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A B S T R A C T

Microplastics (MPs), less than 5 mm in length, have become a major environmental issue due to 
their hazardous physical and chemical properties. The research investigated 54 sediment samples 
collected from three different zones of the beaches, namely the wrack line, beach face, and swash 
zone. This study aims to enumerate the number and polymeric variety of microplastics found in 
beach sediments from coastal islands of Bangladesh, including Sandwip, Kutubdia, and Saint 
Martin’s Island in the northeastern Bay of Bengal. NaCl solution with the density of 1.2 g/cm3 was 
used as a density-separating solvent. Microplastics were extracted using conventional protocols, 
yielding an average of 193 ± 68.9, 175.5 ± 63.1, and 266.3 ± 232 particles per kg from the 
collected samples of Sandwip, Kutubdia, and Saint Martin’s Island respectively, with five mor
photypes: fiber, film, fragment, foam, and pellet, where fiber dominated each island. White 
microplastics were most spread in both Sandwip and Saint Martin’s Island, whereas translucent 
and blue were most abundant in Kutubdia. Moreover, polypropylene (PP) was shown to be the 
greatest number of polymer groups among those analyzed microplastic particles using ATR-FTIR 
(Attenuated total reflectance-Fourier transform infrared) spectrometer. Using scanning electron 
microscopy (SEM), it was also possible to detect surface degradation, rupture, or fracture that was 
probably caused by the environment. The study emphasizes the critical need for continued 
research and monitoring to better understand the dynamics of microplastic pollution and its long- 
term impacts. By tackling the underlying causes and implementing effective management prac
tices, we can achieve a cleaner and more sustainable future for coastal communities and marine 
ecosystems.

1. Introduction

Microplastics have become an escalating issue in contemporary times due to their pervasive presence in environments closely 
connected to human activities, posing risks to ecosystems, wildlife, and human health. Their widespread occurrence, persistence, and 
potential toxicity make them a serious threat, necessitating increased attention and action to mitigate their impact on natural systems 
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Fig. 1. Study area and sediment collection points – (A) Sandwip; (B) Kutubdia; and (C) Saint Martin’s Island.
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and public health [1]. They can be introduced in the environment either as water-insoluble readymade micro-pellets, microbeads, 
microfibers, and other forms those are intentionally produced by mankind, known as primary sources [2,3] and the tiny breakage part 
of large plastic matters produced in the environment known as secondary sources [4,5]. Daily commodities, cosmetic accessories, or 
industrial sludges contribute huge amount of primary microplastics [6] while the majority of microplastics originate from secondary 
sources [7]. In fact, all kinds of sizable plastics end up into microplastics through physical, chemical, or biological degradation process 
in the surrounding [7,8]. Apart from being on terrain, plastics enter the ocean environment by three ways: wind, soil, and river 
pathways [9–11] and a large amount of microplastics have already been discovered there [12–14].

Once in the ocean, microplastics can remain suspended or floated in the water column [9,15] or translocated both horizontally and 
vertically by numerous forces like currents, waves, winds, or other else [16,17]. Eventually they settle down in either an ocean basin or 
sediments, which is a significant sink of microplastics, although they can again be exposed back to the water or deepen in the sediment 
layer if sediment gets stirred [18,19]. Benthic organisms can act as the carriers of microplastics to the next level of the food chain 
[20–22].

Organisms being confused with food particles consume microplastics, while minute microplastics can enter the tissues, blood
stream, or other internal organs of aquas organisms directly and thus enter into the food web [23]. Such small microplastics’ physical 
components and their poisonous compounds can cause health risks for the organisms, such as retardation in growth, infertility, 
blockage of body tracts, and so on [24–27]. Micro/nanoplastics negatively impacted seed germination, particularly at high concen
trations, and may have also caused the chlorophyll content of Arabidopsis thaliana to drop [28]. In addition, microplastics inhibit the 
growth of Chlorella sp., a primary producer, which has an impact on the food chain and oxygen generation [29]. Numerous dangerous 
organic substances, including diazinon [30], as well as bacteria, viruses, antibiotics, and other inorganic particles, such as heavy 
metals [31], tetracycline [32] and dyes [33] are absorbed by microplastics. Concerning levels of the aforementioned contaminants 
have been found in the Bay of Bengal [34–36]. Research has also revealed that microplastics’ capacity to attract and release organic 
and inorganic pollutants can be enhanced by higher temperatures [33].

