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ABSTRACT

Plastics are defined as materials containing synthetic or semi-synthetic polymers. Due to their
chemical stability plastics take longer than usual to degrade and ultimately start to accumulate in
the environment which is termed as “plastic pollution.” Plastics often degrade into smaller
particles termed as “microplastics”. Sagar Island which is a part of the Sundarbans, a Ramsar site
of India, has been encountering an ecological threat due to the presence of micro-plastic (MP)
wastes generated from different anthropogenic sources. I estimated the abundance of micro-
plastics in sea water and sediment from different locations of Sagar Island. Microscopic
examinations revealed the presence of fibrous micro-plastics is greater compared to the other
shapes, blue and black colour micro-plastics were the dominant one. Surface degradation's and
adsorption of contaminants on micro-plastic surfaces were investigated by FESEM-EDX
analysis. compartments. ATR-FTIR and Raman spectroscopy confirmed the presence of four

types of plastic polymers in the Island.

KEYWORDS: Microplastics, Ramsar site, Anthropogenic sources, Raman spectroscopy,



1 Introduction

(a)1.1 Background and Context

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.

The accumulation of solid plastics in various ecosystems, particularly oceans, rivers, and soil,
poses threats to wildlife and human health. 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 et al., 2021).

Research on riverine systems reveals that

Soil (20 Mt)

\ 65.0%

Oceans (avg 9 Mt)

urbanization, stormwater runoff, and direct
deposition by individuals are significant
contributors to coastal litter (Mai et al., ,
2019).By 2060, mismanaged plastic waste Rwﬂs(;v'g;‘f;m\g,/-
(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., 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 and
deposition (Dris et al., 2015).

Physical, chemical, and biological processes can cause plastic waste to gradually decompose and
produce a variety of smaller plastic debris (PlasticsEurope 2019). According to Galloway and
Lewis (2016), the particles were dubbed "microplastics," and microplastic contamination

Fig 1; Estimated annual plastic waste distribution in 2022

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
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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

N /
Chemicals |
3
\

Mechanlc strass

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,

+ Small malecular products
+ Detarioralion in properies

* Ablation
» Fragmentation

+ Fragmwenls
+ Microplastics
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SRR (Lambert et al., 2017).
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Fig 2; A schematic diagram showing the general processes involved in the  breakdown cause them to accumulate in
degradation of plastics. marine environments.Upon entering marine
habitats, microplastics aggregate in offshore
regions or are redistributed into the 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 et 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 um and different morphologies (spheres, fibers, pieces, etc.) have been
identified, including polyethylene (PE), polypropylene (PP), polystyrene (PS), and polyvinyl
chloride (PVC). (deSa et al., 2018).
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. India. According to Sunitha et 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 potential threats from micro-plastic pollution, which could affect
both the local 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 et 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 essential (Blackburn & Green, 2021).

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
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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 ﬁ - P e,
. . . activities
organisms, posing  serious m .

ecological risks and potential

health hazards through bio- — . » PRED

accumulation. Addressing this

issue reqUireS integrated WaSte Microplastics Marine animals Food products Human ofgans
management strategies, public Fig 3; Microplastics accumulation in marine animals and humans due to

. anthropogenic pressure
awareness campaigns, and the

enforcement of stricter regulatory frameworks to mitigate plastic leakage into the environment.

(b) Scope and Objectives

The aims and objective of the dissertation are as follows:

1. Isolation of micro-plastic particles (<5Smm) from water and sediment of selected
experimental fields of Sagar Island.

2. Morphological characterization (shape, size & colour) of isolated micro-plastic
particles collected from above mentioned environmental matrices of Sagar Island.

3. Chemical characterization of isolated micro-plastic particles from different field

stations of Sagar Island.

