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ABSTRACT: Microplastic (MP) contamination poses significant
risks to ecosystems and human health. However, the absence of
standardized protocols, detailed polymer identification, and
sources identification hinders the development of targeted
mitigation strategies, particularly in developing nations. There is
a scarcity of comprehensive data on MP distribution, sources, and
transport mechanisms in freshwater environments. This study
aimed to fill these gaps by comprehensively characterizing MP
contamination, elucidating distribution patterns, identifying
sources, and assessing ecological risks in an urban river adjacent
to a megacity. This was accomplished using stereomicroscopy,
Fourier-transform infrared(FTIR) spectroscopy, and a range of risk
assessment indices. The analyses revealed spatial variations in MP
levels, ranging from 350 to 660 items/m® across different sampling stations along the river. Analysis of variance(ANOVA)
highlighted significant differences in the average number of MPs among the stations (F = 16.93, p < 0.01), with station S3
exhibiting the highest count and station S4 the lowest. Factors such as point sources of domestic and municipal waste, as well as river
navigation, likely contribute to these variations. The predominant types, colors, and sizes of MPs observed were fiber, transparent,
and <0.5 mm, respectively. Notably, 80% of the MPs consisted of polyethylene (PE) and polypropylene (PP), commonly associated
with land-based sources like packaging materials. Despite minor ecological risks indicated by ecosystem risk assessment indices such
as the risk index(RI) and pollution load index (PLI), which recorded values of 9.04 and 1.87, respectively, the potential hazard
index(PHI) rose to hazard category V, posing a substantial threat to the river ecosystem. PCA facilitated the identification of trends
linked to specific pollution sources, while cluster analysis categorized MPs with similar characteristics, thereby enhancing the
understanding of their distribution patterns. These findings provided novel insights into the pervasive presence and pathways of
plastic pollution in developing nations, offering important considerations for international efforts to address public health and
environmental challenges associated with MPs.
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1. INTRODUCTION

Plastics have become integral to modern life due to their
versatility and convenience, yet their persistence in the
environment has led to significant pollution challenges."”
The issue of plastic pollution intensified during the COVID-19
pandemic, with global production soaring to 390.7 million tons
in 2021, driven largely by single-use items like masks and
personal protective equipment predominantly made of poly-
ethylene (PE) and polystyrene (PS).” Alarmingly, approx-
imately 50% of these plastics are disposed of after a single use.’
Additionally, durable consumer products contribute to an
estimated 20—25% of plastic waste entering the environment.’
Recently, microplastics (MPs), defined as plastic particles less
than 5 mm in size, have emerged as a significant environmental
contaminant, recognized for their widespread distribution
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across various ecosystems—including water, sediment, and
air—and their diverse sources and ecological risks.”’

Unlike larger plastic debris, which tends to accumulate in
visible clusters, MPs are dispersed throughout both aquatic and
terrestrial ecosystems. Their small size enables easy transport
by wind and water currents, resulting in their presence in
remote habitats.” MPs can originate from larger plastics
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Figure 1. (a) Map of Bangladesh highlighting the study region, (b) Dhaka district, and (c) sampling stations (S1—SS) along the Buriganga River

with different pollution sources of MPs.

through processes like weathering and fragmentation or from
primary sources such as microbeads in personal care products
and microfibers from clothing.” These pollutants pose
considerable threats to aquatic environments and organisms,
with their persistence in the environment leading to
bioaccumulation and potential harm to human health."*
Studies have documented the presence of MPs in various
aquatic organisms, including zooplankton, fish, and shellfish,
highlighting their infiltration into food chains.*™” As a result,
the pervasive presence of MPs in the food web raises
significant health concerns as they can act as carriers for
toxic substances such as PCBs and PAHs, potentially
contributing to hormonal disruptions and various dis-
eases.”*”'> MPs also release hazardous contaminants like
phthalates and bisphenol A, which can lead to carcinogenic
diseases and reproductive issues.'” Given these alarming
circumstances, it is crucial to assess MP contamination levels
across different ecosystems to understand their risks to human
health and the environment.