Ultimately, microplastics can be exposed to the top most predator of the food web, humans, and cause numerous diseases like 
cardiovascular disease, cancer, obesity, oxidative stress, neurotoxic, respiratory disease, metabolic effects, reproductive and devel
opmental disorder, etc. [28,37]. The global presence of microplastics in both aquatic and land ecosystems makes them ubiquitous 
contaminants and silent threats to the ecosystem [38]. However, amidst this dire situation, the message of hope is that studies have 
demonstrated that Aspergillus sp. [39]. can break down a variety of plastic polymers, while Spirulina platensis [30] and Saccharomyces 
cerevisiae [39] may be used to remove specifically polystyrene (PS) from the environment. Another inexpensive option can be oak 
powder containing tannin components; it is excellent at removing PS microplastics through charge neutralization and surface 
adsorption methods [40]. Significant amounts of microplastics have been found around the Indian Ocean coast, including the shores of 
Bangladesh [41–44], India [45–51], Myanmar [52], Thailand, and a few other islands [47,53–55]. The Bay of Bengal, a marginal bay 
of the Indian Ocean, contains a large number of offshore islands, but only one, Saint Martin’s Island, had undergone repeated studies 
[42,44] for microplastics just because of being an important tourist destination. Nonetheless, other non-touristic islands, i.e., Sandwip 
and Kutubdia, should also receive attention because of their substantial populations who are directly or indirectly connected to the 
beach and thus involved in the marine ecosystem. It is necessary to determine the quantity of microplastics before removing them from 
the Bay of Bengal’s aquas environment, which is why the current study was required, and this is the first of its type to provide light on 
the amount, polymeric diversity, and distribution pattern of microplastics on the beaches of the studied coastal islands. Furthermore, 
disposable face masks facilitate microplastics to escape into the environment [56], which highlights the need for more research on the 
quantity of microplastics in the region under study—as it was carried out shortly after the COVID-19 epidemic when an excessive 
amount of disposable face masks were released into the environment. This study aims to analyze the types, polymers, and shapes of 
microplastics and assess their color distribution across the shorelines of the three coastal islands. Additionally, surface degradation of 
MPs will be assessed by using a scanning electron microscope (SEM) in order to better understand the indication of environmental wear 
and breakdown. This study may be vital to understand the uprising trend and extends of microplastics for legislators, environmental 
conservators, and policymakers and to take the necessary steps to mitigate the environmental, ecological, and biological diversity in 
and around the study area.

2. Materials and methods

2.1. Study area

Studied three islands are located in the north-eastern Bay of Bengal, Bangladesh. One of the three studied islands is Sandwip 
(Fig. 1A), situated between latitudes 22◦22′ and 22◦34′ N and longitudes 91◦26′ and 91◦34′ E. Geographically, the island is bordered to 
the north by the Bamuni River, to the west by the Meghna River and Hatia Island, to the east by the Sandwip Channel, and to the south 
by the Bay of Bengal [57]. Another island is Kutubdia (Fig. 1B), which lies between latitude 21◦ 44′23″ to 21◦ 55′24″ N and longitude 
91◦50′40″ to 91◦54′04″ E, situated in the south-eastern part of Bangladesh and having an area of 215.8 km2 and separated from the 
main land by the Kutubdia channel. This terrain has an elevation that ranges from 0 to 25 feet (7.6 m) above the water level. Lastly, 
only coral bearing and one of Bangladesh’s tiniest but most beautiful islands, Saint Martin’s Island (Fig. 1C), is situated in the country’s 
most southeasterly region [58,59]. In the Bay of Bengal, this island, with a dumbbell shape, is situated around 9 km south of the Cox’s 
Bazar-Teknaf Peninsula [60].
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2.2. Samples collection

For sampling, eighteen stations were selected, and three surface (up to 2 cm depth) sediment samples were collected from each 
station during low tide across the beaches in order to incorporate the wrack line, beach face, and swash zone (total point = 54) between 
March 2021 and February 2022. Fig. 1 provides a brief overview of the sample locations. Surface sediments were dug by spoon and 
kept in the zipper polythene bags, sealed and leveled with a permanent marker. Distilled water was used to wash the spoon after 
sampling at every point. After sampling, the samples were taken to the Fibre & Polymer Research Division of the Bangladesh Council of 
Scientific and Industrial Research (BCSIR) to analyze. The exact locations of sampling points were taken by the GPS tracker, which was 
calibrated to be accurate. For avoiding contamination, during the whole process some control measures were taken, as mentioned in 
Masura et al. (2015) [61].

