed in
Kerala in the year 2018, which was one of the five most severe flood occurrences in the
country, as stated by World Meteorological Organization [84]. The after-flood sample study
showed that the mean amount of microplastic in the top water was 174,016 ± 103,470
particles per kilometer and 28 ± 7 and 68 ± 19 particles per kg in deep water and shore
sediment specimens, respectively [84], which were considerably higher after the floods.
Commonly, after flood occurrences, strong waves overrun shores, inducing buried small
particles to be swept toward sea waters, generating an overabundance of microplastics
throughout seawaters.

2.5. Indonesia

Based on water and sediment sample analysis, foams were dominantly discovered
from a few places in Indonesia, such as at Surabaya, which involved a few sampling spots:
bays, beaches, and shore water specimens, with a percentage of 58.44% [85], sediment
from wildlife reserve mangrove with an abundance of 13.33 ± 8.54 particles per kg [86]
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and Bantan bay sediments with a percentage of 30.4% [87]. The emergence of foams is
caused by pieces or shards of Styrofoam [87]. Surabaya serves as a hub for maritime transit,
fishing, as an attraction site, and as a home for fisherman [87]. The water specimen analysis
from a few spots of Surabaya showed fragments. They are the second highest type of
small particles extracted, and large amounts of particles, ranging between 300 and 1000 µm
from the overall microplastics, accounted for 94.02% [87]. The river water of Surabaya
at different depth zones showed the highest number of fragments located at the top and
mid-level of the water. Whereas films were the highest at the low level of the river, with the
greatest abundance of large microparticles in all three depth zones, as shown in Table 3 [88].

Table 3. Characterization of microplastics present in Indonesia.

Location Environment Type of
Sample

Dominant
Shape Size Dominant

Polymers Reference

Northern Surabaya Bay, Beach
and Coastal Water

Fibers (3.32%)
Foams (58.44%)

Fragments
(34.51%)

Granule (3.73%)

500–1000 µm
(48.54%)

300–500 µm
(45.48%)

>1000 µm
(5.86%)

PS (58.44%)
PE (18.42%)
PP (18.80%)

Polyester
(2.40%)

[87]

Makassar City Tamangapa
landfill Dug well water

Fiber (72%)
Fragments

(28%)
<2 mm (86%) - [89]

Muara Angke
Wildlife Reserve Mangrove Sediment Foams

Fragments <1000 µm
PS (44.62%)
PP (29.23%)
PE (15.38%)

[90]

Surabaya River

Surface water,
Middle water
and Bottom

water

Film,
Fragments

Foam
Pellet
Fiber

LMP
SMP

LDPE
PP
PS
PE

PET

[88]

Banten Bay Bay Sediment

Foam (30.4%)
Fragments

(26.5%)
Granule (24.4%)

Fiber (18.7%)

500–1000 µm
(53%)

100–500 µm
(17%)

1000–5000 µm
(23%)

CP
PET
PP
PE

[86]

Majalaya Ciwalengke
River

Sediment Fiber (91%)
Fragments (9%) LMP > SMP -

[20]
Water

Fiber (65%)
Fragments

(35%)
SMP > LMP -

Surabaya
Jagir estuary
and nearby

Wonorejo Coast
Sediment

Fiber (57%)
Film (36%)

Fragment (7%)

LMP (68%)
SMP (32%)

Polyester
(56.7%)

LDPE (24.6%)
PP (18.8%)

[91]

Jakarta Bay Sediment
Fragments

Fiber
Film

-

PE
PP
PS
PA

[92]

Bali Benoa Bay Surface water

Fragments
(73.19%)

Foam (17.02%)
Fiber (6.38%)

Granule (3.40%)

500–1000 µm
(37.9%)

>1000 µm
(35.7%)

300–500 µm
(22.1%)

PP (17.6%)
PE (17.6%)
PS (17.6%)

Others (38.3%)

[93]
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In another analysis, Surabaya town, related to an estuarine named the Jagir estuary
and the Wonorejo coast, sediment sampling showed that fibers are the majority form of mi-
croplastic pollution, followed by films (Firdaus et al., 2020). According to Firdaus et al. [91],
it was deduced that the presence of fibers may be due to expanding laundry industries,
in which above 50% of industries lacked proper water effluent purification facilities. This
predominance of fiber is in line with another study of the Ciwalengke River [20], where
both water, as well as sediment, contain significant amounts of fiber micro debris, followed
by fragments. In addition, large microplastics were majority extracted in the sediment spec-
imens compared to smaller-sized micro debris and vice versa, as discovered in the water
test. The Ciwalengke water stream is bordered by areas where people work in the fabric
industry and impoverished families that reside in the slums with improper waste disposal
facilities, which may have led to microplastic accumulation [20]. The presence of similarly
shaped microplastics was also discovered in dug well liquids at the Tamangapa landfill,
with a significant predominance of particles dimensions below 2 mm, which was more than
80% [89]. Makassar is a highly populated town where the waste from the town is discarded
at the Tamangapa landfill [89], and it is possible that the liquids from landfills have seeped
into the groundwater, eventually into dug wells, leading to microplastic contamination.
While public activities close to the dug well could have contributed to the contamination
as well.

The dominance of foam-shaped microparticles in the sediment at Bantan Bay [86] was
in contrast to research conducted at Jakarta Bay, where fragments were extracted mostly
from the sediments [92], as well as in the Benoa Bay water analysis, with a percentage
of 73.19% of fragmented microplastics [92]. Bantan Bay is known to obtain water via
waterways and rivers that might have possibly accepted a significant inflow of household
waste, particularly Styrofoam, causing an abundance of foam in the area [86]. Benoa Bay is
utilized by people that reside close to this area for aquaculture activities and crab and fish
production, leading to the existence of PP, PE, and PS as the major plastic polymers [93].
Indeed, similar kinds of polymers were discovered in Jakarta Bay sediment specimens [92],
mangrove sludge specimens that accounted for a cumulative percentage of more than
80% [90] as well as water specimens from three different sampling spots at northern
Surabaya that accounted to a cumulative percentage of 96% [87]. In addition, LDPE was
discovered at the Jagir estuarine as the second-highest pollutant, followed by polyester, the
leading plastic polymer [91]. LDPE was discovered in different depth zones of Surabaya
River stream analysis, in which the author deduced that the presence of LDPE in the lower
depths of water may be due to the formation of biofilms over time through biofouling that
may vertically disseminate microplastics to lower depths of the river [91].

In Indonesia, there are roughly 925 polymer factories that have the capacity to man-
ufacture 4.68 million t of plastic items per year. As of the past 5 years, there has been an
increment of 5% in overall yearly manufacturing [91]. According to Jambeck et al. [71],
statistical data were obtained that showed, solely in the sea environment, 4.8 to 12.7 MMT
of polymer waste dumped into the sea each year, leading to Indonesia becoming the
second-largest contributor of plastic waste in oceans, raising concern among the federal
and provincial government of the country. Mangrove forests could become a hub for the
buildup of micro debris, which was verified with the large abundance of small plastic
particles in non-moist sediment specimens taken from the Muara Angke Wildlife spot,
which totalled 28.09 ± 10.28 microplastics per kg. The downstream of a river stream in
Muara Angke regularly collects enormous amounts of municipal waste, notably plastic
waste [94], whereas the upper section of the river stream is a large city known as Jakarta
with remote areas, causing solid waste disposal to become a huge burden [90].

According to Syakti et al. [95], the country is a rising nation with an increasing
populace; however, solid waste handling is inadequate, causing it to become a major issue.
Based on statistical data from 2020, the predicted quantity of the yearly utilization of plastic
drinking containers totaled 971, 000 metric t [96], wherein residential households produce
the majority of solid waste disposal, 39.8%. Surabaya city improperly manages solid waste
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disposal, with roughly 37.1% of the waste being mismanaged out of an overall amount of
1562.2 t [91]. Moreover, a statement suggested that solid waste production may grow to 76%
by the year 2025, with more than 13% of the waste comprising polymers, which may result
in worsening microplastic contamination in the coastal areas of the country via rivers [91].
This statement has become partially true, as in one study based on the Surabaya water
stream, microplastic contamination was high, with an average of 22.29 particles/m3 [88].
The channels to the river stream that drain waters may serve as a conduit for microparticle
contamination in the Surabaya River via households and commercial inputs [97].

In addition to that, other environments, such as northern coastal areas as well as
the Jagir estuarine polluted with microplastics, accounted to a mean of 0.49 items per
liter of water and a range of 92 to 590 microplastics per kg of sludge, respectively [87,91].
The abundance at the estuarine is related to improper solid waste management due to
inadequate systems and facilities. Furthermore, public participation in reducing solid waste
is minimal, causing concern. The residents living in the Tenggilis Mejoyo region stated that
63% of people do not minimize or isolate household solid waste at the source [98]. As a
result, significant amounts of solid waste are discarded into river streams, leading to the
estuarine at Jagir that runs through heavily populated urban areas becoming a dumping
site, according to World Bank Group [99], and solid waste facilities are only partially
available [91]. Further, one of the spots, Banten Bay, was also contaminated with micro
debris, which accounted for a maximum amount of 431 pieces per kg of dry sediment.
Bays are other prominent sites where a significant quantity of household waste might enter
the area via river streams and nearby ports [88]. Importantly, slum zones are defined as
dwellings without fixed rooftops, limited personal restrooms, and inadequate drains.

Another river known as Ciwalengke has numerous sorts of small-sized plastic particles
that amount to a concentration of 5.85 ± 3.28 items/liter and 3.03 ± 1.59 items per 100 g of
both river liquid and sediment specimens, respectively. From this, it can be deduced that
the close proximity of the slums, characterized by inadequate sanitary infrastructure, waste
disposal, and open washing, to the nearby river stream, could have caused the pollution to
occur [20]. Moreover, the raw water supply and purified water were contaminated with
microplastics that amounted to 26.8 to 35 and 8.5 to 12.3 items per liter of liquid, respectively,
in Surabaya [100]. Surabaya is known to provide water for consumption by purifying the
raw water obtained from the town’s river, supplying roughly 92.5% of the people living
in the town. Films were retrieved from the purified water, although films were absent in
the raw water specimens [100]. In addition, the microplastic contamination in the country
currently seems to have higher links to the COVID-19 pandemic due to the large production
and utilization of PPE. Based on a recent study conducted in Jakarta Bay, water specimens
from the upstream of rivers that enter Jakarta contain microplastics, with a mean value of
9.02 ± 4.68 item/m3, comprising a significant number of fiber-dimensioned particles [85].
This was deduced after a clear indication of where the secondary microplastics originated
from by a separate source that showed a rise in percentage from 3.33% to 30% between
the months of March and December 2020 [85]. The assumption that PPE, specifically face
covers, could have contributed to the fiber microplastics was in line with research that
showed waste from face covers made up 9.83% of small particles in most of the rivers of
Jakarta in the month of March 2020 [85].

In order to further explain the conditions of microplastic contamination in Indonesia,
a study revealed that micro debris was detected in specimens of human excrement as well
as everyday goods retrieved from an agricultural population of an upland village. Micro
debris amounted to between 6.94 and 16.55 µg/g and was discovered in human excre-
ment, with a predominance of polypropylene (PP)-shaped microparticles that accounted
to 10.19 µg/g [101]. Microparticle pollution was absent in both daily water consumption
and the main meals of the individuals chosen for the study [101]. The water used for daily
consumption was known to be obtained via natural springs that did not contain micro
debris pollution [101]. However, a traditional food known as tempeh was filled with micro
debris, containing 11.08 µg/g, presumably caused by the wrappers [101]. Moreover, high
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levels of microparticles were discovered in toothpaste as well as the salt utilized for cooking
by the populace, with mean concentrations of 2.06 µg/g of PP, which was predominantly
detected in the human excrement samples [101].