Current methodologies for MP extraction and identification
include manual sorting, chemical digestion, and advanced
spectroscopic techniques such as Fourier-transform infrared
(FTIR) and Raman spectroscopy.'” While these methods are
widely employed, achieving accurate separation and identi-
fication remains a challenge due to the lack of standardized
protocols.'* Manual sorting allows direct observation but is
labor-intensive and prone to human error. Density separation
methods may underrepresent smaller MPs, while chemical
digestion can alter MP properties.” FTIR and Raman
spectroscopy are effective for identifying MPs but may miss
certain polymers.ls’16 Additionally, quantifying MPs is
complicated by their size overlap with natural sediments,
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making differentiation difficult. Establishing standardized
protocols is essential to minimize variability in research
outcomes.

The contamination factor (CF), pollution load index (PLI),
risk quotient (RQ), and potential hazard index (PHI) are
critical metrics for assessing MP contamination and ecological
risk.">”'® Each index has its strengths and weaknesses: CF
offers a straightforward baseline comparison but may overlook
ecological effects, while PLI provides a broader pollution
overview but can obscure specific contributions. RQ_evaluates
ecological risks based on harmful thresholds but relies on the
accuracy of these thresholds. The PHI integrates MP
abundance and composition but is constrained by data
availability on ecological harm.” Together, these indices reveal
the complexities of MP risk assessment and emphasize the
need for standardized methodologies tailored to specific
geographic contexts, particularly in developing regions like
Bangladesh, where no standard threshold values currently exist
for MP concentrations. Existing frameworks stress the
importance of localized assessments to accurately evaluate
the risks associated with MP contamination as generalized
standards may inadequately address the unique environmental
and socio-economic factors in these areas.'”

The Buriganga River, heavily urbanized and winding through
Dhaka, is a critical water resource, crucial not only ecologically
but also for drinking water supply, transportation, and
recreational activities."” Despite its significance, the river
suffers from severe pollution due to mismanaged waste, with
an estimated 2 million cubic meters of domestic effluents
generated daily, compounded by discharges from over 7000
industries.'”*° Toxic waste, particularly from dyeing, washing,
and pharmaceuticals, contributes to the river’s contamina-
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Figure 2. Sample preparation, digestion, and analytical process to extract MPs from water samples of Buriganga River (photo courtesy: Khadija).

tion.”” With a per capita plastic use in Dhaka at 22.25 kg, three
times the national urban average, understanding MP
prevalence and impact in this urban waterway is essential for
effective waste management st1'ategi<es.18’21’22

Bangladesh is a major contributor to global plastic waste
rnismanagement,z’18 and MPs have been identified across
various environmental sectors, including coastal and estuarine
water,”® sediment,’’ fish,'® shellfish,”> and sea salts.”*
However, freshwater ecosystems have larfgely been overlooked
in prior studies. Preliminary assessments " in the Buriganga
River have provided initial data but suffer from several
limitations. These studies are constrained by limited sample
sizes and species diversity, reducing the ability to generalize
MP bioaccumulation across the broader aquatic food web.
Additionally, the absence of detailed polymer identification
restricts the development of targeted pollution mitigation
strategies. Furthermore, there has been no effort to trace the
sources of MPs, limiting actionable insights for addressing
pollution at its root. Comprehensive data on MP distribution,
origins, and the specific mechanisms of transport and
accumulation in freshwater environments are scarce. There-
fore, this novel study aimed to address these gaps by
characterizing, describing the distribution patterns, identifying
sources, and assessing the ecological risks of MP contam-
ination in the Buriganga River, a critical water resource for
Dhaka Megacity, to enhance public health and environmental
sustainability efforts in Bangladesh.

2. MATERIALS AND METHODS

2.1. Study Site. The city of Dhaka is bounded by the
Buriganga River (23° 37’ 42" N, 90° 26’ 30" E), which is
located close to the confluence of the Padma and Upper
Meghna rivers (Figure 1). The Turag, Jamuna, Karnatal,
Dhaleswari, and Tongi Khal rivers and canals, among others,
flow into and out of the river. Its maximum depth is 18 m,
while its average depth is 7.5 m. The water discharge fluctuates
annually, from 700 m’® per second in the rainy season (June to
October) to 140 m® per second in the dry season (November
to May).”® There are nine industrial sites in and around the
capital that contribute to river pollution, e.g., Tejgaon, Tongi,
Tarabo, Hazaribagh, Savar, Narayanganj, Gazipur, EPZ, and
Ghorashal.'” An incredible 56 million tons of garbage and 0.5
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million tons of sludge from the textile industry are dumped
into the Buriganga River each year.