(c)Achievements

In this dissertation I analyzed the the MP's samples isolated from different locations of the Sagar
Island which is a part of the Indian Sundarbans, I can con-firmly say that micro-plastics are
present in the water and sediment samples of Sagar Island and this amount is increasing day by
day due to increase in anthropogenic activities as well as climate change. Chemical
characterization of the MP's samples show the presence of mainly four different types of
polymers, FESEM-EDX analysis shows the presence of various other elements present on the

surface of MP's.


http://www.cs.stir.ac.uk/~kjt/research/conformed.html

(d)Overview of Dissertation

MP's of various origins, shapes, and colors tainted the Sagar Island water and sediment sample.
The majority of the samples were fibrous, and the most common MPS in the water and sediment
samples were blue and black. Four distinct forms of plastic polymers were identified through
chemical evaluation of the samples: PE, PVC, PS, and PET. FESEM analysis revealed a number
of surface irregularities, most likely brought on by mechanical and environmental deterioration.
The EDX spectra revealed a variety of components on the MP surface, which may indicate that
potentially hazardous environmental constituents were adsorbed. An environmental risk

assessment indicates that the Sundarbans have a high probability of MP contamination.



Review of Literature

Plastics, which are now widely used in manufacturing and packaging, are essential to our
daily lives. According to reports, the yearly production of plastics reached its greatest point
by the end of 2018 at about 359 million tons (Plastics Europe, 2019). But because of the low
recycling rate, a lot of plastics have been dumped or released into rivers, which naturally led
to their flow into the oceans (Sutherland et al., 2010). Plastics accumulate more in marine
environments due to their slow breakdown and chemical resilience. Plastics may disintegrate
after they enter the ocean due to natural factors such bio-degradation, UV exposure from
sunlight, and physical stress from waves (Andrady, 2011). Generally, plastics that are less
than 5 mm in size are categorized as primary and secondary micro-plastics (Law and
Thompson, 2014; GESAMP, 2015). A variety of anthropogenic actions and environmental
variables affect MP contamination in the sediment and water of estuaries and coastal
environments (Gao et al., 2023). Samarasinghe et al. (2021) state that the yearly usage of
plastic in India per capita weight is 11.6 kg. According to Lebreton and Andrady (2019),
India will have the most poorly managed plastic waste in the world by 2035. The largest
delta in the world, the Sundarbans, is enhanced by a thriving mangrove forest that is home to
a wide variety of plants and animals. The Ganga, Brahmaputra, and Meghna rivers merge to
form this delta at the northern Bay of Bengal. Every year, rivers in Bangladesh and India
contribute around 4 million tonnes of MP to the Bay of Bengal and the Sundarbans (Kumar
et al., 2022). According to Chatterjee et al. (2024), heteromorphic MP accumulated in the
water, sediment, and two species of resident goby fishes in India's Sundarbans.The majority
of MP in the Bay of Bengal comes from local fisheries, wastewater effluent, industrial
discharge, agriculture, and tourism, according to Sunitha et al. (2021). Furthermore, cyclonic
events that produce a lot of precipitation also contribute a lot of plastic particles to the Bay
of Bengal and convey a lot of plastic trash into the Sundarbans (Kumar et al., 2022). There
are few reports of MP pollution in the Indian Sundarbans estuary region. An ecologically
significant area with socioeconomic value is the Sundarbans. The Sundarbans face an
ecotoxicological threat from nearby areas' industrialization, tourism, urbanization, and poor
waste management. To effectively assess ecological risks and reduce MP pollution, it is
necessary to estimate the MP load in fish and abiotic components. The Sundarbans Sagar
Island may be threatened by micro-plastic contamination, which could have an impact on
human health and the region's ecology. Micro-plastics are found in water and sediments,
among other environmental compartments, according to recent research, underscoring the

necessity of localized evaluations on Sagar Island (Sahana et al., 2019).
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3 Aims and Objectives

The aims and objective of the dissertation are as follows:

1. Isolation of micro-plastic particles (<5mm) from water and sediment of selected
experimental fields of Sagar Island.

2. Morphological characterization (shape, size & colour) of isolated micro-plastic
particles collected from above mentioned environmental matrices of Sagar Island.