2.6. Vietnam

In Vietnam, the characterization of microplastics was carried out based on environ-
ments such as beaches, ponds, roads, and rivers. One of Vietnam’s largest and most
important coastal towns is Da Nang. Based on a beach sediment study at this location,
about 745 microplastics in the beach sediment were found, with fiber-shaped particles being
detected as dominant, with a percentage of 99.2%, with the remainder being fragment-type
pollutants. Both shapes were primarily found to have sizes between 300 and 2100 µm [102].
Such microplastic pollution may have originated from industrial effluent discharge com-
prised mainly of that from the clothing and fabric sectors [42]. The presence of fiber and
fragment shapes was similar to that of another study conducted in the Tien Giang region,
a beach where these two shapes totaled a cumulative percentage of 88.6%, dominantly
composed of PE and PP, which amounted to percentages of 44% and 47%, respectively [103].

However, contrasting findings were obtained from the beaches of Vung Tau and Can
Gio, where granules and pellets, respectively, were abundant [103,104], however, these were
totally absent on Da Nang beach. The granule-shaped microplastic, primarily composed of
PS polymer [103], were caused by Styrofoam and divers, as commonly, pool accessories,
including pull buoys and kickboard containing Styrofoam release pieces during utilization.
Polymer PE and PS accounted for a cumulative percentage of 78% in Vung Tau [103],
whereas in Can Gio, sediment specimen. Meanwhile, an additional polymer of PP can
be observed at a percentage of 32% [104], with the remaining 68% comprising PE and
PS. Several rivers tend to transport internal waste and debris from mangrove swamps
that converge near Can Gio, wherein the area is affected by ocean tides [104]. In terms of
size, Can Gio beach specimens have larger microplastics of 2.8 to 5 mm, which amounted
to 71.46% [104] compared to the beaches in Vung Tau and the Tien Giang region, where
42% were much smaller particles of 0.5 to 1 mm [103]. They are relatively reduced in size
compared to the Da Nang sediment specimens, as shown in Table 4. This may be caused
by the collection of samples during different seasons for the three research studies, as
commonly, microplastics further degrade into smaller pieces during summer seasons and
when exposed to high tides.

Table 4. Characterization of microplastic at certain environment in Vietnam.

Location Environment Type of
Sample

Dominant
Shape Size Dominant

Polymers Reference

Da Nang Beach Sediment
Fiber (99.2%)

Fragment
(0.8%)

300 to 2100 µm
(76.1%) - [102]

Northern Vietnam
Red River Delta

and Tien Yen
Bay

Mangrove
sediment Fiber 0.3–5 mm PE, PP, PS, PET,

PA [105]

Tien Giang (TG)
Region and Vung

Tau (VT) Town
Beach Sediment

TG: Fragments
and Fibers

(88.6%)
VT: Granules

(72%)

0.5–1 mm
(42.1%)

1–2.8 mm
(30.0%)

2.8–5 mm
(27.9%)

TG: PE (44%)
PP (47%)

VT: PS (40%)
PE (38%)

[103]

Ho Chi Minh town Saigon river Surface water Fiber
Fragment 50–250 µm

Polyester
PE
PP
PS

[106]
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Table 4. Cont.

Location Environment Type of
Sample

Dominant
Shape Size Dominant

Polymers Reference

Hanoi City
Aquaculture
pond 1 and

pond 2
Sediment

Pond 1: Fiber
(62%),

Fragment (38%)
Pond 2: Fiber

(81%)
Fragment (19%)

- PE (40%)
PP (50%) [107]

Da Nang Road dust -

100 µm–5 mm
(4.1 ± 3.5

pieces/g dry
weight)

PE, PP, PS, PET [108]

Da Nang Phu Loc
drainage canal

Surface water
Fiber (77.2%)

Fragment
(21.1%)

Fiber (1335.6
µm in average)

Fragment
(163,285 µm2

in average) PE (24.4%)
PET (22.0%)
PP (22.0%)

[109]

Sediment
Fiber (86.1%)
Fragments

(12.4%)

Fiber (840.1 µm
in average)
Fragment

(74,225 µm2

in average)

Ho Chi Minh town Can Gio Beach Beach sediment
Pellets (41.31%)

Fragment
(38.5%)

0.5–1 mm
1–2.8 mm
2.8–5 mm

PP (32%)
PE (25.69%)
PS (42.31%)

[104]

Based on the latest analysis, a drainage canal in Da Nang was polluted with microplas-
tics, primarily with fibers and fragments [109], which amounted to a cumulative percentage
of 98.3% in a top water sample of the canal and 98.5% in a sediment specimen. Phu Loc
canal is known to be crucial in the transport of sewage out of congested housing zones,
passing into Da Nang Bay [109]. A cumulative percentage of 68.4% was ascribed to PE,
PET, and PP polymers from both types of specimen sampling. This presence implied that
smaller streams, including Phu Loc, tend to accumulate a greater quantity of microplastics
than bigger streams, particularly in situations where the river serves as a drainage conduit
in heavily populated urban districts [109]. A similar presence of the polymer types in the
Phu Loc canal was observed from street dust obtained from the Da Nang metropolis, with
sizes that varied between 100 µm and 5 mm [108]. This implied that the reduced size might
be due to the disintegration of microplastics on the street over a lengthy period as the
streets are incompletely paved [108]. Moreover, based on the river stream, approximately
10% of the urban sewage generated is managed using activated sludge; hence the majority
of the town’s effluents are dumped straight into streams of the Saigon River as well as its
waterways [106].

Generally, microplastics were detected throughout the surface water of the Saigon
River, primarily fibers, followed by fragments, where the fibers mostly comprised synthetic
forms of fiber, with a percentage of 92% [106]. This is in line with a study conducted on
the Red River Delta and Tien Yen Bay, where fibers were dominant in mangrove sediment,
accounting for a maximum cumulative of 4253 particles per kg [105]. Microplastics of a size
range between 0.3 and 5 mm were spotted, and this may be due to plastic degradation as
well as the minimal dynamic conditions within the mangrove swamps [3,105]. Additionally,
an aquaculture pond located in Hanoi showed a significant abundance of microplastics,
comprised of recurrent fiber-shaped particles that accounted for a cumulative percentage of
143% based on two different sampling ponds and fragments accounted for 57%. According
to Le et al. [107], the production and grade of fishery products may be impacted by the
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liquid and sediment conditions of an aquaculture lake. The sediment analysis of this lake
showed the predominance of PE and PP, accounting for 90% of the total microplastics
extracted. Both lakes may be contaminated due to the polluted Nhue streams that enter the
lake as well as the human activities surrounding the lake [107].

In Vietnam, roughly over 3000 islets of different sizes have been discovered around the
country, providing many opportunities for growth related to marine industries, including
aquaculture, tourism, and maritime transportation [110]. Approximately 8 million tons of
polymer waste are dumped in the marine area annually, causing the country to be ranked
as having the highest global polymer waste dumping rate [111]. A substantial volume of
plastic waste is generated per day, mainly consisting of plastic wrappers that are difficult
to decay. The plastic waste is mainly produced by over 2000 polymer factories, of which
450 produce wrapper materials [112]. The country has experienced substantial growth in
plastic production; as in 1990, the utilization of plastic was 3.8 kg per individual, drastically
surging to 41.3 kg per individual in 2018. That information is congruent with the fact that
residential solid waste comprising plastic escalated to 13.9% in 2017 compared to 2019,
with a percentage of 5.5% [113,114]. According to the government, based on the year 2019,
statistics showed more than 2 million tons of polymer waste produced in Vietnam, of
which a significant percentage was found to be circulating in streams, ponds, estuaries,
and wetlands.

Moreover, based on a study, it was revealed that each home in the country utilizes
roughly a mean value of 10 polymer bags per day and a monthly base consumption of
1 kg [114]. According to Lahens et al. [106], the frequency of micro debris differed between
10 and 223 microplastic/m3, as sampled from various sites of Saigon streams [106]. This
means that approximately over 200,000 tons of plastic waste are released yearly via Ho
Chi Minch City, where roughly 40,000 tons are interred, and the remaining amount is
recovered or released into the ecosystem [111]. The author also claimed that the plastic
recovery equipment utilized in the country’s largest towns is both inefficient and unsafe for
recycling [111]. In addition to the statistical reports, the conditions caused by microplastic
contamination are further explained with the detection in salts and wastewater purification
facilities. Vietnam’s salt production is based on the protracted drying of moisture and salt
precipitation retrieved via saltwater due to the unavailability of salt mines [115]. Foods
containing salt consumed by Vietnam individuals are increasing, reaching approximately
10 g per day, as salt is a primary ingredient in a majority of the country’s spices [116].

The utilization of processed salt for everyday dishes has become increasingly preva-
lent, whereas unbranded finer salts are manually made at home or by local industries [115].
Unbranded salt packets from Can Gio have the lowest number of microparticles com-
pared to the suburban regions, which were much larger, amounting to 56.98 ± 23.81 and
402.52 ± 168.43 microplastics per kg, respectively, in which both locations have an abun-
dance of PET-type polymers [115]. The author deduced that the presence of this type of
polymer might be due to the settling and staying of PET on salt throughout crystallization,
as the polymer has a greater density [115]. Moreover, processed salts contain roughly
140 microplastics, which may be due to crushing as well as refining [115]. In another study,
market salt packets showed an average amount of 340 ± 26 particles per kg, whereas pure
salt contained an average of 878 ± 101 particles per kg [117]. According to the WHO,
the individuals in the country ingest two times more salt than suggested, 10 g per day,
meaning that this double salt intake rate can cause individuals in Vietnam to consume 637
to 1270 particles annually [117,118].

Furthermore, micro debris pollution from atmospheric fallout is another situation
occurring at the Phuoc Hiep depot. In this analysis, micro debris was observed that
amounted to 1791 particles comprised of fibrous and fragmented shapes [119]. Based on
the concentration value, the amount was higher by a factor of two during the summer
season, accounting for 1801.2 particles/m2 per day, compared to the wet season, accounting
for 912.5 particles/m2 per day [119]. It was deduced that the reduced amount in the wet
seasons could possibly be caused by rain, which provides a limiting effect on the number of
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air contaminants [119]. In addition, in terms of the extent of microplastic contamination, the
beach spots of Da Nang showed roughly 745 particles in the sediment [102]. According to
the Nguyen et al., [102], more than 30570 dwellings and visitor lodgings located around Da
Nang’s 16 shore districts are partly linked to the town’s sewage network, where domestic
effluents of purified and non-purified liquids are released straight to seashores [102]. The
overflowing of effluents at coastlines frequently occurs, particularly during the monsoon
period, and the peak number of travelers could possibly further lead to the accumulation
of microplastics around the beach. The above-mentioned observation unfolding on Da
Nang beach was in line with another study related to shore sediment in two different
areas, the Tien Giang region and Vung Tau, which showed mean concentration values
that varied between 2.5 and a maximum of 44.6 particles per kg of non-moisture beach
sand [103]. Moreover, the Da Nang study related to road dust and a drain canal of Phu Loc
also revealed serious contamination of microplastics in a range of 1.78 to a maximum of
9.65 g dry road dust/m2 [108] and to a mean of 1482.0 ± 1060.4 particles/m3 on the top of
the water as well as a greater abundance of 6120 ± 2145.7 particles per kg in the canal [109].

2.7. Iran

The socioeconomic shifts have caused an increased utilization of plastics and polluted
important coastal and marine environments with microplastics. One such place is Chabahar
bay, a well-known tourist attraction of great commercial significance [39]. A microplastic
characterization study was conducted based on surface water and sediment samples
collected from this bay. In the sediment specimen analysis, microplastic fragments, pellets,
and fibers were identified that accounted for a cumulative percentage of 85.85% in the top
water sample. In fact, fibers were predominant, followed by fragments and films, which
amounted to a cumulative percentage of 89.44%. The fibers may have been prevalent due
to the presence of grill nettings in wastewater that comes from households and recreational
areas [120]. In Qatar, about 1.5% of fragments out of overall microplastics were discovered
on the surface water; however, in Chabahar bay, the percentage of fragments was higher,
about 42.54%, implying that microplastics in Chabahar have eroded over time [39].

