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Persistent organic pollutants (POPs) are highly toxic and long-lived
environmental contaminants that easily adsorb onto the surfaces of
microplastics (MPs). While urban and industrial environments have been
extensively studied, rural areas, especially in developing countries, have
received limited attention. In such regions, uncontrolled waste dumping
exacerbates the contamination of water and soil systems by MPs and
associated POPs, causing significant environmental and health concerns. This
study quantified MP pollution in soil and water near unregulated waste-dumping
sites in Tamil Nadu, India. A total of 20 environmental samples (10 soil and 10
water) were collected from two active rural dump sites. MPs were extracted using
density separation and characterized by stereomicroscopy and Fourier transform
infrared spectroscopy. MPs were detected in all samples, with polypropylene (PP)
and polyethylene (PE) identified as the dominant polymer types. Soil samples
contained 49.87% PP and 21.62% polyethylene terephthalate, while water
samples comprised 57.14% PP and 28.57% PE. These polymers were
particularly effective at adsorbing and transporting POPs through
environmental media. The presence of MPs and POPs in drinking water
sources and agricultural soils poses a significant threat to the ecological
integrity of these rural areas and the health of their communities. The present
results underscore the urgent need for enhanced waste management practices
and robust water protection policies to mitigate the long-term health impacts
and environmental degradation in these regions.
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Introduction

Over the centuries, human activities such as mining have led to the overexploitation of
natural ecosystems and the generation of massive amounts of waste (Ullah et al., 2025). The
composition and quantity of this waste have changed dramatically over recent decades due
to rapid urbanization, increased consumerism, and industrialization (Voukkali et al., 2024).
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Global waste generation increased from approximately 1.3 billion
tonnes in 2010 to 2.0 billion tonnes in 2016 (Awino and Garland,
2025), with projections indicating further increases to 2.2, 2.6, and
potentially 3.4–3.8 billion tonnes annually by 2025, 2030, and 2050,
respectively. Of particular concern is that more than 2 billion people
worldwide lack access to formal waste collection systems, while over
3 billion continue to dispose of waste through unregulated open
dumping or burning (Rodić and Wilson, 2017). Although high-
income nations generate the highest per capita waste volumes, low-
and middle-income countries are disproportionately affected due to
inadequate waste management infrastructure (Noah et al., 2025;
Mmereki et al., 2023; Whiteman et al., 2025). Around 100 million
tonnes of waste are illegally dumped in uncontrolled areas annually
(Tisserant et al., 2017), contributing to more than 3 million
potentially contaminated sites worldwide. In India specifically,
13 major cities alone produce approximately 55 million tonnes of
municipal solid waste annually, with projections indicating
exponential growth to 165 million tonnes by 2030 and
436 million tonnes by 2050. Waste production in million-plus
cities has doubled since 2004, indicating deteriorating waste
management conditions in urban India. Thousands of active
open dumps operate across India, Turkey, and other developing
countries (Canavati et al., 2022). These sites typically lack
environmental monitoring despite posing substantial risks to
surrounding air, water, and soil quality (Cisternas et al., 2022).

The threat is particularly acute in rural regions, where informal
and unregulated waste dumping remains the primary disposal
method due to the absence of organized waste collection and
treatment systems. Over recent years, the use of synthetic
materials in rural areas has increased significantly, including
plastic packaging, disposable household items, multi-layer films,
and chemically treated products (Emami et al., 2024; Shah et al.,
2024). Without proper disposal infrastructure, these materials are
discarded in open areas where they undergo slow degradation.
Physical breakdown occurs through ultraviolet radiation,
microbial activity, and thermal processes, releasing toxic leachates
and gaseous emissions into the environment (Campanale et al.,
2020). In contrast to urban centers, which have partial segregation
and collection networks, rural waste management is hampered by
several critical deficiencies: the absence of door-to-door collection
systems, unsegregated dumping in open fields and water bodies,
communal burning of mixed agricultural and household wastes
including plastics, and inadequate local regulatory infrastructure
with limited enforcement and monitoring capabilities.

