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ARTICLE INFO ABSTRACT

Keywords: Despite the high potential for microplastics (MPs) pollution in Bangladesh, the presence of MPs in
MleOP%aSUCSA the industrial region has largely been unexplored in Bangladesh. So, this study was conducted to
Industrial region determine whether MP pollution is prevalent in the industrial soil of Bangladesh and the extent of
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its toxicity. To examine MPs, a total of 12 soil samples were collected from the industrial region of
Narayanganj, and a stereoscopic microscope was used to visually identify the MPs. Prior to that
the technique of density separation and sieving was applied to extract MPs from those 12 soil
samples. Among the twelve investigated samples, a total of 151 MPs (Mean: 12.6 + 7.9 particles
kg~1) were identified, which were mostly white and ranged in size from 0.5 to 1 mm. Different
types of MPs according to their shapes such as fibers (60.3%), fragments (19.2%), films (10.6%),
and foam (9.9%) have been detected. 7 MPs (Mean: 0.58 + 0.79) have been found in 3 urban
farmland sites, 15 MPs (Mean: 1.87 + 1.81) in two near metropolitan areas, and 129 MPs (Mean:
4.6 + 4.39) in 7 industrial locations. Five polymers were identified by p-FTIR, among which
Polyamide predominated, followed by Polypropylene. According to risk assessments, the region
falls under hazard categories II and III, suggesting a moderate to high risk. This paper gives
thorough information on the toxicity of MP in an industrial location; therefore, it may be useful in
the development of effective methods to address environmental issues.

1. Introduction

Microplastics (MPs) have become a major concern among scientists around the world because of their ubiquitous presence in the
aquatic and terrestrial environment which are posing a serious threat to the biodiversity and ecosystem [1]. MPs are plastic particles
but smaller in size (1 pm-5 mm) and due to their strength and durability, may persist in the environment for hundreds to thousands of
years [2-5]. MPs found in the environment are divided into two main classes i.e., primary microplastics and secondary microplastics
[6]. Plastic particles that enter directly into the environment in sizes smaller than 5 mm are called primary MPs and their main sources
are cosmetic products, clothing, facial cleaners, hand cleaners, toothpaste, exfoliation scrubs, drilling fluids, children’s products,
personal healthcare products, insect repellent, fishing, and aquaculture practices, etc [7-9]. Recycling of used plastics is also
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considered a vital source of MPs [10]. Secondary MPs do not enter the environment directly, rather they are derived from the
degradation or breaking down of large plastic substances like plastic bags, plastic bottles, face masks, one-time cups, and plates. The
degradation and breaking downs of larger plastics are mainly done by wave action, chemical weathering, UV radiation, and biological
processes occurring in the natural environment [11-13]. Even sewage treatment plants where wastewater is treated can be a source of
MPs for the aquatic environment [14-16]. So, the main reason for the ubiquities MPs in the surrounding environment is ascribed to the
use of plastic products in daily life, and day by day the abundance of MPs is increasing as the use of plastic substances is also increasing
[17,18]. Over 300 million tons of plastic products are currently produced yearly whereas this quantity was only 1.5 million tons in
1950 [7].

These rapidly increasing and improperly handled MPs ultimately end up in the plants and aquatic bodies via drains, surface runoff,
the wind, or flooding. Aquatic organisms such as bivalves, mussels, zooplankton, shrimps, fishes, other invertebrates and vertebrates
consume and uptake MPs as foods [19-22]. As a result, physical damage and health hazards, such as obstructing intestinal systems or
gastrointestinal cuts, decreasing growth rate, blocked enzyme production, reproductive problems, pathological and oxidative stress
are being observed in the aquatic species [23,24].

Worldwide plastic use was approximately 460 Mt in 2019 which might increase to 1231 Mt in 2060 [25]. Plastic production and
consumption in 2019 were highest in North America, especially in the US where per capita consumption is 139 kg per year (without
fiber and rubber polymers) and represents 19% of global plastics production [26]. The top ten countries in the world that produced the
most plastic waste in 2016 are mentioned here with their values in million tons; United States (34.02) > India (26.33) > China (21.60)
> Brazil (10.68) > Indonesia (9.13) > Russia (8.47) > Germany (6.68) > United Kingdom (6.47) > Mexico (5.90) > Japan (4.88) [27].
The accumulation of microplastics has primarily been attributed to anthropogenic activities on land, such as industrial manufacturing,
agriculture, and municipal solid waste landfilling [28]. According to Browne et al. (2011), the majority of synthetic fibers discovered
in aquatic environments originate from industrial sources.

