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ABSTRACT

Plastics are synthetic materials made from polymers that degrade
slowly, causing pollution and breaking into tiny microplastics (MP).
Sagar Island, in India’s Sundarbans Ramsar site, faces threats from
MP from human sources. We measured MP in seawater and sediment,
finding mostly fibrous shapes and blue or black colours. FESEM-
EDX showed surface damage and trapped pollutants. Spectroscopy
identified four polymers: PVC, PE, PET, and PS. This study provides
new data on MP levels in the area.

KEYWORDS: Plastic pollution, Microplastics, Ramsar site, Anthro-
pogenic sources, Surface degradation, Raman spectroscopy.

1. INTRODUCTION

1.1. Plastic Pollution

Plastic pollution has emerged as a critical environmental challenge in
recent times. Because of improper management and disposal practices,
a large amount of plastic waste enters the environment through various
pathways and causes serious environmental pollution problems (Jambeck
et al., 2015; Geyer et al., 2017). It was estimated that 60-99 million
tons of plastics were inappropriately disposed of in the environment
worldwide in 2015 (Lebreton and Andrady 2019). In 2024, the world
is predicted to produce 220 million tons of plastic waste, which exceeds

the world’s waste management capacity.

1.2. Plastic Accumulation in Sea and Soil

The accumulatlon of solid plastics in various ecosystems, particularly
oceans, nivers, and soil, poses threats to wildlife and human health.
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Fig. 1: Estimated annual plastic waste distribution in 2022.

Plastics may be transported from land to water primarily by precipitation,
surface runoff, and riverine transport (van Emmerik et al., 2019; Rech
et al., 2014). Fava (2022) reported that plastics contaminate the marine
environment at an extent of 80% of total marine pollution. The annual
discharge of plastic waste in the ocean is approximately 8-10 million
metric tonnes. The correlation between hydrological factors and plastic
mobilization is also notable, as flood events can significantly enhance
the transport of plastic into aquatic systems. Regions that are prone to
flooding often coincide with high potential for plastic pollution, indicating
a need for integrated flood risk management and plastic pollution
mitigation strategies (Klein ef al., 2021).

Research on riverine systems reveals that urbanization, stormwater
runoff, and direct deposition by individuals are significant contributors
to coastal litter (Mai ef al., 2019). By 2060, mismanaged plastic waste
(MPW) will be a serious problem, especially for developing nations in
Asia and Africa, which are predicted to be disproportionately affected
by future plastic buildup (Lebreton & Andrady, 2019).

While much of the focus has been on marine environments, the
accumulation of solid plastics in soil and terrestrial ecosystems has also
been documented. The implications of plastic waste disposal on public
and environmental health are profound, with studies linking plastic

waste to various ecological and health issues (Alabi Okunola et al.,
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2019). The contamination of freshwater ecosystems with plastic debris
further highlights the pervasive nature of plastic pollution, impacting not
only aquatic life but also terrestrial ecosystems through runoff ang
deposition (Dris et al., 2015).