The incommoded collection is frequently contaminated with
microplastics (MPs)-broken-down pieces of synthetic polymers
used as consumer packaging, apparel, and as agricultural films.
This seepage of contaminants disrupts the soil’s physical structure
and microbial balance. Runoff, both surface and infiltrated,
introduces dissolved pollutants into local water bodies and
amplifies the risk of water contamination through soil
pathways. The open burning of mixed plastic waste, which is
usually carried out as a space-clearance or volume-reduction
exercise, emits hazardous pollutants, including dioxin, furan,
and volatile organic compounds into the atmosphere
(Nayanathara et al., 2024; Sheriff et al., 2025). This further
worsens atmospheric pollution and poses an inhalation risk to
the local population.

MPs, in turn, serve as efficient carriers of persistent organic
pollutants (POPs) (Kinigopoulou et al., 2022). These contaminants
originate from larger pieces of plastic waste or are released directly
from industrial and consumer products. POPs are among the most
hazardous contaminants associated with unregulated waste
dumping (Akinrinade et al., 2024; Bamotra et al., 2025). These
synthetic compounds are characterized by diverse chemical
structures and demonstrate high environmental persistence and
cause severe ecosystem damage (Pan et al., 2025). Their toxicity
and bioaccumulation potential are exacerbated by unregulated
disposal practices. Important examples of POPs include flame
retardants, perfluoroalkyl substances, polybrominated diphenyl
ethers, and polychlorinated biphenyls (PCBs) (Weber et al.,
2025). These pollutants resist natural degradation processes such
as photolysis, oxidation, and microbial breakdown, enabling
prolonged persistence in soil, water, and air (Muir et al., 2025).
Furthermore, POPs can move dynamically across environmental
compartments through atmospheric transport, groundwater
infiltration, and soil accumulation, thereby increasing the
likelihood of entry into the food chain via ingestion, inhalation,
or dermal contact. Once released into biological systems, they
accumulate in fatty tissues and provide continuous exposure
risks. POPs have been linked to adverse health effects including
endocrine disruption, reproductive disorders, immunotoxicity,
neurodevelopmental impairment, and carcinogenicity, with their
environmental persistence posing long-term risks to human health
and ecological balance (Monteiro-Alves et al., 2024).

Recent studies have consistently shown that MPs are widespread
in environments affected by waste. Vairamuthu et al. (2024)
reported high levels of MP contamination, with polyethylene
(PE) and polypropylene (PP) being the predominant polymer
types. Akca et al. (Uzamur et al., 2023) found high MP
concentrations around open dumps and scrapyards in Turkey
and demonstrated the importance of soil characteristics as
conditioning factors. Przydatek et al. (2025) documented the
leakage of chemicals and MPs from a closed landfill in Poland
and suggested long-term contamination risks. Shirazi et al.
(Ghorbaninejad Fard Shirazi et al., 2023) detected hazardous
concentrations of MPs and mesoplastics in Tehran landfill soils,
with contamination levels ranging from minor to critical. Regarding
landfill-mined soil reuse in Delhi, Haritwal et al. (2024) observed
high MP concentrations, indicating potential risks upon reuse.
Chamanee et al. (2024) documented high levels of MPs and
plasticizers in landfill leachates in Sri Lanka, which led to a
concern over the usage of drinking water. Amal and Devipriya,
(2024) reported post-fire surges in MP concentrations in freshwater
near the Brahmapuram landfill in India. Zhang et al. (2023), Wang
et al. (2023), Arab et al. (2024), and Jin et al. (2022) have
demonstrated that deposited MPs can significantly alter the
physicochemical properties of soil, including porosity, bulk
density, water retention capacity, and evaporation dynamics.
Despite these findings, informal rural dumpsites remain critically
understudied, which is the main motivation for the present study.