Microplastics with a size of less than 1 mm were predominant and primarily contained
PE and PET plastic polymers, comprising 67% of the total microplastics extracted from
both sediment and water specimens. This was suggested to be due to the fact that the
sample collection spots were near populated, industrial, and tourism areas [39]. The
abundance of microplastics less than 1 mm in size was in line with another study conducted
in the Caspian Sea, where 66% of the coastal sediment specimens were microplastics
smaller than 1 mm [121], as shown in Table 5. This sea is known to be a significant
maritime ecosystem that is susceptible to a variety of commercial, shipping, and oil spill
contamination events [121]. The analysis showed high amounts of fibers, followed by
fragments [121], which accounted for 98% of the total number of microplastics. The
shapes discovered in the Caspian Sea coast are in line with studies conducted on the Aras
River, where fibers were dominant in both water and sediment specimens, amounting to
52.6% and 54.4%, respectively, followed by fragments [122]. Estuarine sediment from the
Qarasu estuary amounted to 98% fibers, followed by fragments [123], and in the Hashilan
wetland, primarily fibers, in both the top water and sediment, were found in the specimen
analysis [124], as shown in Table 5.
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Table 5. Characteristics of microplastic in Iran at various environments.

Location Environment Type of
Sample

Dominant
Shape Size Dominant

Polymers Reference

Oman Sea Chabahar Bay

Sediment

Fragments
(32.22%)

Pellet (27.37%)
Fiber (26.26%)

<1 mm (61.32%)

PE (38%)
PET (29%) [39]

Surface water

Fiber (42.54%)
Fragment
(28.66%)

Film (18.24%)

<1 mm (42.35%)

Mazandaran
Province

Caspian Sea
coast Coast Sediment

Fragment
(43.30%)

Fiber (54.75%)

250–500 µm (43%)
500–1000 µm

(23%)

PS
PE [121]

Hormozgan
Province

Bandar Abbas
beach Sediment

Foam (64.01%)
Fragment
(30.96%)

LMP (67%)
SMP (33%)

EPS, PE, PET,
PP [125]

Northwest Iran
Aras River

and Reservoir

Sediment

Fiber (54.4%)
Fragment

Film
Foam 0.1–5 mm

3–4 mm
1–2 mm

PE (37%)
PS (30%)

Cellophane
(24.4%)

[122]

Surface water

Fiber (52.6%)
Fragment

Film
Foam

Gorgan Bay Qarasu estuary Estuarine
sediment

Fiber (72%)
Fragment (26%)

1–2 mm (33%)
0.5–1mm (41%)

PP (33%)
PE (24%)
PA (21%)

[123]

Kermanshah
Province

Hashilan
Wetland

Sediment

Fiber (95.77%)

<100 µm (38.03%)
100–250 µm

(29.58%) PP, PS, PE [124]

Water <100 µm (33.33%)
100–250 µm (25%)

It has been suggested that the main causes of the significant concentration of fiber-
shaped microplastic in the examined Caspian Sea coast specimens were probably residential
sewage intake through waterways and intensive fishing practices [121]. In the Aras River
and reservoir, the larger plastics tend to erode more, showing higher amounts of disinte-
grated microplastics, leading to fiber abundance [122]. Moreover, the Aras River is also one
of the primary contributors of fiber and fragments to the ocean environments of the Caspian
Sea due to the Aras River flowing into this sea. For the Qarasu estuary, the abundance of
fibers in the Qarasu stream estuarine and, consequently, the Gorgan Bay, may be the result
of residential sewage entering the streams, contributing to the microparticles present in the
Caspian Sea because the Qarasu River is connected via a similar estuarine and flows into
the sea [123]. Wetland ecotones are known to be important components of ecosystems that
support the rapid transfer of gases, sediments, groundwater, and adjoining soils [124]. In
the Hashilan Wetland, the prevalence of microfiber pieces is presumably transported into
the research area by the air due to the low density of the environment [126].

In terms of sizes, most of the studies, as shown in Table 5, revealed microplastic sizes
of less than 1 mm; however, in the beach sediment of Bandar Abbas, the number of large
microparticles was much higher than the number of small microparticles [125]. This study
demonstrated a contrasting microplastic shape, predominantly foams, with a percentage of
64.01%, followed by fragments [125]. The province of Hormozgan is a focal point of key
industries in the town. The metropolis is established both regionally and globally due to
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its huge docks, including Rajaee as well as Bahonar, along with important sectors, notably
shipyards, petrochemical factories, aluminum production, and electricity plants. The type
of polymer found in this Bandar Abbas beach was primarily expandable polystyrene
(EPS), leading to presence of foam-shaped microplastics. They originate from fragile
shipment items, protective food packages, hot beverage drinking cups, and feeders for
costly materials and machines [125]. However, this is in contrast to the Caspian Sea, which
has an abundance of PS and PE [122], the Aras River with PE and PS, which accounted for
67% [122]. While in the Hashilan Wetland, PS, PE, and PP [126], and the Qarasu estuary,
has a cumulative of 78% of PE, PP and PA [123].

Sewage originating from ships, lighthouses, and water-balancing equipment is a sub-
stantial cause of maritime ecosystem contamination, leading to microplastics in Chabahar
Bay [39]. The Caspian Sea exhibited about 1830 microparticles, with a mean of 107.6 pieces
per kg of sediment from the coast due to moist weather patterns and the shoreline at-
tributes of the Caspian beach attracting intense increased tourist visitation [121]. Ac-
cording to UNEP [127], areas near towns with larger populations and tourists tend to
have increased marine debris surrounding Iranian shores [127]. Moreover, in another
study on the coast of Bandar Abbas, roughly 195,000 microparticles provided a mean of
3252 ± 2766 particles/m2 [125]. In addition, the Qarasu estuary and Aras River, connected
to the Caspian Sea, had an average of 217.8 ± 132.6 microplastics/kg in the sediment and
12.8 ± 10.5 microplastics/m3 in the top waters collected from the Aras River, whereas the
Qarasu estuarine had 182 ± 111 microplastics/kg in the sediment [122,123].

The Aras stream is known as the primary supply of irrigation for many industrial
facilities as well as farming regions, passing through various metropolises before reaching
the Caspian Sea [122]. The microplastics in this stream could have been contributed from
urban tributaries that access the stream, carrying a significant quantity of microplastics
toward the Aras stream [122]. According to Li et al. [128], micro debris contamination
tends to adopt a comparable trend similar to clay deposits, which are lightweight and
transferred throughout aquatic waters from greater energy habitats with larger current rates
to lesser energy conditions. Hence, this could have led to a greater number of microparticles
in Qarasu estuarine sediment with its increased clay content [123]. In another study, a
mangrove jungle close to the Bidkhoun urban region showed significant microparticle
pollution, amounting to a mean of 416 particles/m2, which was considered to be due to
inadequately processed sewage water as well as nearby urban developments [129].

To further explain the current conditions of microplastics in Iran, in a recent study,
microplastics were discovered in the atmosphere at Ahvaz town, with levels varying
between 0.002 and 0.017 microplastics/m3 and primarily fiber-shaped [124]. A slightly
higher concentration of micro debris was located in Asaluyeh County, varying between 0.3
and 1.1 microplastics/m3, which was predominantly composed of fibers [130]. The Ahvaz
site is close to housing and commercial sectors, which indicates that the local origins of
the fiber particles are significant due to fewer signs of degradation [131]. Fiber-shaped
microscopic atmospheric particles have the ability to travel large distances and directly
contaminate crop soils as well as water sources when the particles are rinsed off by rain
or other factors. According to the US EPA estimation, with a mean of 100 milligrams per
day of atmospheric particle absorption for adults and 200 milligrams a day for adolescents,
roughly a maximum of 50 and 100 microplastics per day may be taken in from atmospheric
dust by adults and adolescents, respectively [130].

Furthermore, 3459 pieces of micro debris were discovered in wastewater runoff in Iran
with a mean value of 70.66 ± 14.12 microplastics per liter of liquid, which revealed fibers as
the dominant particle shape [132]. The intended and unintended release of household poly-
mer waste that enters the Gulf waterways are projected to rise due to the growing volume of
humans brought about by industrialization and huge constructions. Bandar Abbas sewage
management facility’s effluent discharges have an estimated volume of 2040 particles/m3,
in which presumably about 120 million microplastics are released throughout the Persian
Gulf on daily basis [132]. A dense solid substance called wastewater sludge is generated
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during the purification of sewage [133], wherein the sludge contains large amounts of
nutrients that are utilized in woodlands as well as for agricultural purposes as soil manure
or enhancer [134]. Micro debris was located in the sludge of the Sari purification plant that
varied between 129 ± 17 and a maximum of 238 ± 31 particles per gram of non-moisture
sludge [134].

Most of micro debris is removed in water treatment facilities and captured in sludges
for application on crop soils and woodlands, which may result in the potential accessi-
bility of microplastics to rivers, lakes, and marine ecosystems via rain wash-off, wind, or
irrigation. The purposeful intake of organic geosolids, such as soil, slit, ground stones,
and ant pile earth, is known as geophagy [135]. Several modern indigenous people are
still engaged in geophagy at times for nutritional or cleansing reasons. Human geophagy
may have developed covertly as a result of the utilization of soils in cooking, such as red
ochre sediment, which has been applied for ages to enhance meals, acting as a spice in
Iran [135]. Soil is combined with salt that is either used in the preparation of seafood or
in suspension in freshwater to produce loaves or food dressings [135]. This has become
a concerning matter, as based on a current study, a mean value of 0.05 microplastics per
gram has been detected in the soil obtained from Hormoz island, with an abundance of
fiber-shaped particles [135].

The abundance was suspected to be due to the accumulation of locals or visitors that
wore garments made from fabrics or linens, air precipitation during the mid of collecting
and wrapping [135]. The yearly intake of micro debris is estimated to be roughly 200
with a daily highest presumptive use of salt by one standard individual of about 5 g or
equivalent to per day absorption of spices obtained from the soil at Hormoz islet [135].
The presence of microplastics in marine environment can be related to the occurrence of
dust storms in Iran that happened in 2018. Dust storms entail a huge variety of effects
on ecosystems, meteorology, and the climate; for instance, excessive dust volumes may
influence atmospheric warmth, cloud creation, and convectional movements and have been
suggested to transport iron and various minerals toward marine environments [135,136].
With a presumed content of microparticles inside soils that serving as the origin, dusts
that are approximately 0.02 particles per gram may contain roughly 2 trillion microplastics
suspended by storms, dropping about 1.5 trillion microparticles locally as well as 150 billion
pieces of micro debris across the marine environment [135,137].

Around 40 trillion microplastics may be transferred and mobilized into the atmosphere
each year as a result of dust cyclones [137], in which dust cyclones may act as substantial
intermediates for micro debris dispersion throughout marine and terrestrial ecosystems.
Flakes of snow are big, low in density, and move at slower terminal speeds compared to
rain, causing the flakes to absorb small atmospheric particles and settle on the ground [138].
In Northern Iran, where snowfall occurs, microplastics were obtained and studied that
showed the presence of micro debris, which amounted to a total of 348 microplastics,
which were primarily in the form of fiber, with a percentage of more than 90% [138]. An
implication is that this could have occurred due to airborne microparticles that fell to the
ground during the rainfall season, settling deep into the snow; additionally, travelers, as
well as mountaineers, might directly contribute substantially to the amount of small plastic
particle pollution.

Another major issue when the snow melts is related to the fact that micro debris
contaminants are conveyed toward water bodies through runoff from impermeable areas,
soil, aquifers, as well as various vegetated surfaces [139]. Moreover, dust in the classrooms
of schools and indoor buildings was recently found to be contaminated with microplastics.
Epidermal skin, pet fur, plant residue, food remnants, microbes, fabrics, ashes, building
debris, acrylic flakes, soil particles, and sprays are among the diverse as well as heteroge-
neous components that make up indoor dust [140,141]. A few samples taken from Shiraz
secondary school classrooms showed the presence of 188566 microplastics in the dust of a
classroom floor, with a high proportion of fiber-form particles [142]. It has been suggested
that the presence of these microplastics may be due to access via windows, open classroom
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doors, and being transported under footwear or on garments from the outside environ-
ment [142]. The other relevance of this pathway is probably influenced by local geology,
the closeness of the school to roadway congestion and factories, and the level of interior
airflow inside the classrooms.

