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Microplastic pollution is an emerging global concern due to its persistent nature, toxic effects, and complex
detection techniques. This study analyzed microplastic (MP) abundance in water and sediments of
Buriganga and Turag Rivers in Dhaka city, revealing severe contamination in Buriganga (dry season:
26.98-374.84 MPs per L water, 11360-134,330 MPs per kg sediment; wet season: 5.17-9.07 MPs per L,
2060-10,225 MPs per kg). Turag exhibited lower pollution (dry: 3.02-24.76 MPs per L, 1430-6720 MPs
per kg; wet: 1.93-14.57 MPs per L, 1255-6590 MPs per kg). Dominant MPs comprised fragments/films/
fibers, with sizes <300 um (33-75% prevalence) and white particles (26-35%), supplemented by red/
black (Buriganga) and brown/black (Turag). Polymers were dominated by polyethylene (75-83%
occurrence) and polypropylene (83%), with polystyrene in 4-8% of samples. Moreover, the presence of
toxic heavy metals, e.g., Cr, Mn, Pd, Cd, Pb, was observed on the surface of MP samples. Hierarchical
Cluster Analysis revealed distinct groupings of sampling stations based on the concentration and weight
of MPs, highlighting spatial variations in MP distribution across rivers and seasons, while the Pollution

Load Index confirmed moderate risk across both rivers, peaking at 4.11 (water) and 4.02 (sediment) in the
Received 1st May 2025

Accepted 21st August 2025 dry season of Buriganga. Electrocoagulation (Al-Al electrodes, 15 V) achieved >99% MP removal within

150 minutes, following second-order kinetics with voltage-dependent efficiency. These findings

DOI: 10.1039/d5va00118h underscore MPs as complex hazards to the environment, urging prioritized source control, scaling of

rsc.li/esadvances remediation techniques, and standardized monitoring for urban river systems.

Environmental significance

Microplastic pollution represents a critical environmental challenge due to its persistence, ecosystem interactions, and potential human health impacts. This
study advances the understanding of microplastic pollution in urban river systems of Dhaka city, Bangladesh, through a comprehensive assessment of
microplastic contamination patterns across rivers, seasons, polymer characteristics, and presence of heavy metals. We demonstrate the efficacy of an
electrochemical treatment process for mitigating microplastic pollution while discussing the fundamental removal mechanisms in a laboratory setup. The
integrated approach, combining field-based microplastic pollution characterization with engineered solutions, provides actionable frameworks for developing
evidence-based regulations, optimizing waste management strategies, and implementing scalable remediation technologies in rapidly urbanizing regions
facing similar environmental challenges.

terephthalate (PET), are widely used in a range of
applications.>® These polymers are extensively used commer-
cially, industrially, and in households. PE and PS are widely

1 Introduction

Global plastic use has grown significantly in recent decades,

and worldwide plastic production was 460 million tons in 2019,
which is estimated to reach 1200 million tons by 2060."
Different types of polymers, such as polyethylene (PE), poly-
propylene (PP), polystyrene (PS), polyester (PES), polyvinyl
chloride (PVC), polycarbonate (PC), and polyethylene
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used as packaging materials, while PET, PC, and high-density
polyethylene (HDPE) are used for manufacturing plastic
bottles.” However, due to rapid industrialization and improper
plastic waste management worldwide, the amount of plastic
waste in the environment is increasing, with approximately 400
million tons generated each year.®* Moreover, the plastic recy-
cling rate is very insignificant. In 2019, only 9% of plastic waste
was recycled." Worldwide, 85% of packaging products ulti-
mately find their way into landfills and contribute to plastic
pollution.® Bangladesh, being a developing country, generates

Environ. Sci.. Adv.