In the context of Bangladesh, where plastic is one of the highest sources of export revenue, the use of plastics increased dramatically
from 2.07 kg to 4.5 kg in just nine years (2005-2014), and the production of plastic related debris around 3000 tons per day [29,30].
The majority of these plastics are released into the environment without any kind of recycling which is polluting the aquatic envi-
ronment of Bangladesh [22,31-38]. A higher amount of MPs was identified in the Cox’s Bazar beach and St. Martin Island sediments
[39-41], Moheskhali salt pans, brown shrimp, tiger shrimp, Bombay-duck, Goldstripe Sardinella, and in the intestine of our national
fish, Hilsa shad (Tenualosa ilisha) from the northern Bay of Bengal [42-44]. Those represent a potential human exposure route through
dietary uptake. As the extent of MPs is ubiquitous from the air we breathe to the food we eat, it is essential to know exactly the
ecological and human health risks of MPs but it is a matter of regret that the assessment is still not done properly [45].

Narayangonj is one of the oldest industrial districts in the country and contributes significantly to the economic development of
Bangladesh. Around 33% of the country’s total textile mills and 55% of the country’s total knitwear manufacturing are situated in this
district [46]. The majority of the industries are located in the Sadar Upazila and day by day the industries are increasing in this area. In
2020, a considerable portion of the land (1538 acres) was converted into a built-up area which reduced the vegetation cover (15.85%)
and water body (7.65%) of the study area [47]. To date, no studies have been conducted in this region to assess the MPs in the
sediments and the ecological dangers they pose. The present study intends to investigate the abundance, distribution, and potential
risks of MPs contamination in this industrial region. This study provides a first insight of microplastic pollution in the industrial region
of Narayanganj and will be helpful to the municipal authority to manage plastic and microplastic pollution as well as to implement new
regulations related to plastics and MPs.

2. Study area

The research area of Narayanganj lies in the central Bangladesh region of the broader Bengal Basin. The Basin covers a larger
portion of Bangladesh and parts of West Bengal. The basin is defined by a thick sequence of sedimentary rocks, including sandstones,
siltstones, and shales, deposited in various habitats, such as deltas, floodplains, and shallow marine environments [48]. The area
includes the floodplains of major rivers like the Ganges, Brahmaputra, and Meghna, in addition to the rivers that flow into and out of
them. The Shitalakshya, a major tributary of the Brahmaputra River that flows through the area of interest, is also an important source
of sediment for the Bengal Basin. The river is known for transporting great amounts of sand and silt downstream [49].

Narayanganj, one of Bangladesh’s oldest, most important, and busiest river ports, lies in the middle of the country. Due to its central
location, the national and regional roads pass through Narayanganj. Massive industrialization is both the boon and the bane of this
district. Population growth, rapid urbanization, etc. are the major factors causing environmental deterioration here [50].

Since the mid-19th century, the area has been commonly referred to as the Dundee of the East for its fascinating East-West fusion
with world-class jute mills and textiles. By generating numerous employment opportunities in different industries, the city welcomed
and housed tens of thousands of inhabitants and migrants from all over the country [51]. Being one of the most densely populated
districts in Bangladesh, Narayanganj stands with a population of approximately 2.9 million people as of 2011 and a population density
of 9444 inhabitants per square kilometer, which is significantly higher than the national average of 976 [52]. Being home to a variety
of industries, including textiles, ceramics, pharmaceuticals, and food processing, Narayanganj generates a significant amount of waste
that can potentially contaminate the environment [53].



M. Tajwar et al. Heliyon 9 (2023) 17949

90°27'0"E 90°300"E 4 90°330"E

= .