2.2. Water Sample Collection from the River. A total of
50 water samples were gathered from five stations (S1—SS) of
the Buriganga River in Bangladesh during the wet season in
July 2022 (Figure 1). Each station had ten replicates for
accuracy and consistency in this study. The selection of
sampling stations along the river was carefully conducted,
taking into consideration various factors including land use
patterns, catchment utilization, potential pollution sources, and
ecological significance. This deliberate selection process aimed
to capture the diverse levels of pollutants, pathways, and
ecological conditions throughout the river. First, stations were
strategically positioned (using GPS) in close proximity to
identified sources of pollution, such as industrial zones, urban
settlements, and points of wastewater discharge. These
locations were anticipated to exhibit higher concentrations of
MPs due to direct inputs of plastic waste into the river.
Additionally, sampling stations were designated at sites of
ecological importance, such as areas with rich biodiversity,
fragile ecosystems, and zones allocated for recreational
activities. This comprehensive approach ensures a thorough
assessment of MP pollution levels and ecological impacts along
the Buriganga River.

The collection process involved filtering approximately 60 L
of river top layer water using a manta net (mesh size:0.3 mm)
and cod-ends. The manta net was used as the predominant
technique for collecting MPs from the marine and freshwater
systems. In this method, a flow meter was employed to
measure the volume of water coursing through the net during a
specific time frame. In this approach, the volume was
standardized based on factors like towing speed and duration,
thereby normalizing the findings per unit volume of sampled
water. The net was washed with distilled water prior to
sampling to avoid contamination and flushed from the outward
direction using river water, ensuring the transfer of all samples
into the cod-end. The net was lowered to a minimum depth of
0.5 m during the sampling process.”””’ Subsequently, all the
samples were carefully transferred into glass storage containers
equipped with PTFE-coated screw covers to ensure proper
containment”®** and avoid cross-contamination. The collected
samples were then transported to the LEEB (Laboratory for
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Ecology, Environment, and Biodiversity) for further examina-
tion and analysis.

2.3. Processing and Separation Process of MPs from
a Collected Water Sample. To enumerate and characterize
MPs in water, a step-by-step process was followed, consisting
of two major stages: reducing the water volume and filtering
the sample through the medium of density separation (Figure
2). There is no established standard method for these steps, so
the present study adopted the methodologies of other
published papers**” for MP extraction. The extraction process
began by transferring the collected water samples into 500 mL
beakers. Subsequently, the samples were dried in a hot air oven
overnight until they were dry. Afterward, wet peroxide
oxidation was carried out to eliminate organic matter from
the samples.”® In this process, 20 mL of 30% hydrogen
peroxide solution and 20 mL of 0.05 M ferrous sulfate solution
served as catalysts.

Then, the mixture was placed in a hot plate with a stir bar
and heated to 75 °C. When gas bubbles appeared at surface,
the beaker was placed in the fume hood and distilled water was
added to suppress the reaction. An additional 20 mL of 30%
hydrogen peroxide was added to the beaker if any organic
material was observed and placed in the hot plate for an
additional 30 min. The digested solution underwent separation
in a density separator with sodium chloride (NaCl) solution
(1.19 g/mL™") overnight to facilitate the removal of sand and
minerals. NaCl was used due to its widespread availability,
cost-effectiveness, and relatively lower toxicity. After settling,
the supernatant was sieved through cellulose nitrate filter paper
(pore size: 5.0 um; diameter: 47 mm). The filter paper was air-
dried in a glass Petri dish, and the resulting filter paper
underwent microscopic analysis for MP characterization and
FTIR analysis to determine their chemical composition. This
detailed procedure elucidates the steps employed in extracting
MPs from water in the current study.

2.4. Morphological Analyses of Separated MPs. MPs
from the filter paper were visually identified and quantified
using an 8—35X Zoom-stereomicroscope (Model: Leica EZ4E,
Germany) with a camera attached. The dimensions, shapes,
and colors of the MPs were documented, and high-resolution
images were taken with a camera. The sizes of the MPs were
calibrated using measuring computer packages, ImageJ (v. 2).*!
To confirm the identity of ambiguous MP particles, hot needle
tests were conducted.”* This method involves placing a hot
needle close to the target particle, causing plastic particles to
melt or curl, distinguishing them from nonplastic or biological
matter. Other characteristics of MPs, including size, color, and
type/shape, were analyzed by existing literature.”