http://crossmark.crossref.org/dialog/?doi=10.1039/d5va00118h&domain=pdf&date_stamp=2025-09-12
http://orcid.org/0009-0008-9498-8246
http://orcid.org/0000-0002-7460-5286
http://orcid.org/0000-0001-7663-7399
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5va00118h
https://pubs.rsc.org/en/journals/journal/VA

Open Access Article. Published on 15 September 2025. Downloaded on 10/3/2025 11:17:03 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Environmental Science: Advances

almost 1.095 million tonnes of plastic waste every year.® Every
day, approximately 646 tons of plastic waste are collected by
Dhaka North City Corporation (DNCC) and Dhaka South City
Corporation (DSCC) combined. Unfortunately, only 37% of the
plastic waste in DNCC and DSCC is efficiently recycled, and
a majority of the plastic waste makes its way into adjacent
canals and rivers." Since plastic is non-biodegradable, a huge
amount of waste plastics is sustained in the environment for
a long period of time, and contributes to the secondary micro-
plastics (MPs) in the environment.* Although secondary MPs
result from the long-term breakdown of large plastic waste, they
are currently considered the main contributor to environmental
MP pollution.*

In recent times, MP pollution has gained significant atten-
tion due to its non-biodegradability and potential impact on
ecosystems, wildlife, and human health.”® Extensive studies
have been conducted to evaluate the toxicity of MPs. Zhang et al.
(2017) showed that MP PVC particles with a diameter of 1 pm
significantly inhibited algal growth, resulting in a maximum
growth inhibition ratio of 39.7% after 96 hours of exposure.**
Choi et al. (2018) reported that both spherical and irregularly
shaped MPs accumulated in the digestive system of the
sheepshead minnow, resulting in intestinal distention. More-
over, the irregular microplastics significantly reduced swim-
ming behavior.”® To avoid MP contamination, aquatic
organisms may modify their feeding behavior, while the
continued accumulation of microplastics may contribute to the
decline of fish stocks and pose risks to ecosystem stability.*>*”
MPs pose significant risks not only to aquatic life but also to
human health. Although direct studies on the effects of MPs on
human health are limited, recent research using model organ-
isms and cell cultures suggests that MPs may induce immune
responses, oxidative stress, and reproductive or developmental
toxicity."® Similarly, Li et al. (2023) reported that toxicological
studies employing cells, organoids, and animal models have
shown that microplastics can cause a variety of adverse effects,
including oxidative stress, DNA damage, organ dysfunction,
metabolic disturbances, immune responses, neurotoxicity, and
reproductive and developmental toxicity." Therefore, studying
the presence of MPs in the environment is crucial, as under-
standing their abundance assists evaluation of the intensity of
pollution and identifies regions with high levels of contamina-
tion.”” Moreover, the MP abundance study will facilitate the
determination of the sources and pathways of MPs. The ob-
tained data will be useful for developing guidelines and regu-
lations to reduce MP pollution, implementing effective waste
management strategies, encouraging sustainable practices, and
reducing the MP release at their origin.**>*

