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Abstract

Microplastics (MPs), ranging from 1 um to 5 mm in size, have emerged as a significant issue in recent years owing
to their propensity to infiltrate the food chain. MPs may influence food safety, biodiversity, and soil health.
Identifying and characterizing MPs in soil is vital for understanding their sources and ecological impacts. In
Rajshahi City, Bangladesh, increasing plastic use and poor waste management have intensified plastic pollution.
This research aims to identify and characterization of microplastics in soil samples using ATR-FTIR spectroscopy
and stereo-microscopy. Soil samples collected from the Bhadra region and the Padma residential area within the
city where plastic wastes are dumping. FTIR results revealed polyethylene, ethylene vinyl acetate, and
polypropylene as dominant polymers. Stereo-microscopy was employed to assess the dimensions and morphology
of microplastics. The study’s findings indicated that soil had 920-1690 microplastic particles per kilogram, with
sizes ranging from 1 pm to 4.25 mm. These particles were four different shape such as fragment, fiber, film, pellet
and eight different colors. The findings highlight the need for continued research to access the long-term effects
of microplastics contamination on soil ecosystems. This will further help policymakers to protect terrestrial
ecosystems and promote sustainable land management.
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1 Introduction

Plastics’ exceptional performance and affordability make them widely used in daily life as well as in industrial and
agricultural production (Fred-Ahmadu et al., 2020). Global worries about microplastics (MPs) have increased as a
result of the expanding usage of plastics. Plastic wastes pose a serious threat to the ecological environment due to
the slow degradation rate (de Souza Machado et al., 2018). MPs with a particulate size of <5 mm is the result of
plastic refuse disintegrating into small plastic particles after being discarded in the environment (Horton et al.,
2017; Thompson et al., 2004).

Bangladesh experienced a significant increase in pollution and plastic use as a result of accelerated urbanization
and growth. Bangladesh’s annual per capita plastic consumption in urban areas has tripled from 3.0 kg in 2005 to
9.0 kg in 2020 over the past 15 years. The consumption of LDPE packaging materials (plastic bags, etc.) increased
by fivefold from 2005 to 2020. In 2020, only 31% of the 977000 tons of plastic ingested were recycled. Single-use
plastics, such as shopping bags, packets, and wrappers, were the most frequently mismanaged plastic waste
(Meeting Bangladesh’s Plastic Challenge through a Multisectoral Approach, n.d.). As the increase of plastic
pollution, the rate of MPs generation is also increased which may adversely alter the soil properties. MPs are more
readily absorbed by crops when the transpiration rate is increased (L. Li et al., 2020).

Despite the fact that MPs are also prevalent in the terrestrial environment, there are relatively few studies that have
explored their occurrence and fate in the soil environment. MPs contamination was detected in three distinct types
of constructed landfills near Dhaka city. The materials in question include Low-Density Polyethylene (LDPE),
High-Density Polyethylene (HDPE), and Cellulose Acetate (CA). The particle sizes vary from 1 to 2000
micrometers (Afrin et al., 2020). Even so, not much is known about the microplastics that are in the soil at Rajshahi
City. So, the point of this study is to find out how many microplastics are in the soil and what type they are,
especially in the Bhadra region and Padma Residential area of Rajshahi City. The study will look at the type, size,
shape and color of MPs.
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2. Methodology

2.1 Study area selection

This study collected samples from two prominent areas in Rajshahi City: Site-1: Bhadra area (24°22°28” N
88°37°11” E) and Site-2: Padma Residential Area (24°22°41.3” N 88°37°20.4” E) (Figure 1). The most active
regions in Rajshahi are the Bhadra area and the Padma Residential zone. Plastic waste is frequently disposed of in
the low-lying terrain.
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Figure 1: The position of sampling area

2.2 Soil sampling

Standard method for microplastics soil sampling is not available till the date, current practices by other researches
were followed (Q. Li et al., 2019; Sajjad et al., 2022; Singh et al., 2023; Zhou et al., 2019). Soil samples were
collected by using stainless steel shovels at the depth of 5 cm from top, transferred to cotton bag and taken to the
laboratory to conduct additional investigation(Q. Li et al., 2019; Sajjad et al., 2022; Singh et al., 2023; Zhou et al.,
2019). Two soil samples are collected from each site and marked as S-1, S-2 for site-1 and S-3, S-4 for site-2.

2.3 Experimental procedure

The samples were dried at 70° C for 24 hours. In an 800 ml beaker, 100g of dry soil sample was mixed with 300
ml of 27% NaCl (1.2 g/mL) solution. After 15 minutes of stirring, the soil-water mixer was left for 48 hours to
settle (Chia et al., 2024; Q. Li et al., 2019; Y. Li et al., 2021). All of the floating solids were filtered through
Whatman filter paper. The remaining solid from the filter paper were transferred into a beaker. To remove organic
materials on MPs, 30 ml of 30% H.0. was added and 30 ml of 0.05M FeSO. solution was added as a catalyst. In
order to raise the H,O, reaction rate, H,SO,4 was also added to the solution to bring its pH down to 3 and kept the
mixer for 72 hours (Hurley et al., 2018). The density of the solution was increased by adding 6 g of salt (NaCl) per
20 mL. The floating solids were filtered once more after a 24-hour period, and the filter paper was left to dry for
another 24-hour period. The solid was observed using a stereo microscope to identify microplastics and ascertain
the size, shape, and color of MPs. The types of MPs were determined using Fourier-Transform Infrared (FTIR)
analysis(Marine Debris Program, 2015).
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3.Results