> >
Fea -

5l 5y

oy oy

~ (o]

Narayanganj City
Corporation

z z Myanmar

=3 =
Fa= =

& &

bg g

z z

= =)
e e

1% &

oy oy

~ ~

® Sampling
Location
& I Major River
] Boundary

4 r4

= (| | I | Km z
L o 5 10 20 30 40 g

g &

. 90"2?‘0"E 90°BQ’0"E 90"31?’0"E e}

Fig. 1. Location map showing the sampling sites in Narayanganj, Bangladesh.

3. Methodology
3.1. Sample collection and preparation

Samples have been taken from 12 sites close to the acceesible industrial, urban, and suburban areas of the Narayanganj region
(Fig. 1). Using a clean scraper made of stainless steel and auger, 12 samples of soil were taken from a depth of 2-3 m over an area of
about 30 cm?. Together, these samples added up to 2.2 kg of soil. The samples were mostly looked at with the naked eye to get rid of
anything bigger than 10 mm. The soil samples were kept in a fresh, well-sealed aluminum foil box (3 mm thick) and then brought to the
research lab [54,55].

3.2. Laboratory analysis

Samples were taken from the foil box and spread around the tray before drying at a temperature of 105° Celsius in an oven for 24 h.
After drying the materials, a systematic extraction approach including sieving was used using a series of 8-inch Tyler Brass sieves with
aperture widths of 5, 2.5, 1.25, and 0.625 mm, respectively. The samples were sieved for approximately 10 min and the collected
grains were separated and the weight has been calculated [33].

Each sieved sample was placed in a 500 ml glass beaker, 100 ml of a 30% hydrogen peroxide solution was added, and the beakers
had been warmed at 65° Celsius for a period of 24 h to facilitate the digestion of the organic materials [39]. The wet peroxide oxidation
solution was transferred to a density separator [56] and permitted to settle overnight after 6 g of NaCl salt were added to every 20 mL
of the sample (5 mM NaCl) [57]. After removing the solution from the density separator, it was filtered using a 5.0 m cellulose nitrate
filter paper that was 47 mm in diameter [58].

3.3. Stereoscope analysis

A LEICA EZA4E stereo microscope was utilized for visual examination to detect the presence of microplastic in the obtained sample.
The filter paper was put underneath the stereo microscope equipped with a 5-megapixel HD built-in digital camera, an 8x-35x zoom
range (including 10x eyepieces), and a built-in light-emitting diode (LED) with 25,000 h of life [59]. Based on the identifying criteria
reported by Cheung et al. (2016) [60], Hidalgo-Ruz et al. (2012), Catarino et al. (2018) [61], and Tajwar et al. (2022c), the micro-
plastics were identified and separated. A 5 MP HD digital camera was used to acquire images of the discovered MPs. 0.3-0.5 mm, 0.5-1
mm, and 1-5 mm had been used to categorize the identified microplastic [62]. Also, the different hues of MP particles were identified
and cataloged. Fiber, fragments, films, and foams were the categories used to categorize the several types of MPs [40,63].
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Fig. 2. Representative images of the identified microplastics in sample sediments under a stereoscopic microscope. (a, b = fiber; ¢ = fragment; d =
foam; e = film).

3.4. FTIR-ATR analysis

To determine the MP’s molecular composition, ATR-FTIR spectroscopy was carried out using a device of Model: IRPrestige21; CAT
No. 206-72010-36; Serial No. A2100450183. This was done so that the kind of polymer present in the found microplastic could be
identified [64,65,66]. After loading the MPs into the FTIR, Infrared light was fired at the instrument to obtain the absorbance spectra of
the samples. The polymer type was identified by looking for a specific absorbance band and cross-referencing its peaks against those in
a database relating it to the standard degree of resemblance for detection, resemblance being close to 80% [67,68].

3.5. Spatial analysis
Microplastic abundance, subcategories of microplastic, and associated polymer types were mapped using ArcGIS (version 10.2).
3.6. Quality control

The soil samples had been wrapped in aluminum foil to avoid contamination from plastic. A cotton lab coat and nitrile gloves were
used during sample handling. Before and after each step, the lab equipment used has been put through two distillation procedures to
ensure its cleanliness. The Petri dishes were thoroughly cleaned and dried before use. Metal and glass instruments were used during the
whole procedure. After isopropanol treatment, the ATR crystal was analyzed by ART FTIR [33,39].