To identify the polymer type of MPs, collected particles
from the filter paper were transferred into new Petri dishes. A
representative subset by including a diverse range of MPs in
terms of type, size, shape, and morpho-type were selected for
FTIR analyses. Specifically, we selected 20 MPs per site (four
per station), representing approximately 95% of the total
isolated probable MPs. For polymer identification, we applied
a 90% similarity threshold in FTIR analysis with reference
spectra to ensure accuracy, which provided clear identification
of all selected MPs. Polymer characterization was carried out
using an FTIR 8400S spectrometer (Shimadzu Corporation,
Japan), covering a wavelength range of 4000—400 cm™' and
employing the potassium bromide pellet method. Approx-
imately 200 mg of potassium bromide was mixed with 1—3 mg
of the sample, perfectly compressed, and subsequently formed

into a transparent pellet using a Shimadzu (IR Prestige-21)
hydraulic press for 1 min under a continuous pressure of 10
tons, all conducted under evacuation. The resulting pellet was
promptly analyzed using an FTIR spectrometer, scanning 30
times with a resolution of 2 cm-'. To enhance identification
accuracy, an automated contrast method utilizing comprehen-
sive spectral libraries was employed to cross-reference polymer
absorption bands from previous studies, minimizing the risk of
misidentification-*>**

2.5. Quality Assurance and Control of Contamina-
tion. The accuracy and reliability of the data were ensured by
strict attention to quality assurance and quality control (QA/
QC) procedures. This encompassed careful calibration of
instruments, analysis of blank or blind samples, standardization
of sampling and analytical procedures, validation of results
through replicate analyses during extraction, visual identifica-
tion under a stereomicroscope, and FTIR analysis. Further-
more, FTIR spectral data were accurately compared with
established reference data to ensure consistency and accuracy
in polymer identification Throughout the experiment,
numerous safety precautions were implemented to minimize
the risk of contamination. All solutions, including FeSO, and
NaCl, underwent filtration through a 5.0 pm filter paper to
prevent cross-contamination of MPs. Specific care was taken
during the wet peroxide digestion process, especially when
handling hydrogen peroxide, and the entire reaction occurred
within a fume hood to mitigate potential hazards. Further
measures were employed to prevent cross-contamination,
particularly from synthetic fibers in clothing and airborne
pollutants. Thorough cleaning of laboratory equipment and
surfaces was conducted using distilled water and 70% alcohol.
Sieving materials through a 0.3 mm mesh yielded particles
ranging from 0.3 mm to 5 mm in size. Similar procedures were
applied for blank samples, where no MPs were detected.
Additionally, in the case of filtering bottled water samples, the
filtered water was left exposed in a beaker postfiltration.

2.6. Ecological Risk Assessment. As of now, there is no
established model for effectively assessing the ecological risks
arising from MPs pollution. However, a recently developed and
reliable risk assessment model offers a promising approach for
evaluating the potential ecological risks related to MP
pollution. In this study, three methods were employed to
assess the ecological risks of MPs.”"*> The first strategy entails
the assessment of the environmental toxicity of different kinds
of MP polymers

PHI = ) Pn X $n (1)

where Pn represents the % of particular polymer types
obtained from each sample, and Sn corresponds to the hazard
scores of the polymers.”

The second method created an ecological risk index (RI)
with tl;g capacity to detect the level of MP pollution in surface
water:

<]
E=TX|—=
G (2)

i=0 (3)

Here, E; denotes the potential ecological risk factor and T;
stands for the toxicity coeflicient associated with the
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constituent polymer. The toxicity coefficient is computed by
combining the sample’s % of each polymer type (Pn/C,) with
the hazard score of plastic polymers (Sn). Additionally, (C,/
C,) represents the ratio of the recorded value of MP
concentration to the background level. Given the absence of
a background value, the lowest MP concentration found in this
study (266.7 items/L) was adopted as the background value.*
The third approach employed to evaluate MP contamination
in a surface water samgle involves utilizing the PLL The model
is defined as follows:”
G
CE = —
C, 4)