1.3. Plastic to Microplastic Conversion
Physical, chemical, and biological processes can cause plastic waste to
gradually decompose and produce a variety of smaller plastic debris
(Plastics Europe 2019). According to Galloway and Lewis (20] 6), the
particles were dubbed “microplastics,” and microplastic contamination
emerged as a global concern. Generally, microplastics, the emerging
contaminants, with a diameter of <Smm (Zhang et al., 2025) are
obtained from plastics, which are made artificially from oil and gas
monomers (Cole et al., 2011). These microcontaminants are classified
as primary (Wang et.al., 2021) microplastics originate from cleaning
goods, such as facial cleansers, toothpastes, and shower gels and
secondary microplastics, which are degraded from bulk plastics (Auta
et. al., 2017, Gewert et. al., 2015). Microplastics from real environments
are more diverse and complex in types, shapes, sizes, and compositions,
which are believed to be related to their toxicity (Lambert ef al., 201 7).
Plastics’ chemical stability and slow breakdown cause them to
accumulate in marine environments. Upon entering marine habitats,
microplastics aggregate in offshore regions or are redistributed into the
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Fig. 2: 4 schematic diagram showing the
general processes involved in the degradation of plastics.
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Sea by winds and ocean currents. Numerous physical mechanisms,
including open ocean processes, Stokes drift, internal tides, wind force,
Langmuir circulation, ice formation, melting, and drift, among others,
control the movement of floating plastic waste in aquatic environments
(van Sebille er al., 2020). MP are highly abundant in marine
environments, especially along the coastline. Polymers with a range of
sizes from less than 50 pm to more than 1600 pm and different
morphologies (spheres, fibers, pieces, etc.) have been identified, including
polyethylene (PE), polypropylene (PP), polystyrene (PS), and polyvinyl
chloride (PVC) (de Sa ef al., 2018).

1.4. Microplastics (MP) Pollution in Sundarbans: A UNESCO
World Heritage Site

Sundarban is the world’s largest delta, enriched with a vibrant mangrove
forest that supports a diverse fauna and flora. This delta is formed by
convergence of Ganga, Bhamhaputra and Meghna River, meeting at
the northern Bay of Bengal. Sundarban and the Bay of Bengal receive
nearly 4 million tonnes of MP annually from rivers in India and Bangladesh
(Kumar et al., 2022). Chatterjee et al. (2024) reported accumulation
of heteromorphic MP in water, sediment and two species of resident
goby fishes of Sundarban of India. According to Sunitha ef al. (2021),
industrial discharge, wastewater effluent, local fisheries, agriculture,
and tourism account for the majority of MP in the Bay of Bengal.
Furthermore, cyclonic events that involve heavy precipitation contribute
a considerable amount of plastic particles to the Bay of Bengal and
bring a large amount of plastic debris into the Sundarbans (Kumar
et al., 2022). Sagar Island, located within the Sundarbans, faces potentia]
threats from micro-plastic pollution, which could affect both the local
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Fig. 3: Microplastics accumulation in marine animals and
humans due to anthropogenic pressure.
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biodiversity and human health. Recent studies indicate that micro.
plastics are present in various environmental compartments, including
water and sediments, highlighting the need for localized assessments in
Sagar Island (Sahana ef al., 2019). In the context of Sagar Island,
where local communities rely on aquatic resources, understanding the
implications of micro-plastic pollution on human health becomes esgentia
(Blackburn and Green, 2021).

1.5. Microplastics (MP) pollution in Gangasagar Island

Sagar Island, located at the confluence of the Ganges and the Bay of
Bengal, is increasingly experiencing micro-plastic pollution as a result
of various anthropogenic pressures. The most significant contributor is
the Gangasagar Mela, a large-scale annual pilgrimage that attracts
millions of visitors and generates substantial quantities of plastic waste,
including single-use items such as bags, bottles, and packaging materials.
Although waste management efforts are implemented during the event,
a considerable portion of plastic debris remains uncollected or improperly
disposed of, leading to fragmentation and the formation of micro-

plastics in terrestrial and aquatic environments. Additionally, the expansion

of tourism and urban settlements on the island has increased the

consumption of plastic products, further straining the limited waste

management infrastructure. The local fishing industry also contributes

to micro-plastic contamination through the disposal and degradation of

synthetic fishing gear and ropes. These micro-plastics are increasingly

detected in coastal sediments and marine organisms, posing serious

ecological risks and potential health hazards through bio-accumulation.

Addressing this issue requires integrated waste management strategies,

public awareness campaigns, and the enforcement of stricter regulatory

frameworks to mitigate plastic leakage into the environment.