A teenager may be exposed to an estimated daily amount of 113 pieces of micro
debris, assuming that a teenager occupies 40% of their time in lesson rooms and ingests
40 milligrams of debris [142]. In annual terms, teenagers are vulnerable to roughly 40 thou-
sand microparticles in lesson rooms alone [142]. In various internal buildings, dust spec-
imens taken from the Bushehr area and Shiraz showed micro debris contamination that
amounted to 1212 and 1362 microparticles, respectively [143]. Some of the sample collection
locations were a children’s playschool and a mosque, from which it can be reasoned that it
could be due to being worn off from children’s toys as well as mosque ground rugs that
may accumulate dirt and fiber-shaped microplastics. Based on the authors, the utilization
of air conditioners and chiller devices throughout the year could result in elevated amounts
of micro debris in the dust of internal buildings, especially in summer towns, such as
Bushehr and the Shiraz metropolis [143].

2.8. Thailand

Based on the beach sediment analysis conducted in Rayong province in Thailand,
microplastics were detected, predominantly fragments, accounting for 50% of those present
in the sand [144], which was in contrast to the beach areas surrounding the Phuket coast,
where fiber was significantly the most accounted for, with a percentage of 85.6% [145].
However, the Rayong province water specimen study showed more fibers than fragments,
amounting to 80% of the total, and it was suggested that this was due to the fact that fishing
operations produce fiber particles through the use of nets that contain nylon fibers utilized
for catching fish [144]. Phuket Province, with one of the country’s biggest shorelines, is
tremendously popular for travelers, with an estimated 13 million people traveling there
each year [145]. The increased levels of visitors to the beaches of Phuket could be regarded
as a possible source of fiber abundance, as the fibers may have worn off from the garments
worn by travelers.

The prevalence of microparticles was noticeably larger at beach spots that serve as
docks or departing locations where intense shipping activities could result in greater
concentrations of microplastic waste, which amounted to 188.3 ± 34.48 particles per kg of
sediment specimen [145]. The polymer types found in Phuket were PET, PS, and PP, which
were larger in number. The presence of PET was due to the close vicinity of the site to a
boat yard and traveler visitation [145]. However, PET was not discovered at the Rayong
Province sampling spots, but PP and PS were similarly found with more abundance than
PE, accounting for more than 70%. This was suggested to be due to the fact that PE may
have arisen from the recent growth of the fishing and leisure industries [144]. Additionally,
fragment-shaped microplastics are highly found in river and estuary combined areas,
such as the Chao Phraya River and estuarine area, having an abundance of fragments
in water and sediment specimens [146]. The sampling points of the river and estuarine
combination of the internal Gulf of Thailand yielded the same shape of microparticles in
liquid specimens [147]. The decreased number of fibers at the CPRE was because of fewer
sewage purification facilities surrounding the area [147].

The internal bay of Thailand was one of a location that received an influx of Chao
Phraya River drainage, which was concluded due to the similarity of dominant microplastic
shapes in the water specimens of both locations. Both river estuary sediment as well as
water yielded the same dominant types of polymers, PE and PP, as shown in Table 6. The
larger amounts of these two polymers at CPRE was assumed to be due to the large discharge
into Thailand [148]. For the internal bay of Thailand, the abundance of microplastics was
different during the rain period and summer period. During the monsoon season, the
waterways carry micro debris into the marine environment from the ground due to the
rising freshwater flow, causing microplastic pollution [147]. Fragments amounted to being
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the most dominant form in the Bandon Bay water specimens, accounting for a maximum
of 77.1%, with more PP polymer [149]. However, in the previous year, water and sediment
specimens obtained from Tapi-Phumduang, which flows into Bandon Bay, predominantly
contained fibers with greater amounts of Rayon [150].

Some of the sampling points in Bandon Bay are considered fishing sites and places
for rearing aquatic animals, particularly clams and prawn farming spots [151], and these
practices have led to a significant amount of fishing gear being abandoned at the bay [149].
The prevalence of fragments from studies conducted by Ruangpanupan et al. [149] sug-
gested that weaved poly bags are frequently utilized, particularly at sampling points
where aquaculture was prominent for bundling manure, prawn feed, and shellfish field
border poles to prevent tidal detrition. In order to conceal the border poles, which are
about 100 in numbers, more than one sack is utilized per pole in which these weaved poly
bags disintegrate into micro debris when in contact with environmental elements, such
as breeze attrition and UV rays from the sun, that will eventually cause the accumulation
of microplastics in the vicinity [149]. Moreover, fibers were found in beach sediments
surrounding the shore of Phuket, the Bay of Thailand, and Bang Yai estuarine sediment
with a prevalence of films [3,145,152]. The majority of the microplastics found in various
environments in Table 6 were below 1 mm in size.

Table 6. Characteristics of microplastics at various environment in Thailand.

Location Environment Type of Sample Dominant Shape Major
Size

Dominant
Polymers Reference

Rayong Province Beach and
river estuary

Beach sand Fragment (50%)
Fiber (41%) 100–500 µm (58%)

PE (75%)
PP (12.0%)
PS (13%)

[144]

Surface water Fiber (80%)
Fragment (19%) 100–500 µm (46%)

PE (73%)
PP (17%)
PS (10%)

Coast of southern
Thailand

Tapi-Phumduang
River and

Bandon Bay

Surface water
and sediment

Fiber
Fragment <1 mm Rayon, PP, PE,

PET [150]

Gulf of Thailand Bandon Bay Surface water
Fragment
(66–77.1%)

Foam

0.5–1 mm
(22–23.4%)

<2 mm (61.13%)

PP (57%)
PE (30%) [149]

Pak Nam,
Samut Prakan

Chao Phraya River
Estuary (CPRE)

Surface water
Fragments

Fiber
Films

- PP
PE

[146]

Sediment Fragments 0.05–0.3 mm
PE (50%)
PP (21%)
PS (7%)

Phuket Province Bang Yai canal Estuarine
sediment

Fiber (80%)
Films 0.1–5 mm

Polyester
PP
PE

PET

[152]

Gulf of Thailand Coast Sediment Fiber
0.1–0.5 mm
0.5–1 mm
Both 71%

Rayon
Polyester [3]

Inner Gulf
of Thailand

River estuaries and
coastal sea Water

Fragment
Film
Fiber

1000–5000 µm PP
PE [147]

Phuket Coastline Beaches surrounding
Phuket Coastline Sediment Fiber (85.6%)

Film (3.3%)

20–300 µm
(max 56.7%)

>300 µm (max 50%)

PET
PS
PP

PVC

[145]

The high volume of travelers touring Phuket province has induced an upsurge in
textile washing, possibly causing the Bang Yai estuarine specimens to be contaminated
with fibrous microparticles. Rayon microplastics were visibly present at two locations in
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the country: the Bay of Thailand and the Tapi-Phumduang stream ([3,150]. However, con-
trasting findings were seen in different environments, which showed a higher abundance
of PE, PP, and PS polymer types, those which are commonly derived from food wrappers,
as shown in Table 6.

Thailand holds a significant position in the worldwide plastic sector, ranking as
the 11th largest plastic manufacturer globally and the second largest based in the Asian
region [153]. Based on studies and statistics from 2020, the issue of Thailand’s maritime has
been exacerbated, causing the country to be classified as the 6th largest worldwide emitter
of plastics into the sea [154]. Rayong province is a popular vacation spot, with a record
of drawing up to 7.7 million people in 2018. However, based on the current analysis, the
location contaminated with microplastics amounted to a mean of 338.89 ± 264.94 particles
per kg in sand specimens, and a much higher mean of 1781.48 ± 1598.36 microplastics/m3

in the top water of the sea [144]. Another study based on water and sediment obtained from
the Tapi-Phumduang river yielded micro debris with a maximum value of 2.81 particles per
liter of water [150]. The authors concluded that this river obtains water from Ratchaprapa
reservior and the reservoirs’ downstream watershed is surrounded by extensive palm
and rubber plantations [150]. The river water enters Bandon Bay, passing through towns
that could be a source of microplastics and tributaries, which may serve as microparticle-
holding networks [155]. Evidently, cockle picking entails bottom dredging, which may
revitalize sediments, leading them to move and enter the surrounding water and possibly
shifting formerly deposited microplastics inside the bay [150]. Further investigations shed
light on microplastic movement from the river channel into the bay, particularly during the
monsoon period, which was thought to account for the majority of the influx of particles
from land entering Bandon Bay. As studies have shown, the number of micro debris is
three times more during large tidal cycles [151]. The movement of microplastics from rivers
such as the Tapi-Phumduang stream into Bandon Bay has definitely caused an abundance
of microplastics in the bay; where in a recent study, the bay contains 7899 detected based
on water specimen analysis [149].

Currently, Bandon Bay is at risk of degradation due to the growth of commerce and
population, leading to excessive resource utilization as well as a significant volume of
waste being generated [156]. According to Ruangpanupan et al. [156], the surface tide
moving counterclockwise could transport microparticles from the north of the bay to the
midsection and move to the southern point. With the utilization of typical concentrations
of micro debris in liquid over a tide cycle, the load of small-sized plastics in the bay was
computed to be 22.4 billion particles on a daily basis during the monsoon period [149].
Moreover, estuarine areas were also contaminated, such as the Chao Phraya River Estuarine
(CPRE), which is a primary saline aquaculture spot, generating roughly 7105 tons of fish
per year. It showed an overall total of 2704 microplastics in the estuary’s water specimens
collected [3] and the estuarine sediment obtained at the Bang Yai channel, which flows
starting from Kathu falls, traveling through huge segments of Phuket metropolis and
ending at Thailand’s west side coast, yielding 463 microplastics [152].

At CPRE, some of the collection points were close to large freight ships, which fre-
quently navigate near the estuary’s midsection and where bow waves are produced, dis-
persing water across two banks [146]. The Bang Yai channel receives huge amounts of water
coming from both household and factory effluents, causing the canal to be a contributor
to the numerous microplastic contaminants present in the sea [157], and the canal inlet is
in close proximity to a sewage purification facility as well as landfill [152]. In addition to
that, the Bang Yai canal was found to have considerably greater amounts of microplastics
than the specimens obtained from the shore of the Gulf of Thailand that amounted to a
maximum of 362.5 particles per kg of sediment [3] In a recent study based on the inner gulf
of the country, the numbers amounted to only 21.29 ±36.21 items per liter of top water
specimens [147]. This gulf of the country’s environment is susceptible to human activities
close to this environment [158], from which a hypothesis can be made that runoff transports
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a significant volume of sediment containing a large amount of plastic, primarily originating
from aquaculture practices.

In addition, a significant number of micro debris tends to be left behind as the sea
widens, reducing hydrodynamic pressure; hence, sediment within the confines of the sea
is more likely to collect and accumulate microplastics [3]. For instance, in the inner gulf,
top water movement could have caused the dispersion and lodging of particles [147]. The
quantity of secondary micro debris is predicted to have a maximum value of 79140.8 tons
annually, permeating into various ecosystems in Thailand [159]. To further explain the
condition of microplastics in Thailand, microplastic contamination has been discovered in
shrimp paste, amounting to between 6 and a maximum of 11.3 items per 10 g of paste [160].
One of the goods that the country’s fishermen pursue is shrimp paste, as various Thai
dishes depend heavily on this paste, particularly chili dips [160]. An implication is that
the micro debris could have arisen during the making of the paste with other ingredients,
such as salt, source of water, and krill that was already contaminated with particles [160].
Furthermore, wastewater purification facilities have accumulated microplastics between
77 ± 7.21 and 10.67 ± 3.51 items per liter of wastewater [161].