3. Chemical characterization of isolated micro-plastic particles from different field

stations of Sagar Island.
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4 Materials and Methods
4.1. Site selection

Sundarbans Biosphere Reserve is a

Ramsar site and largest mangrove forest C g @

. 83 ‘Mandirtala / Durbache
(Basu et.al., 2021). Sagar island, a e ( e
popular tourism destination, is situated "

on the continental shelf of Bay of — amkane
Bengal (Sharma et al.,, 2014). This
island is recognized as the most densely
populated (Hajra et al., 2012) and the

. . F Sagar island
largest island of Indian Sundarbans ‘ ‘
. . Makishamari S1 Dhoblat
(Sarkar et al., 2021).The increasing @ Chemageri B O 52 Bishalakshmipur
pressure of urbanization is making this 5 @'” ECO0 o S

. . S4 Beguakhali
site vulnerable. According to Sharma et -

al. (2014), the second-largest Fig 4 : Different sampling sites of Sagar Island for microplastics
assemblage of human devotees in India isolation

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), Bishalakhipur (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.

4.2. 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.

4.3. 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 5
ml of 30% H20: to degrade the organic matter present, the beaker was kept undisturbed for a
minimum of 8 hours or until no foam was observed (Wang et.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.
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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 5, 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 et 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 pum) and the membrane was dried and kept in a covered glass petri plate.

4.4. ldentification, physical and morphological characterization of MP

4.4.1. 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.

4.4.2. Fluorescence Microscope

20 pg ml— 1 Nile Red (CAS Number: 7385-67-3, SRL) was used to stain dried environmental
samples, which were then incubated for 10 minutes at 50 °C (Konde et al., 2020). Using
fluorescent microscopy (Olympus BX53) with excitation and emission wavelengths of 550 nm
and 580 nm, respectively, post-stained MP were analyzed. To examine, count, and characterize
the size, shape, and color of the environmental MP, photo documentation of fluorescent particles
was done at a magnification of 4x.

4.4.3. FESEM- EDX

For FESEM analysis the sample was first fixed with carbon tape followed by coating with a thin
layer of gold and palladium, since MP samples are non conductive and coating of the samples are
necessary to prevent destruction due to heat.

12



4.5. Chemical Characterization of MP

4.5.1 ATR-FTIR

Using Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (ATR-FTIR), the
polymer composition of the isolated MP was determined. This spectrometer (Bruker ALPHA
Platinum ATR-FTIR) has a pressure applicator and a diamond module with a single reflector
ATR. The analyses were conducted in the mid-IR range of 400-4000 cm—1 using a single beam
reflection mode, with 32 scans per MP particle. Acetone was used to clean the ATR crystal before
each sample was analyzed. To identify certain MP polymers, the resulting spectra were compared
to the reference spectra of Milololza et al. (2021).

4.5.2. Micro Raman Spectroscopy

Raman Spectra of the MP samples were recorded within a range of 400-3200 cm™ using a
confocal micro-Raman spectrometer (RENISHAW InVia Raman Microscope). All the Raman
Spectroscopic measures were done in room temperature with a solid-state laser of excitation
wavelength of 532 nm and 785 nm in back scattering configuration.

13



5 Results

Water Parameter Soil Parameter
Area
pH TDS(ppt) | Temp.(°c) | EC(mS/cm) |Temp.(°c)

Dhoblat 1 6.2 7.6 21.3 3.82 27
Dhoblat 2 6.18 16.15 23.16 3.87 27.6
Dhoblat 3 6.15 17.68 23.88 3.24 27.2
Bishalakhipur 1 6.19 16.62 23.53 3.37 27.7
Bishalakhipur 2 6.22 18.33 23.3 3.38 28.6