PLI = /CE (5)

2.7. Potential Sources lIdentification of MPs. To
identify the sources of MPs, principal component analysis
(PCA) and cluster analysis were employed based on their
density and physical and chemical characteristics. PCA was
utilized to reduce the complexity of the data set, transforming
multiple variables into principal components (PCs) that
highlighted variations among MP samples based on attributes
such as size, shape, and polymer composition. This approach
facilitated the visualization of relationships between different
MP types, enabling the identification of trends linked to
specific pollution sources.

Following the PCA, cluster analysis was applied to categorize
MPs with similar characteristics into distinct groups, which
indicated specific origins. Particles forming cohesive clusters
often share morphological traits or chemical signatures,
suggesting a common source, such as industrial discharge,
urban runoff, or agricultural activities.

2.8. Statistical Analyses. The abundance of MPs in
collected water samples was quantified as items/m’ at each
sampling site. The statistical techniques employed for
analyzing abundance data involved descriptive statistics, such
as mean, and standard deviation, to provide a concise summary
of the central tendency and variability of data. Moreover,
analysis of variance (ANOVA) with a significance level of 5%
was conducted to test significant variation among the sampling
stations. Data normality statistical was checked by the
Shapiro—Wilk test. The homogeneity of variances was assessed
by utilizing Levene’s test. Statistical analysis was conducted
using two software packages: PAST software (Paleontological
Statistics; Version 4.03) and SPSS software (Statistical Package
for the Social Sciences). Additionally, the sampling points were
visualized on a map using mapping software (ArcGIS 10.3).

3. RESULTS AND DISCUSSION

3.1. Prevalence and Abundance of MPs in the Water
of Buriganga River. Figure 3a illustrates the abundance of
MPs in the surface water of the Buriganga River. The quantity
of MPs varied across sampling locations, ranging from 350.00
+ 64.79 to 660 + 122.52 items/m?> of water, with an average of
499 + 84.40 items/m>. The highest and lowest abundance of
MPs were noticed in S3 and S4 stations, respectively. One-way
ANOVA revealed highly significant differences in mean MP
concentrations across the sampling sites (F = 16.93, p < 0.01).
Tukey’s posthoc tests further confirmed distinct variations in
MP abundance between locations. Generally, these differences
in MP distribution can be attributed to multiple factors,
including the physical properties of the plastics, local
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Figure 3. Abundance and morpho-chemical characteristics of MPs in
the surface water sample of the Buriganga River: (a) abundance of
MPs, with S1 representing the downstream station and SS
representing the upstream station of the river and (b) types, (c)
color, (d) shape, and (e) size range of MPs.
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Table 1. Comparison of MP Levels in Surface Waters from Global Freshwater Rivers and Creeks with Geographical and
Hydrological Characteristics Similar to Bangladesh, Including Climate, Land Use, Urbanization, and Comparable Sampling

and Analytical Methods

dominant
country location sampling method abundance size polymer ref
Bangladesh ~ Buriganga River 0.3 mm manta net 486.8 + 84.44 items/m> <0.5 PE, PP, EVA, PS, this
nylon study
China Lake Ulansuhai 48 pm stainless steel sieve 1760 + 710 to 10,120 + 4090 <0.5 PE 45
items/m>
China Wei River 75 pm stainless sieve 3670 to 10,700 items/L <0.5 NA 46
USA Milwaukee River Basin to 333 pm mesh neuston net 0.21 to 19.1 particles/m? 3 vary 41
Lake Michigan 0.36—0.99