In the year 2020 alone, roughly 6300 tons of polymer waste were manufactured per
day in the country. The sizes of the micro debris in the sewage purification facility were
highly prevalent in the 0.05 to 0.5 mm range [161]. According to the authors, the percentage
of microparticles rose significantly in an aeration unit, up to 40.7%, in which the debris
becomes trapped in sludge and not entirely removed from the purification plant [161]. The
micro debris is then redispersed after the sludge has been recirculated and placed back into
the aeration unit [162]. The estimated leak of microplastics from purification plant effluent
day into nearby freshwater habitats is 1280 ± 421 million pieces per [161]. In the sludge,
roughly 26.3 ± 12.6 thousand microplastics per kg may be retained in the non-moisture
sludge [161], which is then applied to farming and could eventually adversely affect flora
as well as wildlife due to the presence of microparticles in the soil.

2.9. Philippines

Based on coastal environments, sediments obtained from the shores of Negros Oriental
yielded major amounts of fiber-shaped microplastics [162]. This was in line with specimens
obtained from the Cayagan de Oro shore, with a predominance of fibers followed by
fragments [163]. However, in terms of polymer types, rayon, PET, and PVC were discovered
at Negros Oriental, which is in extreme contrast to the Cagayan de Oro area, which showed
the predominance of LDPE, HDPE, and PP [162,163]. The fiber presence at the Cagayan de
Oro area shore situated at Macajalar Bay was explained to be due to the fact that household
sewage drainage released into streams probably transported the particles to the shore [163].
However, certain specimen collection spots in the seaport zone showed lower counts of
fibers and a greater number of fragment-shaped microplastics. It was concluded that
the transfer of fiber or any form of microplastic from the land to the ocean might have
been hampered by the constructed environment of the harbor and the constrained water
movements [43,163].

Based on river habitats, as shown in Table 7, fragments, films, and pellets were
commonly located in the top water and sediment specimens obtained from five different
rivers [164] and the Metro Manila stream [165] where both are situated in Manila Bay. High
counts of fragments consisted of PP-type polymer, whereas films were more prevalent
at stream entrances, which are encircled by large housing communities and where open
disposal and pervasive waste discarding are noticed [164]. Pellets were collected from the
Meycauayan stream top-level liquid where the potential cause is spillage from polymer
production sectors that are in close proximity to this stream [164,165]. A line that was
located in the sediments of Manila Bay [164] may be attributed to the number of angling
practices, aquaculture, and docks for kayaks, which are present near the sample collection
sites. Lines could also be present from straws, cords, and catchment netting from kayaks
that are stationed close to seafood shops around the stream’s entrance [164]. The types of
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polymers found in both research studies were PP and PE [164,165], and this was in line
with an analysis conducted at the Molawin watershed [166] and Cayagan de Oro shore
sediment analysis [43], as shown in Table 7.

Table 7. Characteristics of microplastic in various environments at Philippines.

Location Environment Type of
Sample

Dominant
Shape

Major
Size

Dominant
Polymers Reference

Negros Oriental Coastal of
Negros Oriental

Coastal
sediment Fiber <2000 µm

(majority 1000 µm)

Rayon
PET
PVC

[162]

Manila Bay

Canas River,
Meycauayan
River, Pasig
River and

Tullahan River

Surface water
and Sediment

SW: Films
Fragment

Pellets
S: Line

SW: 1–2.36 mm
S: 2.36–5 mm

PP
PE [164]

Manila Bay Baseco Port Bay Sediment

Fragment
(84.1%)

Fiber (4.1%)
Pellet (4.1%)
Film (3.1%)

1.6 ± 1.4 mm
(average) - [167]

Makiling Forest
Reserve, Los

Banos, Laguna

Molawin
Watershed Sediment Fragment

Fiber 100–200 µm PP
PE [166]

Macajalar Bay Cagayan de
Oro Coast

Coastal
sediment

Fiber
Fragment -

LDPE
HDPE

PP
PE

[163]

Manila Bay Metro Manila
River

Surface water
and sediment

Fragment
Film

Pellets
-

PP
PE
PS

[165]

Molawin creek yielded a predominance of fragments, followed by fiber, amounting to
71.33 pieces and 20 pieces per 100 g of non-moisture sand specimens, respectively, where
both were majorly discovered on the lower bank of the watershed [166]. Microplastics
that are larger than 2 mm were majorly found on the upper section of the bank, and a
decreased number of particles with sizes greater than 2 mm was discovered in the middle
section of the stream, followed by the lower section of the bank [166], which could be
due to temperature differences between the upper and lower sections of the bank, as
higher temperatures may lead to the faster disintegration of polymers. In addition to
that, similarly shaped microplastics were discovered at Baseco port, where the sediments
yielded fragments and fibers [167] that amounted to a cumulative percentage of 88.1%.
Smaller counts of pellets and films were also found in the environment of the study. Baseco
port is a harbor that is well-noted as a place where unofficial immigrants reside [168].
Overcrowding and the shortage of urban spaces have ultimately resulted in an unclean and
disorganized colony [169], becoming a major driver of the improper handling and dumping
of waste. Approximately 550 waste bags were gathered from the Baseco region during
a communal cleaning [170]. The port of Baseco showed more microparticle pollution in
rising water sediment specimens [167], which can be explained by the area’s proximity to
an overcrowded populated area.

3. Impacts to Environment

The impacts on the environment due to microplastic pollution in South Asian countries
are related to mainly three environments: the marine environment, terrestrial environment,
and atmospheric environment. In the marine environment, the main impact is the ingestion
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of microplastics by aquatic organisms due to the high number of microplastics in the sea as
well as the aquatic organisms misinterpreting the microplastics as food for consumption.
In the terrestrial environment, the impacts mainly relate to the sinking of microplastics into
soils that are mainly used for growing crops or agriculture purposes, causing changes to
the physicochemical properties of the soil. In terms of the atmospheric environment, the
direct impact of microplastics in the atmosphere is the settling of these particles onto the
human body, such as skin, hair follicles, and a few other receptors.

3.1. Bangladesh

The impacts on the environment due to microplastic pollution in Bangladesh are re-
lated to mainly two environments: the marine environment and the terrestrial environment.
Based on the marine environment, studies from researchers have shown microparticle
intake by sea fish as well as microparticle presence in dried fish in Bangladesh. Based on
a study conducted by Parvin, Jannat and Tareq [171], microparticles were detected in the
gastrointestinal (GI) tracts of commercial fish acquired from two fish selling spots known
as Ashulia and Savar situated in Dhaka town [171]. The occurrence in the fish samples is
related to the presence of high amounts of microplastics that have been discovered in Dhaka
lakes [31], and these fish selling spots sell fish obtained from streams, waterways, and lakes
around Dhaka, which are then delivered straight to regional shops [171]. Based on a few
studies, an analysis of fish samples purchased from the Kuakata fish selling market [172],
caught from Jamuna stream [70] as well as Hilsa Shad of an anadromous migrating breed
that are prevalent and numerous throughout the Bay of Bengal [173], showed the presence
of microparticles in the GI tracts of the species.

The fish species’ feeding spots, known as demersal, benthopelagic, and pelagic, have
an influence in terms of the number of microplastics taken in by the fish in the specified
zones. According to Pauly [174], fish species that reside and eat close to the bottom of the
sea’s column are called demersal fish species, whereas benthopelagic fish species are found
slightly beyond the bottom of the sea’s column, and pelagic fish eat near the wide surface
area of the sea’s column [171]. In most of the studies conducted based on commercial fish
samples in Bangladesh, the demersal eating area of fish tend to have a higher number of
microplastics present in the digestive tracts compared to the other two feeding spot fish
samples. In the research conducted by Parvin, Jannat and Tareq [171], compared to fish
species from benthopelagic and pelagic feeding areas, one of the demersal fish species known
as Mystus vittatus has a substantially greater frequency of small particles, amounting to
9 ± 1 micro-particles per fish [171]. This statement is in line with analysis carried out on
demersal-type fish from Jamuna stream, P. hammur [70] and Wallago attu obtained from
Kuakata [172], with an abundance of 3.8 and 3.5 ± 1.93 microplastics per species, respectively.

According to Siddique et al. [173], about 19.13 ± 10.77 microplastics per individual
Hilsa Shadfish were discovered due to misunderstanding microparticles as feed; further-
more, the particles may gather during the filtration of marine food, such as plankton [173].
Moreover, small particles have also been extracted from dried fish, with about 41.33 par-
ticles per gram in a Bombay duck species and 46 micro debris per gram in a ribbon fish
species [175]. Bangladesh’s financial economy has relied heavily on its dried fish industry
for many years. In Bangladesh, marine fish curing has indeed traditionally been performed
for a lengthy period of time, and it is predicted that approximately close to 50% of the
overall sea fish catchments are dried [175]. Micro debris could impair food flow or obstruct
swallowing organs, eventually covering the GI tract; as further evidenced by Parvin, Jannat
and Tareq. [171] upon the intake of micro debris by fish, the species tend to experience
tiredness and loss of appetite. However, these health effects stated are based on other
countries and research based on effects on fish health and physical changes to the body
after the intake of microplastics in Bangladesh is still a matter of study.

One of the impacts on the terrestrial environment in Bangladesh is the microplastic in
soils, wherein microplastics tend to reduce the effectivity of the soil used for agriculture.
According to Jung et al. [176] and Schroter et al. [177], soils serve as a medium for several
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functions, including carbon isolation and the biogeochemical cycle, as well as boosting
biodiversity [178]. Small particles may alter the physio-chemical characteristics of the soil,
which could exert a negative effect on biodiversity as well as a range of soil functions,
including the rate of organic waste decomposition in the soil. In a study conducted by
Afrin, Uddin and Rahman [178], microplastics were detected from soil specimens taken at
an urban landfill spot in Dhaka [178]. The moisture content of the soil is indeed a crucial
factor. The permeability properties of the soil may be affected in situations of excessive
moisture content in the soil, which may impact the soil’s shear strength [178]. In this
research, the soil specimens have percentages between 15.48% and 56.54%, much greater
than the ideal limit, as shown in Table 8, with an inference that it may cause changes to
metabolic functions as well as erosion [178].

Table 8. Standards for physicochemical compositions of soil.

Compositions Standard

Moisture content 10–45%

pH 7 ± 1

Electrical conductivity 200–1200 µS/cm

Alkalinity 6.5–7.5

Total organic carbon (TOC) <0.5%

Data obtained from Afrin, Uddin and Rahman [178]

In addition, the electrical conductance of the soil and soil alkalinity acts as key param-
eters of the environmental health of the soil. As per the research, the electric conductance
and alkalinity in the soil was 0.1 µS/cm to 2.43 µS/cm and 6.7 µS/cm to 14.33 µS/cm,
respectively [178]. Both values obtained were far from the optimum limits, where an
electrical conductance below 200 µS/cm and high alkalinity values imply low fertility in
the soil and fewer nutrients in the soil for intake by crops [178]. The total organic carbon in
the soil may affect several physical, as well as chemical, properties of the soil, including
the ability to store nutrients and the sturdiness of soil, prospective soil color, and nutrient
cycling. From the research soil sample, the total organic carbon was between 0.18% and
1.09%, a little more than the norm, as shown in Table 8 [178]. Huerta Lwanga et al. [179]
inferred that the presence of micro debris in soils might affect structural features, including
the raising of porosity, altering the solid form, and also equalizing with soil aggregates,
wherein these modifications may influence the microbial behavior of the soil [179].

3.2. India

In India, the impacts of microplastics on the environment are significantly related to the
marine environment in which the ingestion of microplastics by aquatic biotas, such as shrimp,
mussels, clams, and fish is largest and these are commonly consumed by the residents of India.
In a study conducted by Daniel, Ashraf and Thomas [84], “Fenneropenaeus indicus”, with the
local name of white shrimp, were obtained from Cochin, a heavily industrialized and crowded
town where fishing is a significant industry and the presence of small particles was found in
the supple tissue of shrimp [84]. The shrimp analysis showed a mean amount of about 0.39 ±
0.6 small particles per white shrimp, roughly a percentage of 30.9% [84], which is currently
still closely consistent with a study conducted in 2018 at a different location in India; for
instance, on the Northwest Coast, where about 31.7% of small particles were extracted from
the intestines of crustaceans [72]. White shrimp are known to reside and forage in muddy
depths, where microplastics commonly build up, thus causing the crustacean to be vulnerable
to small plastic debris [72].