2.3. Sample pretreatment

The samples were prepared for sieving through a 5 mm sieve to discard the substances greater than 5 mm. Samples were dried in an 
oven at 90 ◦C for 1 day to dry the moisture completely. After drying, the sediments were crushed for homogenization and prepared for 
the sieving. For preparing a solvent (brine solution), 500 mL distill water was taken in a glass beaker with NaCl (as much as 40 % of this 
water) and stirred for 15–20 min to mix them properly. The mixture was kept at rest for 30 min and measured by density meter (Model: 
DMA 5000M) at 25 ◦C temperature, and the density of the mixture was found to be 1.2 gcm− 3. By density separation, microplastics 
were floating on the surface of the mixture, which were less dense than 1.2 gcm− 3. 100 gm of dried homogenized sediments were taken 
to be mixed with the readied saturated brine solution and sonicated for 5 min at 30 ◦C. After sonication, the mixture was kept at rest for 
12 h so that microplastics could float at the surface of the mixture for density variation. All the floating microplastics were transferred 
to the filter paper. For serving the purpose, density separated upper clear supernatant was decanted and digested by 20 mL of hydrogen 
peroxide (30 % H2O2) to remove the organic debris. The solution was kept on a magnetic stirrer at 30 ◦C and 300 rpm rotation for 6 h to 
mix it well. The hydrogen peroxide solution was diluted with plenty of distill water and filtered through 0.45 μm cellulose nitrate filter 
paper with the help of a suction pump.

2.4. Enumeration and observation of the external surface of microplastics

The number of the microplastics was counted consciously and observed their morphology at 4 × magnification with the help of a 
microscope (Leica EZ4) and pictures were taken. A scanning electronic microscope (SEM) was used to examine the material surface 
phenomena and visualize them [62]. The selected plastic particles were scanned in a SEM with a high-energy electron, and the 
resulting electrons/X-rays were analyzed. These emitted electrons/X-rays provide information on a material’s topography, 
morphology, composition, grain orientation, crystallographic information, and so on.

Fig. 2. Average microplastic particle abundance per kilogram at each location. Each box has a thick center line that represents the median, a box 
height that displays the interquartile range, and whiskers that show the lowest and highest values.
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2.5. Polymeric type identification

ATR-FTIR (Attenuated total reflectance Fourier transform infrared) is a powerful analytical technique that determines a com
pound’s absorbance spectrum. By using this method, plastic particles were identified by the type of polymer that they were made from.

2.6. Quality control

As the sediment samples were kept in polyethylene bags, proper concern was there to carry them to the lab as soon as possible. To 
avoid microplastic contamination from the outside, all the liquids were filtered through a 0.45 μm sieve. To avoid external contam
ination, each solution was wrapped in aluminum foil [63]. Throughout the treatment, all kinds of measures were taken, such as not 
wearing polyester clothing and constantly wearing hand gloves along with a lab apron. Along with all precautions, blank tests were 
also performed for every batch of samples and considered the count of microplastics accordingly to validate the result.

2.7. Statistical analysis

The abundance of microplastics was provided as a mean value with a standard deviation. The Shapiro-Wilk test was used to 
determine the distribution pattern. Python and ArcGIS 10.5 were used to create visual data representations and maps, respectively.

3. Results

3.1. Microplastics abundance along the shore

The highest and lowest abundance among eighteen stations were observed in S13 at Saint Martin’s Island Jettyghat and S7 at 
Kutubdia Island, respectively. Particularly in Sandwip, Kutubdia, and Saint Martin’s Island, the highest concentrations of microplastics 
(particles/kg) were 720, 440, and 1900, respectively (Fig. 2).

All the stations, located on Sandwip, exhibited a uniform distribution (p-value = 0.098 which is greater than 0.05) of microplastics 
along shoreline, having the highest abundance in site S5 at Sandwip Jettyghat (Fig. 3A). As our control site S6 experiences the least 
amount of human interaction, it has the lowest MPs overall. Sediments of S1, S3, and S4 contain the moderate level of MPs where boat 
anchoring or other occasional activities were observed.

Kutubdia Island also experienced a homogenous microplastic distribution (p-value = 0.754 which is greater than 0.05) which 
means no significant variation in the number of microplastics along the shoreline with the highest value of microplastics in S9 
(Fig. 3B). Station S7 (Wind power mill, moderately popular site with sea wall) contained the least number of MPs in this island, 

Fig. 3. MPs concentration along the shoreline of the studied islands: (A) Sandwip; (B) Kutubdia; (C) Saint Martin’s Island.
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whereas the most abundant site was S9, which is a local beach, and no sea wall/polder was observed there during sampling. Huge 
human intervention, fish drying, and other commercial activities were reported from the site; no dredging was seen along the beach. 
The polders or sea walls prevent the continuous flow of runoff from the mainland with debris, so absence of polder can be the reason for 
the highest number of MPs in any site. However, the numbers of MPs in S8 are closer to those of S9. S8 is the only beach where the few 
resorts are located. Apart from that, the level of MPs in the sediment of sites S10 and S12 were moderate.