2. MATERIALS AND METHODS

2.1. Site Selection

Sundarbans Biosphere Reserve is a Ramsar site and largest mangrove
forest (Basu et al., 2021). Sagar island, a popular tourism destination,
is situated on the continental shelf of Bay of Bengal (Sharma et al.,
2014). This island is recognized as the most densely populated (Hajra
et al., 2012) and the largest island of Indian Sundarbans (Sarkar et al.,
2021). The increasing pressure of urbanization is making this site vulnerable.
According to Sharma et al. (2014), the second-largest assemblage of
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Fig. 4: Different sampling sites of Sagar Island for microplastics isolation,

human devotees in India is the Ganga Sagar religious fair on Sagar
Island. Apart from tourism, this site is impacted environmentally with
ferry movement, domestic sewage disposal and fishing activity. My site
selection to collect the samples were Dhoblat (site S1: 21°37" 21"N
88°2’ 17"E), Bishalakshmipur (site S2: 21°50" 6"N 88°14" 5"E), Sagar
beach (site S3: 21°39” 10”N 88°04°31"E) and Lighthouse/Beguakhali (site
S4: 22°39’ 37"N 88°15” 41"E) are located along the coastline of Northern
Bay of Bengal. These sites were selected based on differential
anthropogenic pressure and availability of the experimental specimens.

2.2. Collection of Sea Water and Sand

Sea water was collected from four experimental sites with three replicates
from each site. A volume of 2L of sea surface water (from the depth
of 1-10 cm) was collected to avoid sand or sediment particles (Zhang
et al., 2020). Sand samples were collected from the beach during low
tide from an area of 0.5 m? up to a depth of 5 cm from surface (Tiwari
et al., 2019) with three replicates. Approximately 1 kg of sand samples
were collected in a glass container for each replicate of three sites and
transported to the laboratory.
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2.3. Isolation of MP from Water and Sand

200 ml of sea water with filtered residues was taken in a glass beaker
and it was treated with 10 ml of 30% H,0O, to degrade the organic
matter present, the beaker was kept undisturbed for a minimum of §
hours or until no foam was observed (Wang ef al., 2021). The digest
was filtered using a glass microfiber filter (Himedia; GF/A: 24 mm, 1.2
um), the filter paper was allowed to dry at room temperature and kept
in a covered petri plate for further identification.

The bulk soil samples were dried in a hot air oven at 60°C for 48
hours. For the sample analysis, 1 kg of dry beach sediment was sieved
with S, 4, 3.3, 2, and 1 mm sieves. Transfer the particles retained on
4, 3.3, 2 sieve and 100 g of sieved sand samples from 1 mm sieve
were collected and transferred to a glass beaker. Micro-plastics were
isolated by the density separation method as reported by Lots et al.
(2017) and Patchaiyappan ef al. (2020). The same method with slight
modification was adopted in this work to enhance the yield of micro-
plastics (Yaranal et al., 2021). 360 g NaCl (HiMedia Laboratories Pvt.
Ltd., Mumbai, India) was dissolved in 1 L distilled water to prepare
a supersaturated NaCl solution (density 1.2 g/cm’). An aliquot of
50 g air dried sediments from each site was weighted in a glass beaker
and mixed with 200 ml of supersaturated sodium chloride solution
(1.2 g/L) in a 250 ml conical flask. Stir the conical flask at 900 rpm
for 2 minutes and leave it undisturbed for a minimum of 8 hours. After
8 hours 75-100 ml of the supernatant was poured and filtered using
glass microfiber filter (Himedia; GF/A: 24 mm, 1.2 um) and the
membrane was dried and kept in a covered glass petri plate.

2.4. IDENTIFICATION, PHYSICAL AND
MORPHOLOGICAL CHARACTERIZATION OF MP

2.4.1. Bright Field Compound Microscope

The dried filter paper was observed under a compound microscope
first at 10X magnification and then under 40X magnification. The
shape, size, and color of micro-plastics were visually estimated in order
to categorize them based on their physical attributes. In both bright and
dark field imaging, it was challenging to differentiate between transparent
and white micro-plastics.
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