Although there is growing global concern about POP
contamination in industrial and urban areas, rural settlements,
particularly in developing countries, remain significantly
understudied. These regions are equally susceptible to
contamination by hazardous agents due to unregulated waste
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disposal practices, yet systematic environmental monitoring is often
absent. This study aims to investigate the occurrence and spatial
distribution of MP pollution in rural garbage dumps in Tamil Nadu
state, India. The study characterizes the morphology and polymer
composition of MPs in water and soil samples, and identifies their
likely sources, using Fourier transform infrared (FTIR)
spectroscopy. The results provide valuable data on the behavior
of pollutants in low-infrastructure environments and can inform
targeted waste management policies, guide regulatory frameworks,
and support community-level interventions to reduce exposure to
hazardous pollutants among vulnerable rural populations. Despite
the increased use of plastic in rural India, there is limited
understanding of how informal dumping contributes to MP
contamination in soil and water systems, with respect to their
potential role as POP carriers.

Materials and methods

This study selected unregulated solid waste dumping sites from
rural settlements in Tamil Nadu, India, specifically those located
near natural water bodies such as irrigation canals and ponds. Sites
were chosen based on visible plastic waste accumulation,
community-reported dumping activity, accessibility, and
environmental diversity. From ten assessed field sites, Siruvani
Bridge (10.940586°N, 76.727223°E) and Karunya Nagar
(10.940124°N, 76.749391°E) were identified as representative
active dumpsites based on extensive plastic waste exposure,
proximity to freshwater ecosystems, and inter-site differences in
land use and vegetation cover. The two sites possessed distinct
environmental characteristics including soil texture, waste
distribution patterns, and waste composition, making them
suitable for comparative analysis. Temperature, humidity, and
landscape slope were recorded during sample collection to
contextualize environmental conditions. Qualitative assessment of
soil permeability, vegetation density, and surface plastic density was
also conducted, as these variables correlate site physical parameters
with MP distribution.

A total of 20 environmental samples were collected from two
sites, comprising 10 soil and 10 water samples to ensure both
horizontal and vertical representation. These samples were
selected based on their higher visible plastic particle load,
turbidity, and proximity to active dumping zones, representing
the most contaminated subsets for FTIR characterization. Soil
samples were collected using sterile steel augers at two depths:
five from the surface layer (0–5 cm) and five from the subsurface
layer (20–30 cm). Water samples were collected in sterile
polypropylene bottles that had been pre-cleaned with deionized
water at the corresponding depths: the surface layer (0–10 cm) and
the mid-column (20–30 cm). All bottles were pre-cleaned with
deionized water and labeled with the sampling depth, collection
date, and location code. From the 20 samples, 4 (2 soil and 2 water)
were selected for detailed FTIR and stereomicroscopic analysis based
on high plastic particle load, elevated turbidity, and proximity to the
most active dumping zones. The soil samples were sun-dried for 72 h
to reduce moisture content and minimize microbial variability,
while the water samples were stored at 4 °C in light-protected
containers and periodically exposed to natural light to simulate

MP-biofilm interactions. To minimize contamination, all
instruments were pre-cleaned, procedural blanks were analyzed,
nylon gloves were used, and filtration was conducted under covered
conditions.

MP extraction was performed using the methodology of density
separation. Approximately 250 g of dry soil and 500 mL of water
samples were each treated with saturated NaCl solution. The
suspensions were stirred and allowed to settle, after which
floating fractions were recovered and filtered through 0.45 μm
nylon membranes using vacuum filtration. The filtered materials
were then dried under controlled laboratory conditions. Particle
counting and visual inspection were conducted using
stereomicroscopy based on particle size, quantity, morphology
(fibers, fragments, films, and foams), and color. FTIR spectra
were obtained in ATR mode over 4,000–600 cm-1 with a spectral
resolution of 4 cm-1 and 32 scans per sample. Polymer identification
was confirmed by matching sample spectra with reference library
spectra (similarity index ≥90%). Characteristic absorption peaks
confirmed the presence of PE, PP, and PS as the most prevalent
polymers in both soil and water samples. This methodology enabled
the effective recovery and detection of MPs from the two rural waste
sites. Polymer identification was achieved through FTIR analysis,
while particle morphology was characterized by stereomicroscopy.
The following section presents the results and their implications for
assessing rural contamination and developing waste management
strategies.