Canada Wascana creek 80 pm mesh conical net and 75 ym 0.9 + 0.3 to 7.7 + 2.0 NA NA 42

mesh size particles/m?
USA San Gabriel River Water: nets less than 1 mm mesh 150.57 particles/ m? 1-4.75 NA 43
Portugal Antua River water pump with a 0.055 mm mesh 58—193 items/m? NA PE and PP 44

net

—4

geographical features, hydrological dynamics, and prevailing
weather conditions, all of which influence the uneven dispersal
of MPs in aquatic environments.”® In the Buriganga River, the
spatial variation in MP contamination across different sampling
stations was influenced by a range of environmental and
human-induced factors'® Stations located near sewage
discharge points and industrial zones—particularly those
associated with textile, plastic, and chemical industries—
displayed significantly higher concentrations of MPs (Figure
1), primarily due to the release of untreated wastewater, a
primary source of MP pollution in river. The areas with dense
populations also exhibited elevated MP levels, largely
stemming from mismanagement of household waste and
improper disposal of plastic products.'” In contrast, stations
situated downstream, where stronger water flow prevails,
revealed fluctuating MP levels, as hydrological dynamics
disperse or transport these particles. For instance, at station
S3, reduced water flow caused by a partially closed river mouth
and structural barriers, such as bridges, led to an accumulation
of MPs. In comparison, station S2, which is situated further
from direct pollution sources and with better water circulation,
showed lower MP contamination. These observations stressed
the role of localized pollution sources, water flow variations,
and physical obstructions in shaping the spatial distribution of
MPs within the Buriganga River.

The catchment area of the river is highly populated and
heavily industrialized. Plastics are utilized in a wide array of
applications, including household goods, food packaging,
apparel, and furnishings. Therefore, MPs can originate from
various sources, including daily activities like bathing and oral
hygiene, as well as the shedding of fibers from textiles and the
presence of plastic pellets in pharmaceuticals and personal care
items. These diverse sources contribute to the high presence of
MPs in rivers. Moreover, the levels of MP pollution appear to
be linked to anthropogenic activities, local environmental
conditions, and weather patterns.’”*’ Nevertheless, upon
comparing the findings of the current study with those of
freshwater ecosystems worldwide (Table 1), it emerged that
the Buriganga River exhibited a higher mean MP abundance
than the Milwaukee River Basin to Lake Michigan,41 Wascana
Creek in the USA,** San Gabriel River in the USA,* Antua
River in Portugal,44 and the Meghna River.”® In contrast, the
researched area was comparatively less contaminated with MPs
than the water in Lake Ulansuhai in China® and the Wei River
in China.*® Various factors, including domestic waste, sewage,
industrial inputs, touristic activities, and the types and chemical
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composition of MPs in river water’ " could lead to the
diverse prevalence of MPs in rivers. Moreover, many studies
have not standardized their protocols, resulting in incon-
sistencies in mesh sizes, sampling volumes, and processing
techniques, which complicated the cross-comparison of data.
3.2. Structural Features of MPs Collected from the
Water. The surface water contained four different forms of
MPs (Figures 3 and 4). The most common MPs discovered

A - B 2

Figure 4. Microscopic images of MPs: (A) sheet, (B) fiber, (C) sheet,
(D) fragment, and (E) foam.

(89.93%) was fiber, followed by films (5.20%), fragments
(3.47%), and foams (1.40%). Furthermore, fibers predomi-
nated throughout all sampling locations (Figure 4a), with the
majority of them having a filamentous morphology. While
nearly all films and fragments exhibited irregular shapes, foams
were predominantly spherical. The majority of fibers were
detected at samplin§ station S1, consistent with findings from
previous studies”*® that also noted a higher abundance of
fibers in surface water. These fibers may stem from various
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Figure S. Polymer characteristics: polyethene (A), polypropylene (B), EVA (C), nylon (D), polystyrene (E), and % composition (F).

sources, including residential wastewater,”® the degradation of
fishing nets and lines,*” or the deposition of airborne
materials.”’ Films observed in the water may result from the
deterioration of larger plastic bags and wrappings.”” Addition-
ally, the disintegration of plastic bottles or other plastic items
could contribute to the formation of foam and irregularly
shaped fragments.>®