3.7. Risk assessment

In this research, the Hkanson technique [69] was used to assess the hazards of microplastics. Many risk variables, including the
potential ecological risk factor (PRF), the potential ecological risk index (PRI), the microplastic concentration factor (MCF), and the
toxicity response factor (TRF), had been examined using this technique. Other previous research has also used the same methodology
[70-73].

PRF=Cs/Cb (€}
PRF- potential ecological risk factor; Cs-concentration of sample; Cb-background concentration (least concentration in the study)

PLI=V/PRF 2
PLI- pollution load index

PRI= Y [(Pi/Cs) *S] 3

PRI- potential ecological risk index; ‘Pi’ - number of specific polymer types collected at each sampling location; ‘S’ - hazard scores of
polymers of MPs obtained from Lithner et al. (2011) [74].

PHI=ZXPn x S ()]
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Fig. 3. The illustration represents the FTIR spectrum of microplastics used for identifying polymer composition. (a = Polyamide; b = Polyethylene;

c = Polyethylene terephthalate; d = Polypropylene; e = Polyurethane).
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PHI- Polymer Hazard Index; Pn —specific polymer percentage. PHI was determined using the technique given by Ranjani et al.

(2021) using polymer scores supplied by Lithner et al. (2011) [74].

4. Results and discussion

4.1. Stereoscopic identification of potential microplastics

With the aid of a stereomicroscope, microplastics (MPs) were found in soil samples from an industrial area in Bangladesh. A total of
151 microplastic particles were detected across 12 separate sampling locations spread among industrial areas, near the metropolitan
city areas, and urban lands. According to the results of the study, it is observed that the soil samples contain microplastics in various

shapes, colors, and sizes.

Identified MPs are categorized into four types according to their shape: fiber (Fig. 2 a,b), fragment (Fig. 2c), foam (Fig. 2d), and film
(Fig. 2e). In every sampling site, fibers were found to be the most prevalent shape. Among a total of 151 identified MPs, 91 fibers were
counted, representing about 60% of the total MPs. Fragments were the second most dominant type. With 29 particles, it accounts for
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Fig. 5. The spatial concentration of the identified microplastics in the sampled locations.

19% of the overall quantity. Films and foam were counted in similar quantities (16 and 15 respectively), making up roughly 10% of the
total amount of MPs. So, in brief, the distinct morphologies in the soil samples of the study area were detected in the following order:
fiber > fragment > film > foam.

This result is consistent with some other research conducted in Bangladesh where the types of identified MPs included fiber,
fragment, film, and foam. Among these four types of particles, fiber was found by Tajwar et al. (2022b) to be the most prevalent in
urban land areas, industrial areas, and near metropolitan city areas. One study on farmland soil in central Bangladesh found that the
fragment type was higher [75]. If we also compare this result to the coastal regions of Bangladesh, we find that in three research [29,
41,55] fiber was discovered to be the abundant type of MPs, while in another two studies, fragment type is discovered to be higher [39,
76]. Fibers are also the most common particle in the rest of the world, with more than 70% of discovered MPs being fibrous in various
locations [77,78]. The use of synthetic textiles in garments may have contributed to this larger percentage of fibers [64,79,80].

The majority of the MPs calculated in this study (63%) were 0.5-1 mm in size, followed by 1-1.5 mm (25%) and <0.5 mm (12%).

The recorded MPs (59%) were found to be colored, while the remaining (41%) were fairly transparent. At Changjiang Estuary,
China, Peng et al. (2017) [81] found MPs were white (52%), red (15%), black (18%), and others (15%), which is consistent with
Tajwar et al. (2022c) and [39]. Nevertheless, shape, size, and color variations may be attributable to the source type of MPs in different
places.
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4.2. ATR-FTIR analysis of potential MPs

The polymer composition of the detected MPs was analyzed and tallied using the ATR-FTIR method by evaluating the individual
transmittance and absorbance bands of the soil samples.

In this study, 5 types of diverse polymers were identified by FTIR (Fig. 3), including Polyamide, Polyethylene, Polyethylene
terephthalate, Polypropylene, and Polyurethane .