Results and discussion

FTIR spectral analysis of soil sample

Figure 1 displays the FTIR spectrum of Soil Sample 1,
confirming the presence of synthetic polymeric contaminants. A
strong, broad absorption band at 3,603.03 cm−1 corresponds to O-H

FIGURE 1
FTIR spectrum of Soil Sample 1 demonstrating microplastic
contamination with labeled absorption peaks corresponding to
various synthetic polymer functional groups (O-H, C=C, and C-H
vibrations).
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stretching vibrations, which are typically associated with surface-
bound moisture or hydroxyl groups (Hsiao et al., 2025). The
absorption at 2,360.87 cm−1 indicates C=C functional groups,
commonly found in polymer additives (Mohd Nasir et al., 2025).
A sharp peak at 1,641.42 cm−1 represents C=C stretching,
characteristic of unsaturated hydrocarbon structures. Significant
signals at 713.66 cm−1 and 430.13 cm−1 reflect C-H bending
vibrations and potential traces of halogenated compounds. These
spectral features are consistent with PE, PP, PET, and PS and
confirm MP infiltration into unregulated rural soils. The results
demonstrate the persistent presence of packaging-related polymers
in terrestrial environments and suggest the urgent need for rural
waste management policy development.

Figure 2 shows the FTIR spectrum of Soil Sample 2, representing
several absorption bands that are characteristic of MP polymers. A
broad maximum at 3,620.39 cm−1, accompanied by a shoulder at
3,452.58 cm−1, indicates O-H stretching vibrations, attributable to
moisture or hydroxyl groups from biofilm formation or natural soil
organics (Hsiao et al., 2025; Thombare et al., 2023). The band at
1,637.56 cm−1 denotes C=C stretching, characteristic of polyolefin
plastics. Strong absorption at 1,026.13 cm−1 indicates C-O stretching
vibrations, typical of oxidized plastic surfaces or degraded polyester
materials (Ramadoss et al., 2024).

Peaks at 783.1 cm−1 and 534.28 cm−1 correspond to aromatic
ring bending and C-Cl vibrations, respectively, suggesting the
presence of PET and degraded PS. The peaks in the fingerprint
region are broader and more defined compared to Soil Sample 1,
indicating greater polymer diversity and advanced weathering
processes. These results confirm the presence of extensive MP
pollution in rural soils and demonstrate the chemical diversity of
plastic degradation products in dumping site environments.
Polymer composition data are summarized using descriptive
statistics (percentage contribution). Inter-site variation is
evaluated through relative percentage differences and visualized
using bar charts.

Polymer composition in soil sample

Figure 3 shows the polymer composition of the MPs
identified in Soil Sample 1. PP is the dominant polymer,
comprising 49.87% of the identified particles. This high
proportion reflects the extensive rural consumption of PP-
based consumer products including packaging films, woven
sacks, and disposable containers. PE represents 15.79% of the
particles and is commonly associated with plastic bags and
agricultural films. PET contributes 21.62% and is likely to
originate from beverage bottles and synthetic textiles. PS is
the least represented at 12.72%, probably derived from food
packaging and thermal insulation materials. The abundance of
polyolefins (i.e., PP and PE) indicates the dominance of low-
density, lightweight plastics that are more prone to
fragmentation and widespread distribution in surface
environments. These polymer distributions are consistent
with FTIR results and demonstrate that local dumping
activities generate a diverse yet consistent combination of
plastic contaminants in rural soil matrices.

Figure 4 shows the polymer composition of theMPs identified in
Soil Sample 2. PP remains the most prevalent polymer at 38.72% of
fragments, indicating its widespread use in rural consumer goods
and packaging materials. The differences in land use, waste type,
slope, and vegetation between Siruvani Bridge and Karunya Nagar
are likely to have influenced the diversity of polymers and the
abundance of MPs.