These presences are highly concerning as crustaceans have a strong market demand
both locally and internationally due to being a desirable and nutritious seafood that con-
siderably supports the country’s seafood industry [84]. Oysters and fish on the coast of
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Tuticorin are also vulnerable to microplastics, wherein small plastic debris was detected
in an average amount ranging from 0.1 to 1.73 microplastics per gram of oyster tissue
specimens from the Tuticorin coast with significant amounts of fiber-shaped microplas-
tics [8]. While based on another study, the micro debris detected in the fish samples
amounted to a mean of 1.49 microplastics in the GI tracts per fish, predominantly fiber
and fragment small particles [75]. These findings are relatable, as based on a sediment
specimen analysis conducted in Tuticorin, microplastics with an average concentration of
83 ± 49 microdebris/m2 with a predominance of fiber micro debris [180] were discovered.
These sediments were collected from various points near the coast of Tuticorin, in which
it can be inferred that the microparticles from the sediment might have transferred to the
water of the coast induced by the action of the waves.

Tropical and subtropical areas are home to large populations of oysters that are known
to be benthic organisms that live in close proximity to the coast, deeps seas, estuaries, as
well as lagoons; additionally, oysters are filter-feeding species that exclude debris in water
in order to feed [8]. The consumption of microplastics by oysters is highly probable, as
according to Patterson et al. [8], food intake from the feeding method of oysters is through
a suction force produced by its protractile jaw to increase effectiveness when hunting
prey. In terms of the fish sample analysis, epipelagic fish that reside in deep waters have
greater particle numbers in their GI tracts compared to mesopelagic fish that reside closer
to the surface of coastal water [74]. Moreover, based on another alien fish sample study,
wherein the species was known to have entered the Vembanad pond in the course of huge
floods that hit Kerala in 2018, microplastics were extracted from the species with an overall
count of 69 pieces [72], which was in line with a sediment specimen inspection conducted
on Venbanad lake that was contaminated with microplastics accounting to 252.8 debris
pieces/m2 in mean [72].

Based on these findings, it can be deduced that the prevalence of small plastic debris in
the intestines of an alien species, which provides a clear indication of the level of pollution
in the pond water, might have ingested the plastic debris via land inputs as well as river
streams that drain liquids into Venbanad ponds. In another piece of research, seafood,
such as shrimp, squid, and crabs that are marketed as a source of food for humans, was
analyzed in Kerala to evaluate the abundance of microplastics ingested by the crustaceans
and squid. The crustaceans and squid showed a microplastic count with a mean value
of 0.07 ± 0.3 small particles per shellfish, whereas the consumable tissue specimens of
the shellfish had a mean of 0.0027 ± 0.012 microplastics per gram of tissue sample [181].
According to Daniel et al. [181], in crabs, the route for small plastic waste to enter their
body is via ventilation, whereas, for squids, cephalopods migrate vertically throughout the
daylight and nightfall, congregating toward deep sea depths during the day and rise to the
surface of the sea after nightfall, leading the cephalopods to ingest a greater abundance
of small particles as a result of exposure due to persistent movement through various
sea zones.

Daniel et al. [181] author inferred that the prevalence and nonexistence of microplastics
inside the consumable tissue of shrimp depend on the gut holding period and stomach
elimination mechanism, which act as major drivers, as a longer holding period in the stom-
ach may disintegrate plastic waste into microplastics that can move into the consumable
tissue of the shrimp. Fragments were the dominant shapes located in the consumable
tissue parts of the crustaceans and cephalopods [181], which is similar to a few studies
conducted on the beaches and coasts of India, as shown in Table 2. Again, fragments were
highly accounted for in the sediment specimens in which there are possibilities for the
transfer of fragments from sediment to the waters of the coast and beaches due to wind
and sea waves. Furthermore, in a recent analysis of yellow clams, mollusks that feed
through filtering pieces of organic materials as well as planktons floating in liquid and
that dwell continuously on a substrate by submerging to rough and thin sand bottoms, it
was found that they were contaminated with microplastics, with 19,826 extracted pieces
and an average of 138.61 ± 94.74 items per yellow clam in Maharashtra [182]. This em-
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phasizes the fact that when clams expand and open their mouths wider, these clams sieve
a larger body of water, causing the clams to ingest a greater amount of the micro debris
present in the water [182]. According to FAO, a predicted amount of 4.9 kg of shellfish is
consumed yearly per individual worldwide; taking this into consideration with a mean of
2.7 ± 12 microparticles per kg in the tissue of these specimens, an individual may roughly
ingest 13 ± 58 microplastics yearly through the consumption of shellfish alone [181].

According to a survey of bivalve intake conducted across local households, a mean
value of 120.59 g bivalve tendons is consumed each meal per individual; by taking this
into consideration, approximately a mean of 3917.79 ± 144.71 microplastics are ingested
per person annually [181]. Moreover, annually, refrigerated squid alone could transfer
776.5 million small particles outside of India through international trade (Daniel et al., 2021).
Attributed to their ability to function as a carrier of substances that might threaten the
security of seafood, microplastics are thought to be a gateway for hazards carried by
seafood [181]. Raw and cured kinds of white shrimp are commonly served in meals. For
raw shrimp, the top layer exoskeleton is eliminated to lower the chances of the human
ingestion of micro debris. On the contrary, humans are likely subjected to some level
of micro debris from the consumption of shrimp hindguts that have not been extracted,
particularly in the case of mini shrimp [84]. According to statistics from the Government of
India (2018), an approximated amount of 4584 tons of cured shrimp is produced yearly in
the country [81]. As a preliminary estimation, around 733.44 million small plastic particles
are assumed to be transferred via the intake of cured shrimp cycle alone based on an
estimated mean amount of small plastic particles in shrimps of 16 per 100 g [84].

In a recent study based on the terrestrial environment, soils were particularly impacted
by microplastic contamination in urban areas because of increased anthropogenic activities
and the fact that the soils of urban areas could potentially serve as sinking sites for micro
debris [183]. The collected soil specimens in this research were soils mainly used for
agricultural activities. The soil exhibited physicochemical changes from standard crop soils
due to microplastic pollution. Based on the analysis, the soil has a lower bulk density and
followed by a moderately lesser pH in soil specimens, which was an average of 5.84 [183]
compared to the standard 7 ± 1 [178]. In addition, the soil specimens showed greater soil
organic and nitrogen contents, closer to the threshold level, and the author inferred that
a greater level of nitrogen in soils might result in leaching [183]. Various forms of plastic
particles have the tendency to accumulate in urban soils that may potentially disintegrate
into tiny particles, leading to detrimental consequences for soil flora as well as fauna.

3.3. Indonesia

In Indonesia, the ingestion of microplastic by fish is prominent in the country’s marine
environment. One of the fish, Gambusia affinis, was polluted with small-sized particles.
According to Rautenberg et al. [184], this species is an ecological stabilization species due
to its broad range and biological significance in the human food cycle. The digestive
area and gills of the species were filled with micro debris. Both of the studied organs are
relevant to the sampling location, where the sampling points with the highest microparticle
concentration of about 5192.59 items/m3 contained fish with greater amounts of micro
debris in their gills and digestive tracts, which amounted to 2861.11 items per gram and
4125 items per gram, respectively [185]. According to Buwono, Risjani and Soegianto [186],
micro debris in the gills tends to build up during the filtration operation at the point of
respiration and feeding, whereas the deposition of small particles in their digestive tracts is
assumed to be due to the species’ jaw opening that allows the entrance of both large and
minute pieces [186,187]. Large amounts of residential waste that are generated by densely
populated areas reach the marine habitat, increasing the composition of micro debris in
the water.

In addition, according to McCauley [188], fish are a widespread species that contribute
significant ecological and economic value that can act as stress monitors in marine envi-
ronments [186]. Gambusia affinis are regarded as foreign, aggressive fish in the country as
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they can rapidly breed with a high level of adaptability to different environments [189].
In a study, an oxidative stress test in relation to the microplastics showed that the species
had positive feedback to the test, which was due to the consumption of microparticles.
According to Jabeen et al. [190] and Movahedinia et al. [191], microparticles may be caught
in the gills, leading to hypoxia strand cracks, reduced respiratory capacity, and the de-
struction of the gills, which may eventually raise the risk of illness in the species [192].
Furthermore, microplastic contamination has affected marine urchins and seagrass, with
small particles detected that amounted to 23.7 ± 2.99 particles per sea urchin and a cumu-
lative of 0.34 ± 0.07 particles/cm2 of seagrass at Barranglompo islet [193]. This island is
polluted due to extensive human activity and poor waste handling, particularly plastic
waste, which is dispersed over various portions of the area, leading to the entrance of
degraded microplastics into deep marine seagrass habitats. These particles may further
travel to sea creatures, mainly those that feed on seagrass, as particles may become attached
to the fronds of seagrasses.

Marine urchins are known to be significantly consumed by the local residents of the
islet due to their considerable economic and rich mineral content [194]. This organism
is known to be a generalist feeder that can intake large amounts of microplastics from
seawater, particularly from the unintentional consumption of sediments from the bottom
of the sea or sea grass fronds [193]. Similar to sea urchins, another substantial food in the
country of economic value is Skipjack tuna due to the prevalence of this fish throughout
the whole maritime territorial environment, and the country holds the rank as one of the
top breeders and suppliers globally [195]. However, this species was found to be filled
with micro debris, amounting to a mean of 76.72 g in the GI tract alone [195]. Moreover,
the accumulation of particles in sandfish was revealed to amount to 2.01 ± 1.59 pieces
per species. This species ingests a huge number of sediments that could be filled with
microorganisms, phytoplankton, and shellfish [196], and due to their inability to filter-feed
the particles, the species might ingest microplastics. This species is captured for regional
human consumption but also farmed in industrial fish cultures [196]. The country is known
to be a significant place for sandfish species, and there has been a surge in the sandfish
market [197].

Additionally, a mean particle concentration of 1.97 items per species of blue panchax
was discovered at Ciliwung estuarine, as debris has accumulated at the estuarine due
to tourism-related activities as well as dumping from resorts and eateries in close prox-
imity [198]. In addition, microplastic contamination in water can cause physicochemical
changes to water standards. Based on a study related to Brantas river water, the physico-
chemical changes of the water were analyzed. The analysis showed that the temperature
of the stream was 21 ◦C in the upper section of the stream and 31 ◦C in the lower sec-
tion [186], lower than the standards shown in Table 9. The growth of flora that safeguards
the upper section of the stream could have caused the temperature of the upper section
to be lower than the standards. Next, the overall suspended solids (TSS) measurements
varied between 39.0 and 750.1 mg/L, whereas the overall dissolved solids (TDS) showed
readings between 195.3 and 375.0 mg/L [186], and the TDS is within the standards shown
in Table 9. Increased amounts of TSS downstream may be a result of larger quantities of
soluble salt, high pesticides and urban waste, sewage waste, decaying vegetation, and
riverbank degradation. According to Risjani et al. [199], the streams genotoxicity could
have been mediated by the elevated TSS levels, which are produced through sediment
inflow into the Brantas river [186].
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Table 9. Standards for physicochemical parameters of water.