From the result, it is observed that Polyamide had been the most dominant type of polymer (60%). The second most abundant
polymer was polypropylene covering 14% of the total detected polymers. The third most found one belonged to Polyethylene (10.6%)
followed by Polyurethane (10%). Polyethylene terephthalate accounted for nearly 5%.

Additionally, the findings revealed that the majority of fibrous microplastics were formed of Polyamide. Further, Polypropylene
and Polyethylene Terephthalate made up the fragmented microplastics. Foam consisted of Polyurethane and film was found to be
composed of polyethylene.

Polyamides are frequently used in textiles, the automobile sector, cooking utensils, and sportswear due to their high durability and
strength. Another found polymer Polyethylene is used to make shopping bags, trash bags, food wraps, plastic films, and many other
products [57]. Yogurt containers, straws, wrapping films, diapers, and specialty bags all are made with polypropylene polymers [31].
Manufacturing shopping bags, water bottles, containers, clothing, building materials, and other items use polyethylene terephthalate.
So, these sources may be relevant while tracing back to the origin of the polymers as the samples were collected from the industrial
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region, near the metropolitan city and urban lands.
4.3. Spatial distribution of MPs

From the analyses, it is found that each of the 12 locations of the study area had a different level of microplastic contamination and
it is distinguishable by the land use of the study area. To calculate the number of MP particles, 100 gm of soil sample was examined
from each sampling site. From the result and from Fig. 4, it is observed that MPs are in higher numbers in S1, S2, S8, S9, S10, S11, and
S12sites which are industrial regions and have the highest number in S1 (24). A total of 129 particles are found in these industrial areas
which cover 85% of the total detected MPs in the entire study area. Compared to this, MPs were found in a lower amount in the other
sampling sites. Two sampling sites from near metropolitan city areas S4 and S6 had 7 and 8 i.e., a total of 15 particles. And the other
three sampling sites from urban lands S3, S5, and S7 had a total of 7 particles.

Based on the type of MPs, Fig. 5 depicts the spatial abudance of MPs. The result revealed that fibre was highly abundant in S1 (18),
S2 (11), S9 (13) and S1 (13) areas and least abundant in S5 (1). Fragment was found in the highest number in S10 (7). The other
sampling sites had fragments of less than 5. Foam and film were found to be more or less similar in number (0-3) in all the sampling
sites (see Fig. 6).

The distribution and spatial abundance of MPs are closely correlated with the surrounding industrial and human activities.
Assessing the presence of MP particles in soils under various land uses, we discovered conclusive evidence of microplastic contami-
nation in industrial regions in higher amounts and in urban lands and near metropolitan city areas in lesser amounts. The findings from
the current study can be compared with some previous studies for similar land uses. In a coal mine region of Bangladesh, a total of 24
MPs had been found from two sampling sites and 27 MPs had been found from two near metropolitan cities which is comparatively
lesser in amount than the present study [33]. In terms of global context, the present study can be better compared with a textile in-
dustrial area in Shaoxing city, China where an abundance of MPs varied from 16.7 to 1323.3 items/kg (DW) in the sediment sample
which is much higher than the present research findings [82]. Again, another study in Sydney, Australia it is observed that MPs were
found to be of the amount 2400 mg/kg on average with a range of 300 mg/kg to 67500 mg/kg which also indicates higher
contamination than the present study [83].

As the present study area is home to several textiles and industries, it is assumed that this MPs contamination was induced by the
production and trading operations of textile industries. Also, poor waste disposal systems from industrial operations influence the
abundance of MP in larger amounts in the industrial region followed by metropolitan city areas and urban lands. To effectively reduce
local MP pollution, it is recommended that strict regulations should be implemented in the future [82].

4.4. Spatial distribution of identified polymer types

The spatial distribution and abundance of the identified polymers — Polyamide, Polypropylene, Polyethylene Terephthalate,
Polyurethane, and Polyethylene are shown in a bar diagram displaying the amount of detected polymer throughout the study area
(Fig. 7) (see Fig. 8).