Microplastics (MPs) were detected in modest concentrations within soil samples collected from both locations.
The size and morphologies of the MPs particles obtained from these soil samples are shown in Figures 2 and 3.
The concentration of MPs at Bhadra region was observed 920 and 1280 particles per Kg of samples respectively
at S-1 and S-2. At the Padma residential area, 1690 and 1500 particles per Kg samples respectively at S-3 and S-4
was observed. MPs were categorized into four size classifications: less than 300 um, 301-600 pm, 601-1000 pm,
and greater than 1000 wm shown in Table 1. Four distinct types of microplastics such as, fragments, films, fibers,
and pellets were identified. These particles exhibited a range of colors, including yellow, magenta, violet, pink,
blue, green, cyan, and, in some instances, transparent hues, as presented in Figures 4 and 5. The FTIR analysis
identified the polymer makeup of the samples, especially finding the presence of polyethylene (PE) and
polypropylene (PP) in Bhadra region samples. The confirmation of this was shown by the existence of the distinct
peaks corresponding to polyethylene (PE) were identified at 2839 cm™ and 717 cm™. Additionally, the presence
of both polyethylene (PE) and polypropylene (PP) was confirmed by the peaks seen at 2916 cm™ and 1374 cm™.
In addition, the presence of PP was confirmed by the peaks detected at 2957 cm™ and 1456 cm™ (Fig. 6). The
FTIR spectra of the Padma residential area samples indicated the presence of ethylene vinyl acetate (EVA),
polyethylene (PE) and polypropylene (PP). The distinct peaks corresponding to ethylene vinyl acetate (EVA) were
identified at 2914 2848 cm™, 1716 cm™, 1456 cm™ ,1271 cm™, 1024 cm™ and 716 cm™ (Fig.7). The distinct peaks
corresponding to polyethylene (PE) were identified at 2844 cm™ and 720 cm™. Additionally, the presence of both
polyethylene (PE) and polypropylene (PP) was confirmed by the peaks seen at 2916 ¢cm™ and 1375 cm™. In
addition, the presence of PP was confirmed by the peaks detected at 2952 cm™ and 1456 cm™ (Fig. 8).
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Figure 2: Stereo Microscopic images of MPs of Bhadra region soil sample
(a) Fragment, (b) Film, (c) Fiber, (d) Pellet
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Figure 3: Stereo Microscopic images of MPs of Padma Residential area soil sample
(a) Fragment, (b) Film, (c) Fiber, (d) pellet
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Figure 4: Percentage of different shape of MPs present at samples

Table 1: Size Distribution of MPs

Sizes of Micro-plastics of Sizes of Micro-plastics of
. . P Padma Residential area (No.
Size category Bhadra region (No. of MPs) of MPs)
S-1 S-2 S-3 S-4
<300 pm 51 80 103 81
301 pm - 600 um 21 29 30 44
601pum - 1000pum 16 16 14 19
>1000 um 4 3 22 6
2 2 49.21um OB ) R
"Ry B4y
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Figure 5: Stereo Microscopic images of both site samples shows color of MPs a) pink,
b) magenta, c) violet, d) cyan,e) yellow, f) blue, g) green, h) transparent
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Figure 6: FTIR spectra for plastics identification for PE and PP of the Bhadra region
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Figure 7: FTIR spectra for plastics identification for EVA of the Padma residential area
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Figure 8: FTIR spectra for plastics identification for PE and PP of Padma residential area

4.Discussions

This research finds and classifies microplastics (MPs) in soil samples from Rajshahi City, in the Bhadra region
and Padma Residential area. The findings indicate substantial contamination, with amounts varying from 920 to
1690 particles per kilogram. The discovered MPs consist of polyethylene (PE), polypropylene (PP), and ethylene
vinyl acetate (EVA), with particle sizes varying from 1 um to 4.25 mm. The varying morphologies (fragments,
fibers, films, and pellets) and colors (yellow, blue, clear, etc.) indicate various origins of plastic trash.
In comparison to prior research, including Afrin et al. (2020), analogous microplastics were identified,
underscoring the pervasive problem of microplastic contamination in urban soils. The study highlights the presence
of that MPs which have potential to alter soil properties such as water retention capacity and nutrient cycling, as
well as their capacity to infiltrate the food chain (L. Li et al., 2020; Sajjad et al., 2022). Ingested microplastics may

1794



A. Chowdhury, M. A. Amin, M. T. Rahi, S. Sarkar
ICCEI 2025

lead to inflammation, oxidative stress, and the accumulation of toxic substances in the body. The study's weakness
is the confined geographic sample, which might be broadened to encompass more regions for a more thorough
comprehension of microplastics in Rajshahi soils.

5.Conclusion

Polyethylene (PE) and polypropylene (PP) were identified in the Bhadra region with a concentration 920 to 1280
particles per Kilogram. Besides in the Padma residential area, polyethylene (PE), polypropylene (PP) and ethylene
vinyl acetate were identified with a concentration 1500 to 1690 particles per Kilogram. Smaller microplastics size
range less than 300 um was observed the dominant size category in both location with maximum 103 particles.
Fragment, film, fiber and pellet were identified in both the Bhadra region and the Padma residential area. The
identified colors of microplastics were yellow, magenta, violet, pink, blue, green, cyan and transparent. Efficient
waste management and regulatory measures are essential to mitigate microplastic pollution and preserve soil health
for future generations.
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