Parameters Standard Reference

Temperature 25–32 ◦C [200]

Total suspended solids (TSS) <400 mg/L [186]

Total dissolved solid (TDS) <1000 mg/L [186]

pH 6–9 [186]

Dissolved oxygen (DO) >4 mg/L [186]

BOD 1–8 mg/L [200]

Nitrate <10 mg/L [186]

Phosphate <1 mg/L [200]

In terms of pH, the scale read between 6.8 and 7.6 [186], and these readings are within
the standards shown in Table 9 and are ideal for the survival of the species in the river. The
DO varied between 1.4 and 8.1 mg/L [186], in which certain sampling points had values of
more than 4 mg/L, above the standard established by Supenah et al. (2015) as deduced
by the organic contaminants predominant in pollution, especially domestic waste from
household chores [201]. Lastly, the BOD values ranged between 5.9 and 20.8 mg/L [186],
and the lower section of the river showed a maximum BOD of 20.8 mg/L, relatively higher
than the standards. According to Widodo et al. [202], the BOD of water is important in
measuring the amount of available oxygen needed by organisms to break down organic
matter under aerobic conditions. The greatest BOD content was located in the lower section
of the stream, which could be due to pollution from organic waste associated with the close-
to-high level of nitrate, which varied between 1.7 and 9.2 mg/L, as well as the moderate
level of phosphate, which varied between 0.4 and 1.2 mg/L [186].

3.4. Vietnam

In Vietnam, the studies that had been conducted to investigate the impact of mi-
croplastics pollution on marine environments were limited. One of the impacts is inges-
tion by clams, wherein clams collected from the Ban Sen community showed the pres-
ence of microplastics that amounted to a range between 0.25 ± 0.16 and a maximum of
0.67 ± 2.98 items per clam [203]. Ban Sen contains roughly 150 families and about 2.6 mil-
lion clam cages, where, in 2020, roughly 2.250 tons of aquatic resources, including clams
and oysters, were produced [203]. Based on two different sampling sites, Quang Ninh
and Nam Dinh, the authors stated that juvenile clams from Quang Ninh contain a greater
number of microparticles in their tissue compared to mature clams and vice versa at Nam
Dinh [203]. The species has an abundance of pellet-shaped microplastics, contrasting with
many studies conducted based on different environments where fibers and fragments are
more prevalent.

This country is an attractive site for fishing and seafood sector growth [204]. Mollusks
are significant trade and nutritional resource for the people in the country, contributing
greatly to economic growth, and according to VASEP, mollusk cultivation in 2020 alone
yielded an overall total of 375,000 tons. Oysters obtained from Da Nang growing bay
accounted for 445 microplastics overall and an average amount of 18.54 ± 10.08 pieces
per oyster sample [204]. The authors deduced that this abundance might be attributed
to the generation of domestic waste, leading to shellfish capturing areas being highly
polluted [204]. Da Nang is very much contaminated with microplastics in various environ-
ments, such as in drainage canals [109], street dust [108], and beaches [102]. Microplastics
with fragmented shapes were located in the oysters [204] significantly more than fibers,
which were predominantly seen in several studies in Da Nang, and it has been suggested
that the limited specific surface area of the fragment-shaped particles could have caused
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them to settle and concentrate in deep waters [205], leading to a higher number of mi-
croplastics in oysters.

Polymer types, such as nylon and MUF, were identified in the oysters, and it was
deduced that the greater density of these polymers could have led to them sinking into
deep waters [204]. MUF is a prevalent thermoset resin for producing wood compounds
as well as varnishes to enhance waterproofing [204]. Oysters are cultivated specifically
around seaside regions in structures dug into the seabed or on strings dangling on rafts, and
these species are more susceptible to consuming small-sized particles that are deposited in
freshwater in situations when there is insufficient feed for the oysters [204]. Additionally,
in another bivalve analysis, the species showed roughly 2.60 pieces per bivalve, with a
predominance of PP and polyester [206].

3.5. Iran

The presence of microplastic contamination in Iran has impacted waterbodies and
terrestrial and atmospheric environments. Based on the water environment, one of the
impacts was micro debris ingestion by fish species at a wetland called Anzali, which is
located close to the Caspian Sea, which has a significant role in sustaining the welfare of
the community through leisure and angling activities. The fish species captured from this
wetland showed about 358 microplastics in the bodies of the species [207]. This area is
contaminated with many different sources, including factory waste, crop waste, hospital
wastewater, and dirty waterways, placing a severe strain on the wetland and eventually
leading to microplastic contamination in the water. There are possibilities for the species
to have unintentionally consumed substances that are present on plant surfaces, retained
in sediment, or confined inside biofilm structures [207]. The fish species analyzed were
omnivores, and such species might absorb microplastics through sediment or flora’s exterior
during consumption of benthic creatures, as the amount of debris is greater in sediments
and showed a maximum value of 3690 items per kg of sediment in Anzali swamp [208].

Omnivores tend to retain particles in the stomach for lengthier periods of time, which
may p result in a larger volume of micro debris in the digestive tracts of these species [207].
Furthermore, the stomachs of fish from the Karkheh basin, which is close to the Qarasu
stream, a significant stream in the country of the Kermanshah metropolis that supplies
water to farming areas, were contaminated with microparticles that varied between 1.5
and 15 pieces per fish with a predominance of fibers [209]. This is relatable as the Qarasu
estuarine that connects to the waterways of the area is polluted with microplastics. Studies
based on ingestion by crustaceans, shellfish, and other aquatic organisms are limited in Iran.
Based on the terrestrial ecosystem, a soil specimen analysis conducted recently in Ahvaz
town on urban and manufacturing soils showed microplastics that amounted to an overall
count of 10,940 pieces [210]. Micro debris in topsoil could have impacted flora interactions
with the topsoil by changing the morphology, liquid dynamics, and the biological growth
of plants.

According to Nematollahi et al. [210], microparticles may influence the manner in
which earthworms build their tunnels, leading to higher amounts of micro debris seeping
into ground liquids. Ahvaz’s atmospheric air contains microplastics that have been an-
alyzed and shown in a recent study [130]; thus, air precipitation could have contributed
considerably to transfer into soils from the town’s urban as well as commercial sectors,
leading to high amounts in deep soils [210]. In terms of the atmospheric environment, the
direct impact of microplastic contamination in such an environment is human exposure,
wherein the micro debris is located on the external parts of a human body. The impact of
the atmospheric ecosystem was proven with the presence of micro debris found on the
human skull, epidermis, hair strands, as well as hands and spittle, in a study conducted at
a few locations in Iran [138]. A cumulative of 16,000 microparticles was found in which
the male population had a greater count compared to the female population chosen for the
research [138].
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The prevalence of atmospheric particles, particularly fibers, was abundantly noticed
on hair follicles, which was deduced to be a consequence of meteorological conditions that
could influence the regional variations of microplastics on skulls and hair follicles [138].
It is assumed that Bushehr’s humid climate could have encouraged the adherence of
microplastics to the participants selected for the study [138]. Additionally, the utilization of
helmets by men and head veils by Iranian women serve as primary settling sites for micro
debris onto skull and hair follicles. The presence of microplastics in Iran’s land dust, as
well as airborne micro debris, is an emerging matter due to deposition onto the human
body; thus, more studies have to be conducted in Iran to further explain the situation and
its consequences.

3.6. Thailand

In Thailand, the environmental impact primarily relates to the marine environment,
where ingestion by sea animals has been observed, yet limited research has been carried
out in the country. One of the conducted studies was based on the blood of cockles as well
as green mussels acquired from a few carefully chosen markets and rearing spots. In this
study, the blood of the cockles retrieved from the rearing spot yielded fewer microplastics,
6 ± 1 pieces, compared to the market-purchased cockles, which yielded 11 ± 5 pieces per
cockle, whereas green mussels also yielded similar results of 96 ± 19 for market-purchased
and lower values of 11 ± 7 pieces per mussel from the rearing spots [211]. Approximately
193,000 tons of mollusk and an overall 21% brine aquaculture yield are delivered each
year by green mollusks [212]. According to Tuan-Ta et al. [211], the increased quantity of
microparticles in commercialized bivalves could be caused by pollution during wrapping
and shipping from rearing areas to marketplaces [211].

Additionally, bivalves for sale may be polluted by precipitated atmospheric microplas-
tics as the bivalves are presented for sale in an exposed area [213]; hence leading to more
particles being observed at the marketplace than the rearing spots. Mussels are farmed
using a variety of plastic equipment, including cords made of polypropylene and buckets
comprising polyethylene, to assist in suspending the bivalve over the water’s surface,
whereas cockles are raised by employing a sowing cultivation approach, as cockles are
prone to residing about 2 m inside of a mudflat via burying [211]. There was a predom-
inance of fragments in the bivalves exposed to nylon located in the marketplace, which
might be due to shipping and wrapping [211]. In addition, sessile invertebrates surfaced as
a species that ingested microplastics, amounting to a maximum of 0.6 pieces per gram [214].
According to this study, the key elements that influenced the concentration of the micro
debris consumed by sea creatures were the degree of contamination in the intertidal ecosys-
tem and duration away from habitat spots as well as anthropogenically impacted places
near beachfronts [214].

One of the spots where invertebrate samples were collected was Angsila, which ap-
peared to have improper management measures enforced to handle plastic contamination,
and as a result, economic shellfish and fish cultivation techniques have been negatively
impacted in the region, eventually leading to an increased buildup of microplastics [214].
Mussels and clams that have ingested microplastics were collected from Bandon Bay with
water flowing from the Tapi-Phumduang stream with a prevalence of fibers and fragments
inside the tissue specimens of both the species. This is in line with the predominance of
microplastic shapes discovered in the top water and deep sediment acquired from the
Bandon environment [150]. This bay is a significant mariculture area for its abundance
of commercially valuable shellfish [150], and it has been suggested that stream release
combined with ocean practices, such as angling and mariculture, could be a crucial source
and channel for microparticles to access Bandon Bay. Furthermore, at Songkhla, prawn
and catfish, which are popular foods in the area, were acquired, and the abdomen of these
species contained a total of roughly 172 microparticles, extracted with a predominance of
fiber-shaped forms [215].
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Catfish are known to be a benthic species that dwells inside Songkhla pond and
are widely distributed during the monsoon period until the end of the period, whereas
yellow shrimp are distributed in the outer part of the pond nearly year-long [215]. Prawns
have commercial importance, notably at this pond, where there is a high demand from
marketplaces and surrounding nations, such as Malaysia and Singapore, due to their
excellent flavor, delicate shells, and suitability for a variety of cuisines [215]. The authors
predicted that amid the COVID-19 pandemic, the majority of workers remained at home,
which could have led to more frequent laundry, removing extra fibers, which then infiltrate
drains, canals, and ponds, polluting ground and ocean animals [215]. The polyester
polymer type could have arisen from the cleaning of face covers made of fabric, whereas
rayon may be derived via laundry-generated garment lint. Moreover, it is possible that
pieces of shattered angling nets would float and gather on the sea surface at the outflow of
the pond, eventually flowing into the Gulf of Thailand [215].

Due to high waves, liquid from the ocean in the Gulf of Thailand would access
Songkhla Lake via the pond’s opening, and vice versa, the situation occurs in the mid of
lesser tides [215], leading to microplastic contamination in the Gulf of Thailand. Sating
Phra Division, situated close to the lower bay of Thailand, is among the fastest-growing
regions in terms of commercial expansion, and microplastic ingestion in demersal as well
as pelagic types of fish was demonstrated [216]. The abdomens of demersal species showed
a little larger mean count of microplastic, amounting to 5.41 particles per gram compared
to pelagic fish, which exhibited a mean count of 4.61 particles per gram, and the author
deduced that this occurrence could be the result of abundant polymer waste present on the
surface water of the sea [216]. Owing to the firmness and nature of plastic, the majority
of polymer waste tends to float on water top, wherein pelagic species could misinterpret
plastic as feed for consumption. After reaching the sea, polymers tend to remain at the top
layer of the seawater for a specific amount of time before disintegrating into smaller shards
and moving to different trophic zones in the sea, including the center zone and, eventually,
to deeper zones of water. Hence, the above has become a leading cause for the abundance
of microplastics in pelagic fish abdomens.