Bishalakhipur 3 6.25 18.75 2315 3.4 29
Sagar 1 6.31 19.2 23.02 2.86 26.9
Sagar 2 6.25 17.9 22.71 3.87 26.9
Sagar 3 6.35 26.45 23.24 3.63 25.4
Beguakhali 1 6.32 20.3 23.02 4 26.9
Beguakhali 2 6.3 20.34 23.76 3.93 27.4
Beguakhali 3 6.27 21.6 23.87 3.85 27.8

Table 1; Parameter of soil and water collected from different sampling sites

The above table shows the water parameter and soil parameter respectively from the 4 sampling
sites with three replicates each. For the water parameter I measured the pH, TDS and temperature.
For the soil sample I measured the temperature and the electrical conductivity of the soil. The
lowest mean pH of all the three replicates from each site was observed in Dhoblat and the highest
mean pH of all the three replicates from each site was observed in Sagar beach followed by
Beguakhali. The average pH of all the sites was observed to be_6.24.

The highest mean temperature was observed in Beguakhali and the lowest mean temperature was
observed in Dhoblat. The mean temperature of all the sites was observed to be 23.16 °C.

In the soil the highest mean EC was observed in Beguakhali and the lowest EC was observed in
Bishalakhipur. The average EC of all the sites was found to be 3.60 (mS/em). The highest mean
temperature in soil was observed in Bishalakhipur and the lowest mean temperature was
observed in Sagar beach, the mean temperature of soil from all the sites was found to be
27.37 °C.

5.1. Physical characterization of MP

5.1.1. Color and shape of microplastics

Colour of MPs can serve as an indicator of their origin, including packaging, laundry industry
and fishing gears (Wicaksono et al., 2021). Transparent plastics are commonly used as food
container, packaging material and also as transparent fishing line, whereas blue MP's mostly
originate from degradation of plastic straws, fishing and aquaculture gears. Commercial laundry
activity, wastewater treatment plant, sewage waste water, fishing gears and fishing lines have
been identified as major sources of fibrous MP's in estuarine water (Gago et al., 2018).
According to Sarkar et al. (2019),municipal effluent from washing garments might be the

14



potential sources of MP fibers in River Ganges. Higher abundance of MP fibers were recorded in
the surface water of Ganga River (Napper et al., 2021).MP fragments originated from
degradation of plastic wrappers and commercial bags. Our study recorded fibrous micro-plastic
as the most dominant followed by fragments. Fibrous micro-plastics were more prevalent in the
water samples whereas fragment micro-plastics were more prevalent in the sediment samples.
Prevalence of the fibrous MP could be linked to weathering of geotextiles and improper disposal
of household textiles (de Oliveira et al., 2023).

The coloration of MP often reflects their sources (Saad et al., 2022),moreover, they potentially
contain toxic colorants that pose risks to aquatic organisms. I identified five different coloured
MP (Fig. 5), including transparent, white, red, blue, black from four different experimental sites
of the Sagar Island. In my study black and blue micro-plastics were the most prevalent, blue and

black micro-plastics are often linked to specific sources like fishing gear and general plastic
debris.

O

# { \

.

Fig 5 Bright hiedd images of MP collected from sep water (1-3) and sand [4-6) FHuonescence mecrascopic images of MP solated from $ea
water (A} and sand (8]

[S= .

5.1.2. Surface topology and elemental characteristics of MP

Electron microscope observations of the isolated MP's from seawater and sediment revealed the
characteristics of their surface texture (Fig. 6). Structural deformities and abrasion suggested
mechanical tearing or environmental actions producing fragility and disintegration of MP
particles. According to Sanchez-Hernandez et al. (2021), cracks on the MP surface indicate
gradual weathering and oxidation brought on by continuous wave action, changes in salinity, and
solar exposure. The oxidative damage caused by temperature fluctuations in sediments is
reflected on the porous surface of MP's. Previous reports in Sundarbans mangrove environment
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confirmed the presence of trace elements in water and sediment (Kumar et al., 2019).
Understanding the surface properties of MP particles with elemental composition is possible by
FESEM-EDX investigations. After the EDX analysis of the MP surface I found the presence of
Na, Mg, Al, Si, Ca, Zn and other elements like C, N, P, O, Cl, Si in the MP samples isolated from
water and sediment. Adsorption of metal from surrounding environments is aided by the high
surface imperfections of old MP's, which include many pores, cracks, avulsions, fractures, pits,
and roughness.
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Fig 6(A): FESEM images of MP's isolated from water along with their Energy-dispersive
X-ray spectra showing surface elemental composition.