MP pollution typically comes from terrestrial sources and is
distributed mostly by hydrological and atmospheric media
before accumulating in terrestrial, freshwater, and marine
environments. According to UNEP, approximately 1000 rivers
are responsible for almost 80% of the plastic that enters the
ocean each year, ranging from 0.8 to 2.7 million tonnes.® That's
why rivers hold immense importance as substantial contribu-
tors to MP pollution.” As a riverine country with an expanding
plastics market and limited waste management infrastructure,
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the rivers of Bangladesh face a significant threat from micro-
plastic pollution.® The Buriganga and the Turag rivers, which
flow around the capital city of Bangladesh, are among the most
heavily polluted rivers in the country due to the intense
discharge of industrial and municipal waste.”*>* These two
rivers are very important due to their critical pollution status
and regional importance in Dhaka. As primary drainage
channels, they receive a significant amount of plastic waste
daily® and exhibit severe heavy metal levels in sediments that
exceed safety limits,*® threatening ecosystems serving over 4
million residents. Critically, seasonal variation, particularly the
dry-wet cycle governing these river systems, remains unquan-
tified for MP pollution in these rivers despite its known impact
on hydrological transport mechanisms. Hence, the current
study focuses on the assessment of the identification and
quantification of MPs in the Buriganga and the Turag rivers in
two different seasons. Furthermore, conventional water treat-
ment plants cannot remove MPs completely.***> More than 4
million MPs per day are reported to be released from each
wastewater treatment plant (WWTP).>* Most of the particles
found in the treated water from a WWTP are less than 10 um.*°
However, conventional WWTPs cannot successfully remove
MPs smaller than 100 um.** Several treatment processes are
being studied for the treatment of MPs, such as bacterial
degradation, thermal degradation, electrocoagulation,
advanced oxidation processes, and adsorption.**>” Electro-
coagulation (EC) is an efficient technique for water treatment
that has the potential to remove such small MP particles.?*?%*?
The fundamental idea behind the EC process is electrolysis,
where the generated metal cations from the anode participate
in the production of micro-coagulants. These coagulants
destabilize the suspended particles, e.g., MPs in the water, by
binding them and settling as flocs.** Most of the recent liter-
ature reported an efficiency between 90 and 99.5% in the
treatment of different types of MPs from water. Most of these
studies used simulated water samples or wastewater from
wastewater treatment plants.***** Notably, there are limited
studies on EC treatment of MPs using actual river water
samples, creating a methodological gap especially relevant for
complex urban rivers like the Buriganga and Turag.

This study therefore addresses two key research needs in the
Buriganga and Turag rivers, e.g., (1) comprehensive seasonal
assessment of MP pollution across water and sediment
matrices, including characterization of physical properties
(morphology/size/color), polymer composition, and heavy metal
adsorption; and (2) evaluation of EC treatment efficacy for
natural river water, targeting high MP removal under opera-
tional voltages with kinetic analysis to understand in-depth
removal mechanisms.

2 Materials and methods

2.1. Study area

The study was conducted along the Buriganga and Turag rivers
in Dhaka, Bangladesh, which receive substantial wastewater
inputs from the metropolitan area. Twelve sampling stations
(six per river) were established following a systematic naming

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5va00118h

Open Access Article. Published on 15 September 2025. Downloaded on 10/3/2025 11:17:03 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

convention where each sample was coded by the river (B for
Buriganga, T for Turag), matrix (W for water, S for sediment),
season (D for dry season from January to March, W for wet
season from July to September), and station number (1-6). The
sampling design included industrial zones (B4 near Chandir
Ghat recycling facilities, T1 near textile mills), urban residential
areas (B1-B3 in central Dhaka, T3-T5 in Ashulia), and
upstream-downstream transects (B5-B6, T2, T6) to capture
spatial variations in microplastic distribution. Coordinates and
site characteristics are detailed in Table 1. The spatial distri-
bution is presented in Fig. 1, created using ArcGIS 10.8.2 with
hydrological data from the Bangladesh Water Development
Board. This approach enabled consistent sample identification
while examining microplastic patterns across different land
uses and seasonal flow conditions characteristic of the
monsoon climate of the region.

2.2. Sample collection

The surface water sample was collected from designated points,
as depicted in Fig. 1, using a bucket and a plankton net with
a pore size of 50 um. The top 25 cm of the water surface was
collected using a bucket or beaker, which was then poured into
the plankton net to separate the solid particles. This process
was repeated until 100 L of water was sampled from each
sampling point. During each sampling operation, the net was
cleaned with distilled water to prevent contamination. After
sample collection, the sample was stored in an amber glass
bottle and sealed properly with a cap. A total of 100 L of water
was collected from each sampling point. The upper 2-3 centi-
meters of the sediments were collected using a shovel. The
sample was stored in a glass beaker with aluminum foil cover-
ings. Bulk water samples were collected from both rivers (only
from T3 and B4) using a glass beaker for the removal process.
All samples were kept in a freezer in the laboratory at 4 °C for
a brief period before being processed. Sample processing was
initiated within 12 hours of its collection. The MP size range
studied in this research is summarized in Fig. S1.
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2.3. Sample processing and MP isolation