This study found a heterogenous distribution of microplastics (p-value = 0.018 which is less than 0.05) suggesting a significant 
variation in the number of microplastics along the shoreline of Saint Martin’s Island (Fig. 3C). Among the sites, the highest number of 
MPs were observed from S13, which serves as the main entry point to the island (Jettyghat) for tourists and locals. This location is the 
busiest area on the island, featuring the highest density of restaurants, hotels, local markets, ships, and boats. This area consequently 
attracts a significant number of tourists. Consequently, high levels of pollution may stem from various sources, including tourist and 
local activities, fragments from ships and boats, fishing nets, and untreated waste runoff. With an abundance of hotels, restaurants, and 
transport vessels, this high-traffic area plays a significant role in contributing to pollution on the island.

On the other hand, site S17, situated in the Chhera Dwip, that place goes under water periodically and thus gets washed up 
regularly, which can be the reason behind having the lowest number of microplastics, though macroplastics were abundant over there. 
Apart from them, S15 and S16 contained a moderate level of MPs in their correspondent sediments.

3.2. Microplastics distribution across the shore

Fig. 4 shows that microplastic (MP) concentrations varied across different beach zones, with the wrack line exhibiting higher MP 
occurrences than the swash and beach face zones. In this study, the number of MPs observed from the wrack line was 1670, 1370, and 
2820 particles/kg in Sandwip, Kutubdia, and Saint Martin’s Island, respectively. In contrast, the swash zone and beach face contained 
1150 and 730, 980 and 880, and 1250 and 1200 particles per kg, respectively from Sandwip, Kutubdia, and Saint Martin’s Island. From 
Fig. 4 it can be seen that the beach face and swash zone follow the normal distribution while wrack line exhibits a statistically sig
nificant difference (p-value = 0.000 which is less than 0.05) among the number of MPs. This study found that MPs were most 
concentrated in the wrack line, typically the high tide line, where litter tends to accumulate during low tide [43,44].

3.3. Shapes and colors of microplastics

Fig. 5 displays the various shapes and colors of microplastics that observed under the microscope during visual identification. These 
particles showed a range of distinct shapes, including fragments (Fig. 5A,B&C), fibers (Fig. 5F), and films (Fig. 5D and E), which were 
categorized based on their unique structural characteristics. The colors of the microplastics varied widely, with dominant hues such as 
blue, red, transparent, and turquoise, reflecting a diverse composition of materials. The identification of these shapes and colors aids in 
understanding the potential sources and environmental impact of the microplastics.

Fig. 6A illustrates the distribution of microplastic shapes along the shorelines of three offshore islands of Bangladesh. In Sandwip 

Fig. 4. Microplastic particle abundance per kilogram at different zones. Each box has a thick center line that represents the median, a box height 
that displays the interquartile range, and whiskers that show the lowest and highest values.
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Island, the microplastic composition consisted of 50.57 % fibers, 27.71 % fragments, 20.29 % pellets, and 1.43 % films. In Kutubdia 
Island, fibers were most dominant at 87.12 %, followed by 9.2 % fragments, 3.37 % films, and 0.31 % pellets. In contrast, Saint 
Martin’s Island had 73 % fibers, 17.87 % fragments, 5.51 % films, 3.04 % pellets, and 0.57 % foams (Fig. 6A).

Regarding color distribution, microplastics in Sandwip Island were predominantly white (60.87 %), followed by red (10.43 %), 
translucent (8.70 %), blue (6.96 %), violet and black (4.35 % each), pink (2.61 %), and green and orange (0.87 %). In Kutubdia, 22.11 
% were translucent and blue, 18.95 % white, 15.79 % red, 4.74 % black, with 2.11 % each for violet, orange, and green. On Saint 
Martin’s Island, microplastics were primarily white (65.94 %), with additional colors including translucent (10.14 %), red (8.7 %), 
blue (7.25 %), black (5.07 %), pink (1.45 %), and turquoise (0.72 %) (Fig. 6B).

3.4. ATR-FTIR analysis

A total of four types of polymers were identified and characterized from the 23 microplastic particles using ATR-FTIR Spectro
photometry in this study. The identified polymers include Polypropylene (PP), PET (polyethylene terephthalate) Polyvinyl Chloride 
(PVC), and Polyethylene (PE) where PP > PE > PVC > PET (Fig. 7). However, due to limitations in analyzing each microplastic 
fragment, not all collected particles could undergo polymer identification process, as many were too small to participate in the process. 
As a result, only touchable microplastics (<5 mm) were analyzed for polymer composition. A total of 23 particles were selected for 
ATR-FTIR spectroscopic identification, and all were confirmed to be microplastics.