In this study, colored particles were the dominant type,
accounting for 56.71% of total MPs in number. The observed
colors were violet (25.05%), red (13.16%), white (6.14%),
pink (4.61%), blue (3.81%), green (2.81%), and black (1.14%)
(Figure 3c). Plastic plays an indispensable role in enhancing
modern-day comfort, and coloration serves as a prevalent tactic
to enhance the market appeal of plastic products.’ The
presence of colored items in the analyzed areas likely originates
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from the clothing and packaging of nearby residential areas.
The prevalence of translucent plastics in fishing lines and nets
may contribute to transparent particles comprising 43.29% of
all MPs.>® Plastic cups, single-use bags, and bottles, which have
a short lifetime, could be the source of transparent MPs.*®
In this study, three distinct groups of MP sizes were
analyzed, with MPs smaller than 0.5 mm in size being the most
common (87.24% of the total number of MPs detected).
There were also a few MPs that were between 0.5 and 1 mm in
size (8.48%) and 1 to S mm in size (4.2%) (Figure 3). The
results of this investigation align with previous studies”*® that
observed a predominance of smaller-sized MPs in surface
water.”>* Various hydrodynamic processes, such as water
current, sedimentation, wind, and wave action, along with
vertical water mixing, can contribute to the breakdown of
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Figure 6. PCA (a) and cluster analyses (b) of MP types from all stations.

larger MP particles into smaller fragments, leading to the
presence of minute MPs suspended in the water.”

3.3. Polymer Composition of MP Particles. A total of
20 samples were examined in FTIR spectral analysis, and all of
them were verified as plastic polymers. Five different types of
polymers, including PE, PS, nylon, PP (polypropylene), and
ethylene vinyl acetate (EVA), were identified by FTIR spectral
analysis in the water samples (Figure S). PE emerged as the
most prevalent polymer among the MPs examined, constitut-
ing 45%, followed by PP at 35%, EVA at 10%, and 5% each for
PS and nylon (Figure S). These findings align with results from
other studies.””*>** The prevalence of PE and PP as the most
common MP polymers is in line with their extensive
production and widespread use.” The high concentrations of
PE, PP, and PS indicate the widespread use of items such as
plastic cups, water bottles, toys, eyeglasses, packaging materials,
and fishing nets. These items are frequently disposed of into
the environment without proper recycling measures in place.”’
The widespread use of nylon in fishing nets links fishing
activities to the presence of nylon in the environment.”® EVA,
a rubber employed in footwear, packaging, and fishing
equipment, also featured prominently.”

3.4. Pollution Source Identification. In this study, PCA
has been used to analyze the occurrence of various types of
MPs in different sampling stations. The PCA output on
samples from five different sites along the Buriganga River
revealed significant spatial variations in the distribution of
MPs. The analysis identified five PCs, with PC1 and PC2
collectively accounting for over 81% of the total variance in the
data set (Figure 6a). Specifically, PC1 exhibited strong
correlations with PE, PP, and EVA, indicating that these
materials are the predominant types of MPs present in the
river. Similarly, PC2 reinforced the prominence of PE and PP,
while PCs 3, 4, and S highlighted the presence of other MP
types, such as nylon and PS. The findings demonstrated a clear
dominance of PE and PP across all sampling sites, under-
scoring their widespread use in consumer products and
packaging, which significantly contributes to pollution in the
Buriganga River. Variability in MP concentrations observed
between different stations may be attributed to localized waste
inputs and varying land-use practices, such as industrial
activities and urbanization, which influence the quantity and
type of waste entering the river. Hierarchical cluster analysis
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(HCA) was conducted to categorize locations exhibiting
similar plastic contamination based on color, size, shape, and
composition. The results of HCA unveiled three distinct
clusters, as depicted in Figure 6b. Cluster 1 encompasses
locations such as S1 and S2, characterized by high composi-
tional fractions of PP. Cluster 2 includes locations like S4 and
SS, exhibiting a predominant composition of PE. Meanwhile, a
single sampling site, S3, forms Cluster 3, distinguished by a
high composition of PE.

3.5. Ecological Risk Assessment of Surface Water. The
evaluation of ecological risks associated with MP pollution has
largely been unexplored due to the absence of systematic and
standardized methods. The objective of the risk assessment in
this study is to establish a preliminary approach for evaluating
the ecological risks induced by MPs, aiming to comprehend
potential ecological issues and provide the local government
with a fundamental set of reference data for effective plastic
waste management. Through the utilization of the combined
polymer hazard index, PLI, and prospective ecological R, this
study enabled a preliminary quantitative assessment of the
ecological risk stemming from riverine MP pollution. In this
study, the ecological risk because of MPs in the surface water
samples was evaluated by using PHI, E, RI, and PLIL Table 2

Table 2. Potential Ecological Risk Assessment for MPs in
Water Samples of Buriganga River