2.3.1. Sample processing and MP isolation from water.
Each sample was carefully filtered using a stacked arrangement
of 4.75 mm (No. 4) and 45 pm (No. 325) stainless steel mesh
sieves. This 4.75 mm (No. 4) sieve was employed as a substitute
instead of the desired 5 mm sieve due to unavailability. The
sample portion that passed through the No. 4 sieve and was
retained on the No. 325 sieve was thoroughly rinsed using
distilled water. The material retained on the 4.75 mm sieve was
discarded. Using a spatula, the solids accumulated in the No.
325 sieve were transferred into a clean and dry beaker (500 mL).
The transfer of all particles into the beaker was ensured by
rinsing the sieve carefully with a minimum amount of distilled
water using a wash bottle. Then, the samples were oven-dried at
80 °C until a constant weight was achieved. Then, 20 mL of
aqueous 0.05 M Fe>* solution was added to the beaker of
collected solids, followed by 20 mL of 30% H,O,. This H,O0, is
used for digesting the organic materials present in the samples.
The digestion capability of H,0, is increased by adding Fe*",
which acts as a catalyst. This mixture of Fe** and H,0, is known
as a wet peroxide oxidation (WPO) solution.”® The solution is
susceptible to vigorous boiling above 75 °C. Hence, the mixture
was allowed to rest at room temperature for 5 minutes. A stir bar
was introduced into the beaker to facilitate mixing, and the
beaker was subsequently covered with a Petri dish. The mixture
was then heated to a controlled temperature of 75 °C on
a magnetic hotplate. This reaction has the potential to overflow.
For safety measures, the beaker was moved from the hotplate as
soon as the gas bubbles were observed in the beaker. To miti-
gate any potential overflow caused by the reaction, the beaker
was subjected to a water bath for a short period of time. Heating
was continued at 75 °C for an additional 30 minutes. If any
organic matter remained visible, 20 mL of 30% hydrogen
peroxide was added. The procedure was conducted repeatedly
until all traces of natural organic material were no longer
visible. To increase the density of the aqueous solution,
approximately 6 grams of NaCl per 20 mL of the sample were

Table1 Name of the sample, sampling sites, coordinates (latitude and longitude), and dominant pollution sources of sites used in this research

Coordinates
No. Sample name Sampling sites Latitude Longitude Dominant pollution sources
1 B1 Pagla Ghat, Dhaka 23°39'40.3"N 90°27'15.1"E Urban runoff, municipal wastewater
2 B2 Postogola Bridge, Dhaka 23°41'16.0"N 90°25'37.8"E Mixed urban/industrial discharge
3 B3 Sadarghat Launch Terminal 23°42/21.6"N 90°24'20.8"E Launch operations, plastic waste
4 B4 Chandir Ghat 23°42/39.8"N 90°23'26.5"E Local plastic recycling industries
5 B5 Kholamora Ghat, Kamranghirchar 23°42'53.0"N 90°21'34.9"E Residential wastewater
6 B6 Gudaraghat, Hazaribag 23°44'02.1"N 90°21'13.9"E Tanneries (relocated to Hemayetpur),
industrial effluents
7 T1 Near Fulpukuria Thread & Accessories 23°53'51.6"N 90°26'05.4"E Textile dyeing effluent
Ltd, Tongi, Gazipur
8 T2 Near Tongi Rail Bridge, Gazipur 23°52/55.4"N 90°24'20.3"E Transport-related runoff
9 T3 Ashulia Kacha Bazar 23°53'48.0"N 90°20'03.3"E Market waste, urban runoff
10 T4 Ashulia Landing station 23°53'29.5"N 90°21'34.7"E Mixed residential/commercial waste
11 T5 Rustompur Ghat, Mirpur road 23°52/29.2"N 90°21'00.8"E Construction runoff
12 T6 Diabari Ghat, Mirpur road 23°47'53.9"N 90°20'24.2"E Agricultural runoff mixing zone