PET is the second most abundant contributor at 29.91%, likely
originating from beverage bottles, textiles, and food containers. PE
comprises 17.31% of particles and is typically derived from carry
bags and agricultural mulch films. PS accounts for 14.06%,
probably resulting from foam packaging and household
disposables. This distribution shows increased polymer diversity
at this location, with the higher proportions of PET and PS
indicating contributions from both domestic and semi-urban

FIGURE 2
FTIR spectrum of Soil Sample 2 demonstrating microplastic
contamination with labeled absorption peaks corresponding to
various synthetic polymer functional groups (O-H, C=C, and C-H
vibrations).

FIGURE 3
Polymer composition of microplastics in Soil Sample 1 showing
relative proportions of PE, PP, PS, and PET identified through FTIR
spectroscopy.
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waste sources (Liu et al., 2023). These proportions, confirmed by
FTIR spectral analysis, demonstrate the complexity of plastic
contamination in rural soils with diverse land use patterns.
Compared to Soil Sample 1, Soil Sample 2 shows a 8.29%
higher PET content (29.91% vs. 21.62%) and a 1.34% higher PS
content (14.06% vs. 12.72%), representing a greater diversity of
waste and contributions from a semi-urban source. The broader
FTIR peak patterns observed in Sample 2 suggest enhanced
polymer weathering, likely attributable to increased surface
runoff and slope exposure at this location.

FTIR spectral analysis of water sample

Figure 5 shows the FTIR spectrum of Water Sample 1, which
displays clear absorption bands indicative of multiple polymer types.
The sharp peak at 3,454.51 cm−1 is attributed to O-H stretching,
which suggests the presence of hydrophilic groups associated with
PET or weathered polyolefins. Absorption bands between
2073.48 and 2074.90 cm−1 likely correspond to overtones and
combination bands typical of nitrile or C=C bonds, often present
as additives or degradation byproducts. The strong peak at
1,639.49 cm−1 represents C=C stretching or carbonyl bending,
characteristic of PET and oxidized PE/PP. The sharp C-O
stretching peak at 1,047.35 cm−1 indicates ester groups, further
supporting PET identification. The band at 665.44 cm−1

corresponds to out-of-plane aromatic ring bending, typical of
polystyrene or oxidized aromatic compounds.

These spectral features confirm the presence of PET, PP, and PS-
derived MPs (Senathirajah et al., 2022; Chen et al., 2021). The
prominent PET signatures suggest that discarded beverage bottles
and textile waste are significant contributors to pollution of rural
water ecosystems, a problem that is may exacerbated by
uncontrolled waste management practices and refuse overflowing
into bodies of water.

Figure 6 displays the FTIR spectrum for Water Sample 2, with
distinct absorption peaks at 3,614.6 cm−1, 3,452.58 cm−1,
2,926.01 cm−1, 2071.55 cm−1, 1745.58 cm−1, 1,643.35 cm−1,
1,460.11 cm−1, 1,159.22 cm−1, and 715.59 cm−1. The absorption
band at 2,926.01 cm−1 corresponds to C-H stretching in aliphatic
hydrocarbons, indicating PP presence. The sharp peak at
1745.58 cm−1 is characteristic of ester carbonyl groups in PET.
Additional peaks at 1,159.22 cm−1 and 715.59 cm−1 correspond to
the fingerprint regions of PS and PET, respectively. The broader

FIGURE 5
The FTIR spectrum of Water Sample 1 demonstrating microplastic contamination with labeled absorption peaks corresponding to various synthetic
polymer functional groups (O-H, C=C, and C-H vibrations).

FIGURE 4
The Polymer composition of microplastics in Soil Sample
2 showing relative proportions of PE, PP, PS, and PET identified
through FTIR spectroscopy.
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peaks in the 3,450–3,615 cm−1 region suggest O-H stretching,
possibly from adsorbed moisture or oxidized plastic surfaces.
These spectral features confirm that Water Sample 2 contains a
complex mixture of MP polymers, predominantly PP, PET, and PS.
The increased PET signals may indicate textile-derived
contamination, while PS is likely linked to packaging materials.

This diversity of polymers suggests the variety of waste sources
in the aquatic environment, demonstrating the infiltration of both
domestic refuse and synthetic fibers into rural water bodies.