From Fig. 7, it can be clearly observed that polyamide was found to be the most abundant polymer in all the sampling locations and
among those, S1 contained the highest polyamide (18) followed by S9 (13), S11 (13), S2(11), S8 (8), S6 (5), S10 (7), S12 (7), S4 (4), S3
(2), S7 (2), and S5 (1). Polypropylene was found highest in S10 (4). At S11 and S12 the amount of polypropylene was 3. Other than
these, all other sampling sites had 1 or 2 polypropylenes with no amount in S7. Polyethylene Terephthalate had been found in only 4
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Fig. 8. The polymer concentration in of the sampled locations.

locations among 12 sampling locations. And among those 4 locations, S10 contained the highest amount (3). Polyurethane was found
in 7 samples having 1 to 3 in amount. Polyethylene was found in 9 sampling locations except for the three locations which are urban
lands. It also ranged between 1 and 3 in the individual samples.

4.5. Risk assessment of MP pollution

PLI, PRI, PHI, and CF (Fig. 9) have been used to evaluate the risk of microplastic contamination in the study area. Based on the
calculated outcomes and scores, the level of risk has been discussed for each factor. From the results, it was found that the PLI (Eqn. (2))
values ranged from 1.00 to 3.46 in the entire study area, which can be put under the low-risk category (I). PRI (Eqn. 3) values (ranging
from 150 to 600) revealed medium risk (II) in S1, S8, S9, and S10 sites, which are in industrial regions, while all other sampling sites
were classified as low-risk (I) as the PRI values were below 150. In the industrial regions of the study area (S1, S2, S8, S9, S10, S11, and
$12), PHI (Eqn. (4)) values have been found to be higher than 1000, which is classified as ‘danger’ (category IV). MPs from areas near
metropolitan cities (S3, S5, and S7) with a PHI value of 100-1000 fall into the high-risk category (III). The other two urban lands
sampling sites (S4 and S6) showed PHI values of less than 100, belonging to the medium-risk category (II). However, by stations, CF has
been measured the highest in industrial areas, e.g., S1 (12), S2 (9.5), S8 (6.5), S9 (10.5), S10 (8.5), S11 (10), and S12 (7.5). After
industrial regions, near metropolitan areas showed a bit higher CF value (3.5 and 4). Urban land areas showed lower CF values (1.5 and
1). So, observing all the values of each risk assessment factor clearly, it can be said that the risk is much higher in the industrial regions,
followed by metropolitan city areas and urban lands.
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Due to the fact that many terrestrial and marine organisms consume MPs, these have an effect on soil animals and soil microbiota
[84,85]. MPs taken up by plants may transfer to humans via the food chain, posing serious dangers to human health and biota [72].
Therefore, studies on the ecological risk of MPs contamination are very significant.

A few studies have been found that conducted risk assessments in marine environments [32,84,86]. However, no such prior study
has been found on the ecological risk assessment of microplastics in any industrial region. Hence, our research findings provided
preliminary information on MPs pollution in the study area and quantitative estimates of the level of ecological risk, which would help
future research in this field.

5. Conclusion

This research was undertaken to determine whether MPs are present or not and if present, with the aim of identifying the presence
of MPs and determining its level of toxicity in the industrial area of the Narayanganj region in Bangladesh. This study presents both
qualitative and quantitative data on the prevalence of plastic pollution in three distinct categories of environments. The most abundant
kind of microplastic was found to be fibers, which made up of 60% of the total, followed by fragments, which made up 19% of the total.
Narayanganj is a region with high anthropogenic influences such as industrial, and domestic activities, which contribute to the
presence of microplastics. Thus, the current study attempted to figure out the potential ecological risks of microplastics in this region.
The PHI, PLI, and PRI scores place the region in the category of moderate to high-risk zone. The hazard scores are directly proportional
to the polymer composition and abundance of microplastics. A higher number of high-hazard polymers, such as Polyamide and
Polyurethane have contributed to this elevated danger. This work increased our understanding of the pollution and toxicity of MPs in
an industrial region of Bangladesh and provided an impulsion for further research to identify the source and consequences of MPs in an
industrial setting. In addition to providing a worldwide context for the level of microplastic toxicity in an industrial location, the study
will also assist in providing a global perspective on the issue.
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