Element Weight % Atomic % Net Int.  Error % R A F
C K 10.5 17.1 53.8 14.9 0.8981 0.0358 1.0000
N K 2.1 29 333 17.9 0.9042 0.0585 1.0000
O K 40.7 49.6 1830.0 10.1 0.9092 0.1234 1.0000
Na K 13.4 11.4 1418.3 8.9 0.9219 0.2710 1.0035
AlK 3.5 25 665.1 7.5 0.9295 0.4540 1.0097
SiK 11.5 8.0 2559.9 5.9 0.9329 0.5557 1.0080
CIK 11.8 6.5 2233.7 3.9 0.9423 0.7626 1.0104
K K 1.1 0.6 177.1 7.3 0.9480 0.8188 1.0181
CaK 0.7 0.3 90.4 11.3 0.9507 0.8585 1.0223
Fe K 1.1 0.4 84.3 10.0 0.9657 0.9666 1.0751
Zn K 1.5 0.5 61.1 9.8 0.9754 0.9866 1.1352
BaL 2.1 0.3 94.7 15.0 0.9584 0.9241 1.0097

Table 2: Percentage of elements found on the surface of MP's in water
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Fig 6(B): FESEM images of MP's isolated from sand along with their Energy-dispersive X-
ray spectra showing surface elemental composition.

Element  Weight % Atomic % NetInt. Error % R A F
CK 6.8 10.8 56.9 14.7 0.8966 0.0481 1.0000

O K 54.0 64.4 3650.4 9.7 0.9079 0.1524 1.0000

MgK 0.5 0.4 96.5 11.7 0.9247 0.3349 1.0069

SiK 17.0 11.6 4736.5 5.6 0.9319 0.5714 1.0045

K K 1.9 0.9 368.5 5.0 0.9471 0.8444 1.0223

Zn K 22 0.6 107.9 7.0 0.9749 0.9877 1.1492

Bal 32 0.4 177.9 9.9 09576 09318 1.0100
Table 3: Percentage of elements found on the surface of MP's in sand

5.2. Chemical characterization of MP

By analyzing the absorption wavelength of chemical bonds found in MP samples, the isolated
MP were described (Fu et al., 2020). The non-destructive, quick, and efficient techniques for
determining the types of polymers are FTIR and Raman spectroscopy (Jin et al., 2022). To
guarantee the precise chemical characterisation of colored plastic particles, FTIR in conjunction
with Raman spectroscopy is required (Kappler et al., 2016). Isolated microplastics were
categorized into PE, PVC, PS, PET. FTIR and Raman spectra of isolated MP's are shown in Fig.
7&8 respectively.
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Fig 8: Raman Spectra of MP polymers isolated from sea water and
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6. Discussion

From Fig. 4 it can be clearly observed that all the four field sites are on the southern part of
Sagar Island. Dhoblat (S1) is a highly vulnerable area due to climate change, particularly
erosion and embankment faliure. The 2007 cyclone Sidr caused significant damage and
devastation in the Bakkhali area within the Shibpur-Dhoblat mouza, impacting settlements
and the community (Mukhopadhyay, P., & Dutta, S. C. 2007). Bishalakhipur is not a
prominent part of Sagar Island, research shows that Bishalakhipur has the least vulnerability
(Narendr. A. et. al.,2022). Sagar beach, located in the Gangasagar Island, holds significant
environmental importance as a fragile ecosystem highly vulnerable to climate change
impacts. The rising sea levels are causing erosion and land loss, impacting the island's
unique natural environment and the sacred Hindu pilgrimage site of Gangasagar Mela