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Sampling points in the Buriganga and Turag rivers (map created using ArcGIS 10.8.2 software).

added, resulting in a solution with a concentration of approxi-
mately 5 M NaCl. The mixture was heated continuously at 75 °C
until the salt completely dissolved. The WPO solution was
transferred to the density separator. The WPO beaker was
rinsed with distilled water to ensure the complete transfer of
any remaining solids. The solids were allowed to settle

Environ. Sci.. Adv.

overnight. An extensive visual inspection of the settled solids
was conducted for the purpose of identifying any visible MPs. If
any MPs were discovered in the settled solids, they were care-
fully extracted using forceps, and the residuals were discarded.
The supernatants were separated from the floating solids in
a clean beaker, and then the supernatant was filtered using

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Block diagram of methods for processing (a) water samples, and (b) sediment samples.

Whatman GF/C filter paper (1.2 pm) with the help of a vacuum
pump. The separated MPs were stored in a clean and moisture-
free vial. The overall water sample processing method is illus-
trated in Fig. 2(a).

2.3.2. Sample processing and MPs isolation from the
sediment. The sediment samples were dried at 70 °C until
a constant weight was achieved. Each sample was homoge-
neously mixed, and 200 g of dried sample was transferred into
a clean glass beaker. 30% H,0, was added to digest organic
matter. After digestion, samples were dried again at 70 °C until
a constant weight was achieved. Sieving is performed if any
visible MPs are observed, and to remove particles larger than 5
mm. Density separation was performed using NaCl solution.
The supernatant was allowed to settle for 24 hours, and the
upper layer of the solution was filtered with pre-dried Whatman
GF/C filter paper (1.2 um), assisted by a vacuum pump. The
filter paper was then rinsed with distilled water. Finally, the
filter paper was dried at 40 °C for 24 hours before microscopic
inspection. The overall sediment sample processing method is
illustrated in Fig. 2(b).

2.4. Visual identification of microplastics

Visible and larger MPs were counted using forceps and
a magnifying glass. Smaller MPs were counted using a camera-
mounted microscope (Model: Nikon Eclipse E100, magnifica-
tion: 4%, 10x, 40x, 100x). The filter paper containing MPs was
directly placed under a microscope, and the mounted camera
was utilized to observe MPs in the filter paper and capture
pictures of MPs. Morphological identification followed stan-
dardized criteria such as fragments (irregular edges, variable
thickness), fibers (elongated cylindrical forms), films (thin flex-
ible sheets), and beads (nearly spherical shapes). The entire
quantification procedure was conducted in an enclosed area to
prevent sample loss and counting errors, with each sample being
counted three times. Visual classifications were systematically

© 2025 The Author(s). Published by the Royal Society of Chemistry

validated against polymer groups identified through FTIR anal-
ysis of composite samples (Section 2.5). The size and color
composition of the MPs were also observed. Image] software was
utilized for the size measurement of all MPs.