ATR-FTIR reveals the most abundant polymer as polypropylene (PP) (72.7 %) that can come from ropes, twine, tape, carpets, 
upholstery, clothing and camping equipment. These findings are aligned with previous other studies making it stronger [50,64,65]. 
Because of its waterproof properties it is mostly used in marine section [66]. Though PP imposes low polymeric risk to environment, 
that should not be overlooked if the site incorporates huge amount of it [67]. Fig. 8A shows that the CH2-group vibration in the PP 
polymer chain is represented by four large peaks in the absorption wave number range of 3000-2800 cm− 1. The peaks at 2953.29 and 
2873 cm− 1 are ascribed to CH3 asymmetric and symmetric stretching vibrations, respectively, while the peaks at 2918.11 and 2838.48 
cm− 1 are ascribed to CH2 asymmetric and symmetric stretching vibrations, respectively [68,69]. Two strong peaks can also be seen in 
the ATR-FTIR spectra at 1460 and 1378 cm− 1. CH3 symmetric deformation vibrations are responsible for the peak at 1378 cm− 1, 
whereas CH3 asymmetric deformation vibrations or CH2 scissor vibrations are responsible for the peak at 1460 cm− 1. In the wave
number range of 1200–750 cm− 1, untreated PP film also exhibits a large number of tiny peaks. C–C asymmetric stretching, CH3 
asymmetric rocking, and C–H wagging vibrations are responsible for the peak at 1167 cm− 1, whereas CH3 asymmetric rocking vi
brations are responsible for the peak at 998 cm− 1. CH3 asymmetric

rocking and C–C asymmetric stretching vibrations are responsible for the peak at 974 cm− 1, whereas CH3 asymmetric rocking and 
C–C asymmetric and symmetric stretching vibrations are responsible for the peak at 901 cm− 1. CH2 rocking vibrations are the cause of 

Fig. 5. Images of microplastics; (A) blue fragment; (B) bluish fragment; (C) turquoise fragment; (D)+(E) transparent film; (F) red fiber.
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the peaks at 844 and 810 cm− 1 [68]. In Fig. 8B, from 2850 cm− 1 to 3000 cm− 1, the stretching frequency was acute and significant, 
displaying –CH2 symmetric stretching. For the ethylene groups from PE, this resulted from sp3 C-H stretching (Fig. 8B) [70]. According 
to the spectrum, the carbonyl group associated with the ester bond exhibited a high C=O stretch at an average of 1712 cm− 1. At about 
1462 cm− 1, the spectra showed –CH2 bending deformation. C-O-C stretching is visible in the ester vibration at maxima of 1170 cm− 1. 
Furthermore, for every spectrum, every band in the 700–900 cm− 1 frequency range was attributed to C–H out-of-plane bending 
vibrations.

Fig. 6. Percentage of (A) shapes and (B) colors of microplastics found from the islands.
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The -CH2- deformation band and C(O)-O stretching of ester groups are attributed to the two peaks at 1408 and 1238.92 cm− 1 

(Fig. 8C), respectively, which indicates it to be PET (polyethylene terephthalate).
The spectrum of poly vinyl chloride (PVC) reveals a high absorption peak C-CL stretching around 673 cm− 1, methylene groups 

(-CH-C) wagging at 1425.80 cm− 1, and -C-H extending from the CH-Cl structure at 1251.04 cm− 1 (Fig. 8D). Furthermore, it displays a 
significant vibration peak at 1727 cm− 1, which might be attributable to the carbonyl band from the phthalate plasticizer, which is 
usually utilized in PVC.

4. Discussion

4.1. Microplastics are ubiquitous

Microplastic particles were detected in all sediment samples obtained from Sandwip, Kutubdia, and Saint Martin’s Islands, 
demonstrating profound microplastic contamination in these regions, and this finding can be supported by prior literature [47,49,50,
53,55,71–74]. The present study revealed that there was a significantly higher abundance of microplastics in the sediment of a highly 
populated environment (Saint Martin’s Island Jettyghat) compared to other places that are less human interrupted. Jettyghat (S13), 
the access point to Saint Martin’s Island, is the island’s most frequently visited beach, containing a market, hotels, ships, boats, fishing 
trawlers, and an array of other vehicles. The concentration of infrastructure at this site is significantly higher than that of other 
sampling stations on the island. Activities and structures on beaches influenced the amount of microplastics over the study area; for 
instance, the sea wall can facilitate reducing the influx of microplastics by restricting the land runoff [44] which is seen in S7 
(Kutubdia). Among five polymeric types, polypropylene (PP) was the most abundant microplastic that was found from all the islands 
and this is aligned with other study conducted on Saint Martin’s Island [44].