(https://www.thehindu.com/news/national/west-bengal/a-pilgrimage-meets-climate-change-

on-an-island/article69212115.ece). Beguakhali, located on Sagar Island in the Sunderbans,

holds ecological significance as a coastal area vulnerable to climate change impacts,
including erosion, accretion, and increased cyclonic activity. Its location in the western
Sunderbans makes it susceptible to these factors, impacting its vegetation and soil conditions
(Paul. S. et. al., 2024).

Due to a lot of anthropogenic pressure in the Sagar Island, especially from the tourists
visiting the island, the plastics and MP's pollution has also been increased. Among all the
colours and shape of micro-plastics I isolated from the water and sediment samples, blue and
black micro-plastics were more prevalent and fibrous micro-plastics were the most common
in all the samples. Blue MP's are often associated with fishing nets whereas black MP's may
originate from tires and other rubber products, other colours of MP's like red MP's can be
found in fishing gear and textiles while white MP's can be linked to the breakdown of plastic
bags and fishing lines. MP's in a coastal environment like Sagar Island can be of various
shapes like fragments, fibrous, pellets etc. Fibrous MP's were the most common in the
isolated samples. They often arise from synthetic textiles whereas fragment MP's arise from
the breakdown of larger plastic items in the environment. After the chemical analysis of
MP's the main category of MP's were PE, PVC, PS, PET. In coastal environments like the
Sagar Island PE enters the water through anthropogenic sources and natural degradation,
additionally fishing gear, ropes and nets also contribute to PE pollution. PVC enters the
marine environment through agricultural practices and tourism activities. PS pollution in
Sagar Island likely includes tourist activities and poor waste management practices.
Similarly, PET pollution is higher due to high number of tourist activities.
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7 Conclusion

a. 7.1 Summary

MP's of heterogeneous origin, shape and colour contaminated the water and sediment sample
of Sagar Island. Blue and black MPS were the most prevalent in the water and sediment samples
and fibrous samples were the dominant in most of the samples. Chemical characterization of the
samples showed that four different types of plastic polymers were observed namely PE, PVC, PS,
PET. Various surface abnormalities were found by FESEM investigation, most likely as a result
of environmental and mechanical degradation. The presence of various elements on the MP
surface shown by the EDX spectra suggested that potentially dangerous elements from the
environment may have been adsorbed. According to an environmental risk assessment, there is a

high chance of MP contamination in the Sundarbans.

b. 7.2 Evaluation

Isolation and characterization of MP's from the four different sites of Sagar Island showed that
there is a significant amount of MP pollution in Sagar Island. Physical characterization showed
many different colours and shapes of MP in the Island, whereas chemical characterization
showed the different amount of polymers found in the Island and many different types of heavy

metals are also present on the surface of MP.

c. 7.3 Future Work

Future work in this area could be conducted in the following ways:

e Mapping and risk assessment of MP's in the Sagar Island
e Accumulation of MP's in different trophic levels in the food chain.

e Mitigation of MP's.
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Appendix

Micro-plastics Isolation from sea water

1. 5ml of, 30%. H202 into 200ml of seawater sample.
2. Keep it until 8h.
3. Filter with a glass fiber filter membrane.

4. Filter paper was dried in a glass petri dish at room temperature

Micro-plastics Isolation from sand sediment

1. Dry the soil samples at 60°C for 48h.

2. Measure 100g of sediment and sieve it through a Smm sieve.

3. Take a 250ml flask and fill it with a 200ml saturated NaCl and 50g of a sieved sediment
sample.

4. Seal it with Parrafilm.

5. Stir it at 900rpm for 2 min and leave it to settle for minimum 8h.

6. After 8h, 75-100ml of the supernatent was poured and filtered through a vacuum pump

covered with 0.47 um filter paper.
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