3.7. Philippines

The impact on the environment in the Philippines mainly relates to marine environ-
ments. Based on the marine environment, ingestion by aquatic species is prominent in the
Philippines. Market fish species obtained from Cebu islet consumed microparticles that
came to an overall count of 635 particles from 81 species, with over a 90% predominance
of fiber pieces [217]. According to the authors, the area of study is crowded with a high
number of people, approximately 1.68 million people compared to other towns within the
country [217], which may have led to micro debris pollution in the area. In another study
based on the same island, whale shark excrement contained a count of 393 microparticles,
with larger amounts of fragments shape and the PP plastic polymer group [218]. The
imperiled whale shark could devote about 7.5 h daily eating at the top level of the water,
which permits the species to filter roughly 326, 000 L of water every hour [219]. In addition,
whale sharks can effectively consume small particulates, notably fish larvae via cross-flow
screening (Motta et al., 2010 [219]) and hence potentially also consume microplastics.

Whale sharks that feed at the top level of waters in Cebu could have potentially
consumed roughly 14, 000 microplastics daily [218], presuming seawater filter efficiency
is 326, 000 L per hour and an average of 7.5 h daily devoted to eating at the top level of
the water [219]. In addition, microparticles were observed in cultivated green mussels
that varied between 0.27 and 0.41 pieces per gram at Bacoor Cove. This bay has a thriving
mussel market and is regarded as being among the country’s leading mussel growers [220].
Fibers were most counted supposedly due to the widespread usage of PP cords used by
numerous mussel growers at the bay, whereas the subsequent prevalence of fragments
can possibly be related to the utilization of readily compostable polymer bags made from
oxo-biodegradable PE [220]. Additionally, based on oyster analysis in the country from
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three different locations, 11.8 pieces in an oyster were extracted recently [221], which is
in line with another study conducted at the Bombong estuarine, where about 40 small
particles were extracted from oysters grown in the aquaculture spot.

The microplastic shapes observed in green mussels were also found in the oyster
specimens. In addition, many different fish species have been shown to have ingested
microparticles from the aquatic environment; the occurrence of microplastics are also found
in rabbitfish and mullets, which contained 85 and 33 pieces in their bodies, as obtained from
different areas of East Visayas [222]; an abundance of 97 microplastics in the gastroenteric
of all rabbitfish species taken from the Tanon Strait [223] and Negros. This observation of
similar fish species showed an ingestion of 0.6 pieces per species [162]. Rabbitfish have been
analyzed in many studies, as this species is among the main fish that are highly consumed
by the people in the country due to the flavor and rich protein content of the species.
Mullets consume sand as well as dirt along with tiny algae or natural substances [222],
causing the species to have high chances of ingesting microplastics that are under intertidal
strata as mullets are known as benthic creatures [224]. Angling is a leading sector, with a
mean intake level of roughly 40 kg of fish or derivatives from the species by an individual
yearly, leading the Philippines to be the largest worldwide in these terms [225].

As rabbit fish species are deep water consumers, the species have the potential to
persistently intake significant amounts of microparticles in situations of over-exploitation
of coastal habitats, notably excessive clearing of algae as well as the constant dumping of
polymer into waters [223]. Additionally, habitat splitting occurs frequently among rabbit
fish that shares the same resources [226]; therefore, they could be susceptible to different
microplastics, as rabbit fish have such an ecological approach. In addition, “sardinella
lemuru”, commonly called sardine, are a significant aquatic food resource in the country,
and those primarily caught offshore are filled with microplastics in the abdomen of the
species, amounting to 2238 pieces from 600 species collected [227]. This important fishing
area yields roughly 50 to 60 percent of the overall yearly output, which is then converted
into products, such as canned or bottled sardines [227]. The high presence of microparticles
in sardines from different areas in Northern Mindanao was explained by the magnitude of
the human population, which could be the reason, as in this study, the overall number of
microplastic consumed by the species substantially correlated with the number of people
living close to the collection areas [227].

4. Summary of Study

Microplastic contamination is prevalent in all South Asian countries. In summary,
based on the coastal environment, fiber and films were more commonly observed in coastal
studies in Bangladesh and the Philippines and, in contrast, fibers and smaller amounts of
fragments were observed in India, Indonesia, Iran, and Thailand. The common polymers
detected in coastal areas are rayon, nylon, PVC, HDPE, LDPE, polyester, and PP based on
the seven countries. For beach areas, fibers, fragments, foams, and pellets were located
in Bangladesh, India, Vietnam, Iran, and Thailand, all studies where PP, PE, PS, EPS,
and PET polymer forms were discovered. In terms of river environments, Bangladesh,
Indonesia, and Iran showed primarily fiber polymers, whereas Thailand and Vietnam have
a subsequent abundance of fragments, and the Philippines is the sole country that has
additional shapes of microplastics, such as films, pellets, and lines in the streams. The
polymer types predominantly located in river streams were PP, PE, polyester, LDPE, and
PS in all six South Asian countries. Based on lake and wetland specimen analysis involving
water and sediments, the prominent shapes of fibers, films, and pellets were observed with
HDPE, PVC, and PP polymer types in Bangladesh, Vietnam, and Iran, whereas Indonesian
bay environments were characterized by foam, followed by fragments, which contrasts
with the detection of microplastics in Iran, Thailand, and the Philippines that exhibited
fragment dominance, followed by fiber and pellet shapes. In all four of these countries, the
polymer types in the bay are PE, PET, PP, and PS. Mangrove area specimens in Vietnam
showed fiber dominance with larger sizes, contrasting to the findings in Indonesia that
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yielded foam and fragments smaller than 1000 µm; however, the polymer types were
identical in both countries, with PE, PP, and PS. Watershed analysis in Vietnam and the
Philippines showed common polymers of PP, PE, and PET in the shapes of fibers and
fragments. Based on the estuarine environment, fiber is the most dominant shape and
is mostly below 1 mm in size of polyester, PP, LDPE, and PE in India, Indonesia, Iran,
and Thailand. In all the studies conducted based on the seven South Asian countries, the
microplastics range in size between 100 µm and 5000 µm, with the majority having a size
below 1000 µm. Fibers are commonly observed in every country and are mainly related to
household launder waste as well as wearing off of garments, leading to the accumulation
of fiber-shaped microplastics, and another contributing factor is the higher population in
the area, which could create more launder effluents.

In addition, in every country, polyethylene was observed, where PE and PP are known
to be in plastic products, such as plastic bags, bottles, wrappers, and more items. The high
utilization and improper disposal of plastics made up of PE or PP polymer leads to the
accumulation of microplastics, as plastics are not naturally biodegradable products, and
these plastics tend to degrade due to high UV or climate-induced reasons. Additionally,
aquaculture-related activities, mainly fishing, lead to the generation of microplastics of
different forms in most of the South Asian countries reviewed in this study. Moreover,
microplastics tend to further disintegrate into smaller sizes, as low as 300 µm, which is a
result of aging and wear brought about by environmental factors as well as hydrodynamic
fluctuations. One of the reasons for the accumulation of microplastics in huge water
environments such as seas, bays or coastal areas is due to the influx of water from rivers,
lakes, waterways, or canals, which are already contaminated with microplastics. In terms
of the current conditions of microplastics in South Asian countries, the main environments
that are highly contaminated are water-based places, such as rivers, estuarine, beaches, and
seas, as the transfer of microplastic to water environments is easy due to air movement and
rainfall. Moreover, a few food items that are commonly utilized, such as sugar, teabags,
shrimp paste, and salts, have been contaminated with microplastics based on recent research
conducted in some of the countries.

In brief, the condition of microplastics in each South Asian country relates to the
abundance of microplastics found in various environments as well as the presence of
microplastics in the food and air. The main environments that are highly contaminated
are water-based places, such as rivers, estuarine, beaches, and seas, as the transfer of
microplastic to water-based places is easy due to air movement and rainfall. The majority
of the countries reviewed were characterized by the presence of microplastics in food items,
such as tea bags, sugar, and, notably, salt packets. Microplastics have also been present
in the atmosphere in a few countries, such as Indonesia, Iran, and Vietnam. The presence
of microplastics in the air leads to the settling of these particles in various areas, such as
classrooms and indoor buildings as well as being carried by snow particles and dust. In
terms of the impacts on the environment, every South Asian country has been affected in
the marine environment, where ingestion by aquatic life has been widely observed, such
as in shrimp, oysters, clams, mussels, and fish, wherein this ingestion by seafood species
could be a vulnerable pathway for human exposure to microplastics.

5. Future Works

The Sustainable Development Goals (SDGs), global goals that are a set of separate
but interrelated objectives precisely crafted to provide everyone on Earth a brighter future,
comprising numerous milestones and evaluation markers focused toward 2030. The
purpose of Sustainable Development is to promote progress that meets current requirements
without affecting the resource supply of subsequent generations [228]. Two Sustainable
Development Goals that can be related to this study are SDG 6, clean water and sanitation,
and SDG 14, for water-based life. As the microplastics issue is highly concerning in terms
of water-based environments, achieving both SDGs is highly important. Accessibility to
clean water and sanitation, as well as the sustainable maintenance of freshwater supply,
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are crucial, and they relate to Sustainable Development Goal 6 in that they boost economic
output and act as powerful multipliers for newly made expenditures in healthcare and for
educational purposes [229]. In terms of SDG 14, this goal focuses on the protection and
appropriate utilization of marine resources. According to GSMA [230], by 2100, a roughly
100 to 150 percent increase in acidity could occur, causing damage to over 50% of aquatic
species and, in 2050, it is predicted that plastics could be higher in number than fish species
present in oceans.

One of the targets of SDG 14 is to minimize and eliminate marine contamination by
inhibiting and drastically decreasing all forms of marine contamination, especially that
caused by land-based practices, such as fertilizer pollution and ocean waste disposal by
2025 [230]. Moreover, one of the targets of SDG 6 is to enhance water purity by 2030
by decreasing contamination, stopping dumping, limiting the discharge of dangerous
chemicals and substances, lowering the amount of unprocessed wastewater as well as
vastly expanding recovery and ethical reusing worldwide [229]. Hence, to achieve the aim
of SDG 6 and SDG 14, rapid measures should be taken through the implementation of
new and advanced rules related to plastic utilization, and more efficient water processing
facilities as microplastic contamination from plastics is becoming more prevalent. Persistent
improper disposals may cause more microplastic to be generated, and thus, more efficient
disposal systems and facilities must be developed, and greater attention has to be given
to developing and developed countries to prevent more accumulation and dispersion of
these microplastic to food and other environments. Higher enforcement of plastic usage
policies with stricter laws is needed, as the increased usage of plastic will cause many folds
of microplastic generation. In order to minimize fiber abundance, the innovation of good
microplastic-filtrating systems in laundry machines could possibly be a promising way
to reduce fiber microplastics from residential areas, as fibers were prominently noticed
in every South Asian country viewed in this study, and the addition of extra processing
or filtration systems in purification facilities to remove other forms of microplastics. The
characterization of microplastics in South Asian countries and the current condition of
microplastic pollution, and the impacts on the environment, were researched in this study.
Regarding the current conditions, the presence of microplastics in the food chain was
mainly observed in salt, sugar, tea bags, and many more food items in certain South
Asian Countries. Wide research has to be conducted regarding the microplastics found
in food and beverage items in South Asian Countries to locate the possible routes of
the microplastics to food and beverage goods as well as the potential consequences to
humans due to the ingestion of food and beverages contaminated with microplastics.
Microplastic contamination in the human body must be studied to better understand the
level of dispersion of microplastics.
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Abbreviations

µm micrometer
mm millimeter
cm centimeter
kg kilogram
MMT Million Metric Tons
AR Awano River
AsR Asa River
AyR Ayaragi River
MR Majime River
EPS Expanded Polystyrene
PAN Polyacrylonitrile
PDAP Polydiallyl phthalate
PE Polyethylene
PET Polyethylene terephthalate
PES Polyester
PMMA Polymethyl methacrylate
PS Polystyrene
PTFE Polytetrafluoroethylene
PP Polypropylene
PVA Polyvinyl alcohol
PVC Polyvinyl chloride
SIS Seto Inland Sea
SJ Sea of Japan
HDPE High Density Polyethylene
CA Cellulose Acetate
LMP Large Microplastics
SMP Small Microplastics
ABS Acrylonitrile Butadiene Styrene
PPE Personal Protective Equipment
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