Microplastics in Sandwip (p-value = 0.098) and Kutubdia (p-value = 0.754) showed the homogenous (as p-value> 0.05) distri
bution along the shoreline, while Saint Martin’s Island (p-value = 0.018) showed heterogeneous distribution (as p-value< 0.05) 
indicating highly variable values of microplastics from overwhelmed touristic spots to relatively calm sites [75,76]. But the beaches of 
Sandwip and Kutubdia are mostly dominated by locals rather than tourists (as populations of these two islands are higher than Saint 
martin’s island) [77] where natives produce a significant number of plastic wastes, which may be responsible for the production of 
microplastics there.

In Sandwip, the mean abundance of MPs (193 ± 68.9 items kg− 1) was higher than that of the MPs in the Barra Beach, Portugal, and 
South China, where they have reported 100 particles kg− 1 [64] and 170 particles kg− 1 [78] respectively. This increased amount of 
microplastics might be attributed to cumulatively the natives and Feni River, that runs through several industrial areas and empties 
into the Bay of Bengal, where microplastics can ultimately end up on the island’s beaches. The MPs observed in Tuticorin Beach was 
181 particles kg− 1 and another study of India [51] found closer to the mean abundance of MPs in Sandwip. However, MPs from 
different beaches like East Frisian Islands, North Sea (49600 particles kg− 1) [79]; South Andaman (414.35 ± 87.4 particles kg− 1), India 
[47]; Karnataka (264 ± 62 to 1002 ± 174 particles kg− 1), India [50] Rayong province of Eastern Thailand (568.33 ± 153.05 particles 

Fig. 7. Relative abundances of the extracted polymer types and diameter of the microplastics from Sandwip, Kutubdia, and Saint Martin’s Island, 
Bay of Bengal.

K. Kanak et al.                                                                                                                                                                                                         Heliyon 10 (2024) e40723 

9 



kg− 1) [74] Cox’s Bazar, Bangladesh (368.68 ± 10.65 particles kg− 1) [43] were significantly higher than what this study found.
In Kutubdia, the mean abundance of MPs (175.5 ± 63.1 particles kg− 1) was higher than that of the MPs in the Baja California 

Peninsula (135 ± 92 particles kg− 1), Mexico [73]; Barra Beach (100 particles kg− 1), Portugal [64] and South China (170 particles 
kg− 1) [78]. The MPs observed in Phuket Coastline (188.3 ± 34.5 items kg− 1), Thailand [55]; Tuticorin Beach (181 particles kg− 1), 
India [51] found closer to the mean abundance of MPs in Kutubdia. However, MPs from different beaches like Rhode Island (varies 
from 40 micro plastic particles to 4.6 million from 100 g sediment), USA [80]; East Frisian Islands, North Sea (49600 particles kg− 1) 
[79]; Virginia and North Carolina (600–2200 particles kg− 1), USA [81]; South Andaman (414.35 ± 87.4 particles kg− 1), India; Cox’s 
Bazar, Bangladesh (368.68 ± 10.65 particles kg− 1) (Hossain et al., 2021) were significantly higher than what this study found here. 
The amount of microplastics may rise as urbanization becomes more significant near this island and a new deep sea port (Matarbari 

Fig. 8. Types of polymers of plastics found among the studied samples: A = PP; B= PE, C= PET, D = PVC.
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Port) is under construction [82]. As a result, precautions must be introduced to preserve this island from excessive plastic contami
nation further.

In Saint Martin’s Island, the mean abundance of MPs (266.3 ± 232 particles kg− 1) was higher than that of the MPs in the Phuket 
Coastline (188.3 ± 34.5 items kg− 1), Thailand [55]; Tuticorin Beach (181 particles kg− 1), India [51]; Baja California Peninsula (135 ±
92 particles kg− 1), Mexico [73]; Barra Beach (100 particles kg− 1), Portugal [64]; and South China (170 particles kg− 1) [78]. The MPs 
observed in Odisha (258.7 ± 90.0 particles kg− 1), southeastern coast of India [83]; Andaman (249.82 ± 105.78 particles kg− 1), India 
[47,51,84]; Karnataka (264 ± 62–1002 ± 174 particles kg− 1), India [50] found closer to the mean abundance of MPs in Saint Martin’s 
Island. Furthermore, very recent studies for the investigation of MP abundance were conducted in Saint Martin’s Island where Tajwar 
et al. (2022) found the mean abundance of MPs was about 208 particles kg− 1 [44] and Al Nahian et al. (2022) found the range of MPs 
abundance was 0.33–317.67 particles kg− 1 [42]. These values slightly differ from the present study and which may be explained as due 
to the differences in site choice, sampling time, or patterns. Thus, recent two studies apparently justify the present study.