E; (risk level)

PE PP EVA PS nylon RI* PHI PLI

S1 0.63 0.11 0.51 0.00 0.00 4.58 550 191

S2 1.57 0.14 0.00 0.00 0.00 S.00 600 1.71

S3 0.83 0.04 0.00 0.00 2.39 17.92 2150 2.35

S4 115 0.05 0.47 0.00 0.00 6.67 800 2.00

SS 0.97 0.04 0.00 1.32 0.00 11.04 1325 2.17
“See eq 3.

represents the PHI of MPs in the surface water of Buriganga
were 550, 600, 2150, 800 and 1325 for S1, S2, S3, S4, and SS,
respectively. The PHI for the entire Buriganga River was
determined to be 1085 based on the average MP polymer
composition from five sampling points. The overall risk of MPs
pollution in the Buriganga River was assessed at Hazard Level
V. Stations S3 and S4 exhibited elevated PHI values (>1000)
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owing to the presence of polymers with higher hazard scores,
notably nylon and PS. Despite the comparatively lower hazard
scores of PP, PE, and EVA, the chemical toxicity associated
with these polymers warrants attention. Due to the higher
ecological impact values (E;) of PE, PS, and nylon in
comparison to those of PP and EVA, these materials pose
elevated risks. Notably, the risks attributed to EVA were found
to be insignificant across all samples (Table 2). With the
incorporation of various MPs polymers, the RI values of
surface water indicated minimal ecological concern (RI 150).
However, since RI is influenced by both hazard scores and the
prevalence of different polymer types, higher RI values were
observed in instances of heightened hazard. Therefore, further
research is imperative to ascertain the potential risk MPs
exposure in surface water environments.

The PLI was used to estimate the degree of riverine
pollution, which was utilized as a simple and comprehensive
tool for measuring the contamination in Buriganga River. The
PLI values of all samples were <10, indicating “Hazard level I”
(Table 2). Considering that PLI was calculated using the ratio
of MP occurrence to background value, polymer kinds of MPs
appear to have a negligible impact on PLI. The abundance of
MPs is highly correlated with socioeconomic variables such as
population density, industrialization level, way of life, level of
economic development, and fisheries development. For
instance, human activity in the local environment is linked to
MPs availability.”” The PLI values in the present study are
relatively higher than those reported in Moheshkhali Channel,
which may be because of the presence of MPs with high risk in
Buriganga River.’" The PLI values of Shiwuli River, China, in
flood season and the nonflood season were 2.24 and 1.66,
respectively, which indicates hazard level I, which is similar to
our present study.”

4. CONCLUSIONS

This study provided a first comprehensive study on the
characterization, contamination levels, potential sources
identification, and risk assessment of MPs in surface water
from a highly urbanized river in Bangladesh. The findings
revealed the widespread presence of MPs at all stations along
the river, with an average concentration of 486.8 + 84.44
items/m®. The most prevalent types of MPs were fibers,
transparent particles, and those smaller than 0.5 mm.
Predominantly, PE and PP polymers were identified, likely
originating from plastic packaging, containers, and direct
disposal of plastic waste into the river. The presence of other
polymers like PS, EVA, and nylon suggested their significant
use in the area. The polymer-based ecological risk assessment
indicated moderate to extreme contamination levels. PCA
demonstrated the relationships among MP types, aiding in the
identification of trends linked to specific pollution sources.
Cluster analysis then categorizes MPs with similar character-
istics, enhancing the understanding of their distribution
patterns and informing targeted pollution mitigation strategies
by correlating clusters with known sources. Despite the ban on
single-use plastic bags in Bangladesh, their substantial presence
in the Buriganga River highlights widespread noncompliance
with regulations and inadequate waste management practices.
Future studies should prioritize the detection of smaller MP
particles to increase biological relevance as these finer particles
are more likely to interact with aquatic organisms and pose
elevated ecological risks. Further research combining Raman
spectroscopy with scanning electron microscopy holds the

potential to greatly improve MP extraction and identification
techniques. Moreover, incorporating automated image analysis
with machine learning algorithms could increase both the
accuracy and efficiency of MP detection while reducing human
error. This is essential for better assessing the ecological risks
posed to aquatic organisms and human health and for
developing advanced removal technologies.
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