2.5. Characterization of microplastics

Fourier Transform Infrared Spectroscopy (FTIR) was used to
determine the type of polymer present in the MPs. For each
sample, the entirety of isolated MPs was homogenized and
analyzed as a composite to identify dominant polymer groups.
Therefore, multiple FTIR measurements (>3 per sample) were
performed on homogenized subsamples to ensure comprehen-
sive coverage of polymer groups. The FTIR spectra were recorded
for all the samples in the region of 4000-400 cm™ ' using
a Thermo Fisher Scientific Nicolet iS5 FTIR spectrometer. Spectra
were collected at 4 cm ™! resolution with 32 scans per measure-
ment after automatic background subtraction. The homogenized
sample was placed on a diamond crystal to collect the sample
spectrum. The collected spectrum is compared to the spectra of
various pure polymers to identify the sample content. This
approach confirmed that all visually identified particles
belonged to polymer groups detected in the sample. The surface
morphology of the MPs was evaluated by Scanning Electron
Microscopy (SEM) (microscope model: Zeiss EVO18, magnifica-
tion: 500-11,000%, acceleration voltage: 10 kV). A small, demys-
tified sample was placed on a two-sided conductive carbon-based
tape. The carbon tape was then placed in the sample holder.
Images of different positions were captured at the micro level. In
addition, Energy Dispersive X-ray (EDX) spectroscopy was per-
formed to analyze the elemental composition of the MP surface.

2.6. Microplastics removal using the electrocoagulation
process

2.6.1. Electrocoagulation experiment. EC experiments were
conducted in an open, undivided, square cell made of a 5 mm

Environ. Sci.: Adv.
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PVC transparent sheet having a cross-section of (14.8 x 14.8)
cm” with a volume of 4 L. Two aluminum plates were used as
electrodes, having a dimension of 13.1 cm x 9.4 cm x 0.15 cm.
The electrode spacing was measured to be 11.4 cm. All the
experiments were conducted at room temperature. The config-
uration of EC is represented in Fig. S2.

EC experiment was performed using 2 L of natural river
water from the Buriganga and Turag rivers, applying 5, 10, and
15 V. To easily understand the correlation between MP removal
efficiency and applied voltage, minimum voltages were applied.
A total of six runs were conducted, with three runs utilizing
Buriganga river water at voltage levels of 5,10, and 15 V, and the
remaining three runs utilizing Turag river water at the same
voltage levels. 67% of the total electrode surface area was
immersed in water. This 67% immersion was used to overcome
the surging and corrosion of metallic wire under stirred
conditions. All experiments were conducted with a consistent
stirring rate of 150 rpm using a magnetic stirrer to efficiently
distribute the micro-coagulants generated during the process.
The ‘Dazheng DC Power Supply’ converter was used for the
power supply.

During the experiment, 20 mL of supernatant was collected
into a beaker using a pipette after 5, 10, 15, 20, 30, 45, 60, 75, 90,
120, and 150 minutes. The 20 mL water sample was carefully
collected from a depth of 2-3 cm below the water surface to
ensure the exclusion of any foam or sludge. The collected
supernatants were processed to analyze MP content following
the previously mentioned sample processing methods in
Section 2.3.1. Then, MPs were counted carefully following the
previously mentioned sample processing methods in Section
2.4. Thus, MP contents at 0, 5, 10, 15, 20, 30, 45, 60, 75, 90, 120,
and 150 minutes were determined.

After each experiment, the electrodes were immersed in 1 M
H,S0, for 5 minutes, abraded with a steel scrubber, followed by
sequential washing with tap water and distilled water, and then
oven dried at 105 °C. This was performed to remove the
passivation layer formed during experimentation.

The MP removal efficiency was calculated to evaluate the
treatment performance using the following equation:

G - C

%Removal = L x 100% (1)

0
where Cy and C; were the initial and present values of the MP
content.

The changes in pH, dissolved oxygen (DO), total dissolved
solids (TDS), total suspended solids (TSS), and electrical
conductivity were evaluated using standard methods during the
EC process.

2.6.2. Kinetics study. The removal kinetics of MPs using
the EC process were studied for both Buriganga river and Turag
river samples using zero-order, first-order, and second-order
kinetic models. This kinetic analysis was essential to under-
stand the dominant removal mechanism, where second-order
kinetics specifically probes aggregation via particle-coagulant
collisions. The integrated form of expressions for zero-order,
first-order, and second-order kinetic models is illustrated in
eqn (2)-(4), respectively.