However, MPs from different beaches like East Frisian Islands, North Sea (49600 particles kg− 1); Virginia and North Carolina 
(600–2200 particles kg− 1) [71], USA; South Andaman (414.35 ± 87.4 particles kg-1), India [47]; Rayong province of Eastern Thailand 
(568.33 ± 153.05 particles kg− 1) [74]; Cox’s Bazar, Bangladesh (368.68 ± 10.65 particles kg− 1) [43] were significantly higher than 
what this study found here.

As the wrack line receives organic or inorganic debris from both the sea and land and debris is deposited due to wave action, the 
highest number of MPs was expected to be along the wrack line. The present finding could be supported by the results of Rahman et al. 
(2020) [41] and Turra et al. (2014) [85]. Again, the second-highest number of MPs was reported from the swash zone. Undoubtedly, 
the swash zone is the area which is always submerged and gets enough time for the settlement of MPs over there in the sediments [86]. 
Though the average abundance of MPs is higher along the wrack line, there exists a few anomalies having the highest value in the 
swash zone, like locations S1, S3, S10, S11, S14, S15, S17, and S18, which can be explained by the direct exposure of the area to the 
turbulence of sea water and the level of pollution by tourists [41] The reason behind the lower abundance along the wrack line could be 
that the sands were evacuated from the wrack line for making the pavement along the beach, and locations S10 and S11 are prom
inently used for the anchoring of the fishing trawlers along the swash zone, and it is well known that fishing activities contribute to the 
MPs abundance. So direct disturbance in the swash zone was the reason for having a greater number of MPs than the wrack line for 
those two sites. Swash zone of site S14 was covered by rocks and boulders, which influenced the zone to have a greater number of MPs 
over there [87,88], S15 site experiences gathering of fishing boats at the swash zone regularly, which can be the reason behind the 
higher abundance of MPs in the correspondent sediments [41].

4.2. Diverse shaped microplastics were abundant in the sampling sites

Definitely, the shapes of microplastics are used to describe their origin [51]. For instance, the majority (70.3 %) of microplastic 
particles observed from our samples were found to be fiber, which can be assumed to be from fishing nets, ropes, or clothes [78,86]. 
This finding emphasizes fishermen, natives, or tourists to be much more careful in their contribution to the marine litters [73].

A noticeable number of fragments (18 %) were also observed from the beaches, clearly indicating their origin as macroplastics, 
implying that they are primarily created by the degradation or breakage of large plastics. This finding focuses on the significance of 
preventing the entrance of plastic or microplastic litter by any of the activities of professionals, natives, or tourists, and should take the 
initiative of cleaning the marine or beach environment regularly. Since the islands do not contain any plastics industries, all the 
microplastics are assumed to be from the sludge, whether from the islands or from the sediment and runoff from nearby river systems 
and the ocean [89].

Fig. 9. Surficial images of microplastics by SEM; (A) disk; (B) film; (C) microfiber; (D) fragment; (E) pellet [overall view (upper row) with a 
corresponding closer view (lower row)].
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4.3. Color distribution of MPs along the shorelines of the coastal islands

A wide range of colors of found microplastics were observed. Since clear and transparent materials have been attributed to 
polypropylene, white plastic to polyethylene, and opaque colors to LDPE, color has been utilized as a first step in identifying the 
chemical makeup [90]. Lastly, because the degree of yellowing or darkening was linked to an increase in the carbonyl index, which in 
turn indicated the level of photooxidation or ageing, color has also been utilized as an indicator of residency time at the sea surface or 
weathering [91]. Pigmented pellets often get lighter and lose part of their original color [92]. Therefore, an assumption can easily be 
made that Sandwip and Saint Martin’s Island were dominated by the polyethylene as white MPs were highest in number there. 
Furthermore, the source of MPs has also been identified using color. Castro et al. [93] connected the high proportion of blue-colored 
MPs (60 %) found in water samples from Jurujuba (Nitero’i, RJ, Brazil) to the deterioration of blue gallon bottles used to support 
mussel farming as well as hygiene goods. In the light of this knowledge, it can be assumed that the highest proportion of the blue 
colored microplastic particles were mainly from the fragments of blue colored polyethene which were being used in the process of 
drying fish on the beaches by the native in Kutubdia Island.

4.4. Scrutinization of the surficial extent of microplastics

The scanning electron microscope (SEM) images demonstrate valuable insights into the structural characteristics and degradation 
patterns of microplastics [94]. These images reveal how small microplastic particles can serve as carriers for other particles, possibly 
enhancing the spread of contaminants across marine environments [95]. SEM images (Fig. 9) also highlighted the rupture, fracture, or 
deterioration that is occurring as a result of long-term exposure to natural conditions. The damage is particularly visible in the form of 
erosion, cracks, and surface roughness, which indicates the gradual degradation of the microplastics presented in the natural 
environment.