Polymer composition in water sample

Figure 7 shows the polymer distribution of MPs in Water
Sample 1. PP is the most abundant polymer, comprising 53.4% of
total MP particles. This dominance indicates the widespread
presence of PP-based packaging and containers in rural waste
streams. PET constitutes 26.01% and is likely to originate from
beverage bottles, food wrappers and textile effluents. PE accounts
for 12.69%, primarily derived from plastic bags and agricultural
film residues. PS represents a smaller fraction at 7.9%, possibly
from disposable cutlery, foam packaging, or insulation materials
(Freitag et al., 2024). The predominance of polyolefins (PP and
PE) demonstrates the impact of lightweight plastic materials that
fragment into persistent particles in water bodies. These
percentages are consistent with FTIR spectral verification and
suggest the significant contribution of domestic waste leakage as
a major source of MP contamination in rural surface waters
(Bond et al., 2018; Sharma et al., 2024). This distribution supports
the hypothesis that the composition of polymers in aquatic
samples is determined by terrestrial waste disposal practices

combined with the buoyancy and degradation characteristics
of different materials.

Figure 8 shows the MP polymer distribution identified in Water
Sample 2. With a contribution of 31.5%, PP is the dominant
polymer, indicating its widespread use in consumer packaging,
sacks and various plastic products.

PE constitutes 22.17% and is likely to have come from degraded
plastic bags and agricultural films. PET constitutes 28.42%,
corresponding to textile waste and beverage bottles. PS accounts

FIGURE 6
The FTIR spectrum of Water Sample 2 demonstrating microplastic contamination with labeled absorption peaks corresponding to various synthetic
polymer functional groups (O-H, C=C, and C-H vibrations).

FIGURE 7
The Polymer composition of microplastics in Water Sample
1 showing relative proportions of PE, PP, PS, and PET identified
through FTIR spectroscopy.
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for 17.91% and possibly originates from disposable products and
thermal insulation materials. Compared to Water Sample 1, the
more balanced distribution of this sample, with relatively higher
percentages of PS and PE, suggests spatial variation in waste sources
and hydrodynamic dispersion within rural aquatic systems. The co-
dominance of PP and PET is consistent with FTIR results and
emphasizes the persistence of commodity plastics in surface water
environments. This compositional profile indicates the need for
targeted waste segregation policies and monitoring systems in rural
areas. The percentages of PET and PS in Water Sample 2 are 2.41%
and 10.01% higher, respectively, than in Sample 1, indicating
increased contamination from textiles and foams. This more
uniform polymer distribution suggests spatial heterogeneity in

waste inputs and hydrodynamic dispersion throughout the
dump-influenced aquatic system. As the primary focus was on
polymer identification, only descriptive comparisons were
applied. Future studies with expanded datasets will include
inferential statistical tests such as ANOVA for inter-site validation.

Microscopic identification of fibrous
microplastics

Figure 9 presents microscopic images of fibrous MPs found in
rural water samples. The fibers display red and pink coloration with
irregular, curved morphologies characteristic of synthetic textile-
derived MP debris, commonly originating from domestic washing
effluents or degraded fishing equipment. The presence of MPs and
POPs near agricultural fields and rural water sources indicates
possible transfer to crops and household water, posing chronic
exposure risks to rural communities dependent on these systems.
Their elongated structure and coloration provide evidence of PE, PP,
or PET polymer composition, consistent with FTIR analysis. These
polymers are of particular environmental concern due to their
capacity to adsorb and transport POPs. For example, PET
demonstrates high affinity for phthalates and PAHs owing to its
polar ester functional groups. Being hydrophobic and non-polar, PE
and PP readily absorb hydrophobic POPs such as PCBs, dioxins, and
organochlorine pesticides (Ali et al., 2020). Through van der Waals
forces and partitioning mechanisms, these hydrophobic POPs
adsorb onto plastic surfaces, transforming MPs into carriers of
toxic chemicals (Prajapati et al., 2022; Wang et al., 2020). This
MP-POP association allows toxicants to be transported long
distances and persist, raising concerns about bioaccumulation
and biomagnification in aquatic organisms, food webs and
ultimately human populations.