Environ. Sci.. Adv.

View Article Online

Paper

Co — C, = kot (2)
In (%) — ki 3)
AL—»I = kot (4)

where ¢ is the total EC run time and k, (MPs per L per min), &y
(min~"), and k, (L per MPs per min) represent the rate constants
of zero, first, and second-order kinetic models, respectively.

2.7. Spatial clustering and risk assessment

To analyze spatial patterns of microplastic pollution, hierar-
chical cluster analysis (HCA) was performed on MP abundance
and weight data from all sampling stations. The analysis
employed Euclidean distance to quantify dissimilarities
between samples and Ward's linkage method to minimize
within-cluster variance, with separate analyses conducted for
water and sediment samples in both rivers during dry and wet
seasons. This clustering approach allowed identification of
stations with similar pollution characteristics while preserving
the quantitative relationships between sites.

To assess the level of MP pollution in these rivers, the
pollution load index (PLI) method is employed. Tomlison et al.
(1980) proposed this method to assess the ecological risk, and it
is widely used for aquatic environments.** The assessment
model is as follows:*>>

G

CF,’ =
Coi

(5)

PLI = +/CF,PLL,, = {/PLI,PLL,PLI;...PLI, (6)

CF, is the quotient of the concentration (C;) of microplastics at
each sampling site and the minimum microplastic concentra-
tion (Cy;). Co; is a defined value for a water or sediment sample
of a river.

2.8. Quality assurance/quality control

To minimize sample contamination during the MPs analysis
procedure, glass products were prioritized over plastic products
throughout the whole process. An amber glass bottle was
utilized for storing water samples, as it provides excellent UV
protection.”® Nitrile gloves were consistently worn during
experiments, and all laboratory procedures were carried out on
clean benches. Procedural blanks were implemented for all
sample types: (1) Water blanks (n = 3 per batch) using filtered
DI water processed identically to samples showed negligible
contamination, and (2) sediment blanks (n = 3 per batch) using
pre-combusted commercial sand (450 °C, 4 h) yielded 30.2 + 1.5
particles per kg. These blank values were subtracted from the
corresponding sample abundances. The lab desk was cleaned
using 70% alcohol and distilled water regularly. All apparatus
utilized in this study were thoroughly cleaned with distilled
water and wrapped in aluminum foil to prevent contamination.
To avoid melting any MPs, all samples were dried at a temper-
ature range of 70-80 °C. Temperature was controlled during

© 2025 The Author(s). Published by the Royal Society of Chemistry
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digestion using a water bath to prevent the melting or loss of
MPs during digestion. The density separator was thoroughly
washed several times to collect all the MPs and minimize
sample loss. Additionally, each sample was covered with
aluminum foil after each processing step to minimize air
contamination and potential sample loss. Each sample was
counted three times to reduce quantification errors. The
quantification was conducted in a separate room to minimize
the number of individuals in the laboratory. The electric fan and
air conditioner were turned off, and a mask was worn during
quantification to minimize sample loss via airflow. While
formal recovery tests were not conducted, the triplicate pro-
cessing of all samples and consistent handling protocols
minimized particle loss variability. In addition, it has to be
acknowledged that particles <50 pm may be underrepresented
due to the sampling net pore size used in this study, and
absolute abundances should be interpreted as conservative
estimates.

2.9. Data analysis

All analytical and statistical analyses were performed using
Microsoft Excel 2016. Hierarchical cluster analysis (HCA) was
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conducted in R version 4.3.2 (R Core Team, 2023) within the
RStudio integrated development environment (version
2023.09.01; RStudio Team, 2023). Graphical visualizations were
generated using Origin Pro 2018.