Fig. 9 illustrates the overall view (upper row of figure) with a corresponding closer view (lower row of figure) of them, which 
showcases distinct structural details of different shapes where A, B, C, D, and E of Fig. 9 represent disk, film, microfiber, fragment, and 
pellet, respectively. On closer inspection, the extent of degradation is visible, with damage likely due to factors such as sun exposure, 
wave action, mechanical pressure, and temperature fluctuations [96–98]. Microplastics can become fragmented and weathered under 
these conditions, increasing their surface area and, therefore, their exposure to other pollutants [98–100]. Observations such as these 
highlight the durability and persistence of microplastics in marine environments, as well as their potential role in facilitating con
taminants’ spread [101,102].

4.5. MPs polymers induce threat to the environment

The primary cause of the deterioration of polymers found on beaches or the water’s surface is photo-degradation, which is brought 
on by exposure to UV light [103,104]. This mechanism produces oxidation reactions that set off the breakdown of the polymer chain’s 
C-H chemical bonds and the production of free radicals. These will combine with oxygen to produce radicals called peroxides [105]. 
Furthermore, when exposed to ultraviolet (UV) light, polymers like PE and PP become yellow, however the underlying processes are 
still unclear. The breakdown of additives included in the polymer matrix, such as phenolic antioxidants, whose breakdown products 
contain quinoid structures that might result in this coloration, is another possible source of the yellowing phenomena [106]. In 
addition to photodegradation, biodegradation—the result of microorganisms—hydrolysis, and, lastly, erosion by mechanical proc
esses—are also, albeit to a lesser degree, accountable for the breakdown of polymers [107–109]. The polymers’ constituent chemical 
constituents have the potential to contaminate the environment [67,110]. A combination of monomers linked to catalysts and initi
ators required for the polymerization process is known as a polymer matrix. The mixture is then supplemented with additives to give 
the polymers the required characteristics. During the seldom finished polymerization events or during polymer breakdown, all of these 
chemical components can be found freely in the polymer matrix. Being free, they have the ability to move throughout the polymer life 
cycle and land in aquatic environments [111–113]. Many food products, including table salt [114–116] beer, canned food [117], tap 
water [118], and bottles of water, contain plastic particles. Twelve brands of beer, twelve brands of table salt [114] and 159 tap water 
samples were analyzed. The results indicate that each person consumes 5800 plastic particles annually from these goods. Furthermore, 
due to seafood contamination [119], an average consumer who regularly eats a lot of seafood is thought to swallow 11,000 plastic 
particles yearly. Additionally, there’s a chance of inhalation ingestion, particularly with synthetic microfibers, which are particularly 
flammable due to their tiny size and easy entry into the respiratory system [120–122]. A human being would absorb between 74,000 
and 121,000 plastic particles annually if the various pathways of ingestion (such as food and inhalation) were totaled [123].

5. Conclusion

This study highlights the pervasive presence of microplastics in the beach sediments of Sandwip, Kutubdia, and Staint Martin’s 
Island. The findings reveal significant contamination across all sampled zones. Fibers were the most prevalent of the five MP types 
across all islands, with percentages of 50.57 %, 87.12 %, and 73 % in Sandwip, Kutubdia, and Saint Martin’s Island, respectively. Using 
ATR-FTIR spectroscopy, four types of polymers were identified out of 23 selected pieces of plastic, where polypropylene (PP) [73 %] 
was the most found polymer, followed by polyethylene (PE) [14 %], polyester (PES) [8 %], and polyvinyl chloride (PVC) [5 %]. The 
higher concentration of MPs in the wrack lines points to substantial land-based sources, likely exacerbated by local and tourist ac
tivities. The variance in MP concentration along the sampling sites indicates that, while there was no discernible difference in the 
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abundance of microplastics between the studied sites in Sandwip and Kutubdia, the designated public tourist spots on Saint Martin’s 
Island are characterized by a significantly higher microplastic composition. Though not a popular tourist destination like Saint 
Martin’s Island, a significant amount of microplastics from Sandwip and Kutubdia were discovered there. Furthermore, the degraded 
and rough surficial state was observed with the help of a scanning electron microscope (SEM), which led to anticipate about the 
damage under certain environmental conditions. Addressing this issue requires immediate interdisciplinary collaboration and 
evidence-based approaches to mitigate microplastic pollution. Protecting the ecological integrity and resilience of coastal habitats is 
crucial for ensuring a sustainable future for both the environment and local communities. Implementing comprehensive coastal 
management strategies, focusing on pollution sources and promoting sustainable tourism practices, is imperative to tackle the root 
causes of microplastic contamination and promote environmental sustainability.
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