Such contamination pathways present significant
ecotoxicological and public health risks in rural systems with

FIGURE 9
Microscopic confirmation of fibrous microplastics in rural water samples, highlighted with red dashed circles.

FIGURE 8
Polymer composition of microplastics in Water Sample
2 showing relative proportions of PE, PP, PS, and PET identified
through FTIR spectroscopy.
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inadequate waste regulation. The simultaneous occurrence of
visually identifiable fibers and FTIR-confirmed polymer types
suggests the need for the control and monitoring of plastic
pollutants and their associated chemical hazards at source. The
identified polymers, particularly PP, PE, and PET, have a high
affinity for hydrophobic POPs such as PCBs and PAHs,
potentially leading to oxidative stress and endocrine disruption in
exposed organisms (Ullah et al., 2025; Uzamur et al., 2023).

Limitations

This study qualitatively identified the potential for interaction
between MP and POP, but did not include an analysis of the
quantitative concentration of POP. Future investigations may
include chromatographic quantification to validate adsorption
levels. This study was limited to 20 samples from two
representative rural sites, which restricts the scope for spatial
generalization. It is recommended that future studies cover a
wider rural gradient.

Conclusion

POPs are globally recognized as toxic, persistent, capable of
long-range transport, and bioaccumulative. MPs have emerged as
significant vectors in rural settings by facilitating the adsorption and
transport of POPs through soil and water systems. This study
demonstrates MP contamination in soil and water samples,
showing diverse polymer types and morphologies of
environmental concern that increase the risk of POP
transmission. This provides compelling evidence of enhanced
contamination pathways in rural environments.

Soil Sample 1 contained 49.87% PP, followed by 21.62% PET,
15.79% PE, and 12.72% PS. In Soil Sample 2, PP remained the
dominant polymer at 38.72%, followed by PET at 29.91%, PE at
17.31%, and PS at 14.06%. These polymer types are commonly
found in agricultural films, synthetic textiles and domestic waste,
which are prevalent components in rural waste streams. Similar
trends were observed in water samples. Water Sample
1 displayed a high PP content of 57.14%, followed by PET at
28.57%, PE at 28.57%, and PS present in low concentrations.
Water Sample 2 displayed a more balanced distribution with
PP (31.5%), PET (28.42%), PE (22.17%), and PS (17.91%).
FTIR spectra confirmed the presence of the characteristic
functional groups of these polymers, with characteristic peaks
at 3,452.58 cm−1, 2,926.01 cm−1, and 1,643.35 cm−1,
corresponding to hydroxyl, methylene, and carbonyl groups,
respectively. Microscopic examination at ×100 magnification
showed predominantly fibrous MP particles in both the water
and soil samples. Their morphology and coloration are
consistent with degradation products from local packaging,
textile, and waste materials, which supports the identified
polymer types. The high prevalence of hydrophobic
polyolefins (PP and PE) and PET, which preferentially
associate with POPs, suggests that these materials could act as
long-term environmental carriers of persistent organic
pollutants. In rural agricultural and household contexts, this

increases risks to soil health, groundwater quality, and
ultimately human and animal welfare.

This study confirms severe MP pollution in rural agricultural
soils and waterways, with dominant polymer types demonstrating
an established capacity for POP adsorption. FTIR and microscopy
analyses confirmed consistent profiles with high concentrations of
PP, PE, PET, and PS, suggesting the urgent need for targeted waste
management and environmental controls in rural areas. These
results advocate for waste management strategies specifically
tailored to rural contexts. Given the high prevalence of MPs in
aquatic environments and their chemical affinity for POPs,
integrated approaches combining waste management systems,
water security measures, and pollution prevention strategies are
necessary. The results also suggest that routine POP monitoring of
rural drinking water and agricultural soils may be warranted. Future
work should quantify POP concentrations on MPs and examine
their biological uptake and toxicity to evaluate ecological and health
risks in rural systems.
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