3 Results and discussion

3.1. Quantification of microplastics

The quantification of microplastics (MPs) in the Buriganga and
Turag rivers revealed significant spatial and seasonal variations
in pollution levels. As shown in Tables S1, S2, and Fig. 3, the
Buriganga River exhibited substantially higher MP concentra-
tions compared to the Turag River, with sediment samples
containing markedly greater quantities than water samples
across both rivers. This observation suggests that riverbank
sediments serve as important sinks for MP accumulation in
these aquatic systems.

Seasonal analysis demonstrated pronounced differences in
MP abundance between dry and wet periods in the Buriganga
River. During the dry season (January-March), water samples
contained 26.98 + 0.15 to 374.84 + 18.74 MPs per L, while
sediment samples ranged from 11 360 + 1135 to 134 330 £ 5275
MPs per kg. These values decreased significantly during the wet
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Fig. 3 Seasonal variations of MP abundance in the Buriganga and Turag rivers. (a) Water samples in Buriganga river, (b) sediment samples in
Buriganga river, (c) water samples in Turag river, (d) sediment samples in Turag river.
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season (July-September), with water concentrations falling to
5.17 £ 0.16 to 9.07 + 0.46 MPs per L and sediment loads
reducing to 2060 + 455 to 10225 + 1600 MPs per kg. The
highest contamination levels were consistently observed at
station B4 (Chandir Ghat), a known center for plastic recycling
activities, where direct handling of plastic waste was visibly
evident during sampling (Fig. S3 and S4).

In contrast, the Turag River showed less dramatic seasonal
fluctuations. Dry season water samples contained 3.02 + 0.19 to
24.76 £ 0.71 MPs per L, decreasing to 1.93 &= 0.11 to 14.57 £ 0.44
MPs per L during wet periods. Sediment MP concentrations
remained relatively stable between seasons, ranging from 1430
=+ 140 to 6720 £ 145 MPs per kg in the dry season and 1255 + 45
to 6590 + 230 MPs per kg under wet conditions. The elevated
MP levels at station T5 may be attributed to its location at the
confluence of two tributaries, where hydrodynamic processes
likely enhance particle accumulation.

Morphological characterization identified three predomi-
nant MP types: fragments, fibers, and films (Fig. 4).

Size distribution analysis revealed that particles smaller than
300 um constituted the most abundant fraction across all
samples, representing 60.7-75.5% of MPs in the Turag River
and 32.6-42.7% in the Buriganga River (Fig. 5 and 6). This size
distribution pattern is consistent with the progressive frag-
mentation of larger plastic debris in aquatic environments.
Larger MPs (3-5 mm) were more prevalent in Buriganga
samples, potentially reflecting more recent inputs from point
sources.

Color analysis showed white MPs to be dominant (26-35% of
total particles), followed by black and brown/red particles (Fig. 7

/ Fragments

Films
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and 8). The color distribution varied between rivers, with
transparent MPs being twice as common in the Turag (9.5-
12.5%) compared to the Buriganga (5-7%). These differences
likely reflect variations in the sources and types of plastic waste
entering each river system. The predominance of white and
black particles correlates well with the colors commonly used in
packaging materials and textile fibers, which represent major
components of urban plastic waste.

Substantial disparity in MP pollution between the two rivers
can be attributed to several factors. The Buriganga flows
through more densely populated and industrialized areas of
Dhaka, receiving greater quantities of plastic waste from both
municipal and industrial sources. Additionally, its position
downstream of the Turag means it accumulates pollutants
transported from upstream areas. The Turag's relatively lower
MP levels may reflect its passage through less urbanized zones
and the presence of fewer direct waste input sources along its
course.

3.2. Polymer type of microplastics

The polymer composition of microplastics was determined
through FTIR spectral analysis (Fig. 9 and S5), revealing poly-
ethylene (PE) and polypropylene (PP) as the dominant polymer
types across both rivers. These accounted for 92% of water
samples and 96% of sediment samples, with polystyrene (PS)
appearing less frequently (8% in water, 4% in sediment). The
characteristic peaks of PE were identified at 2914, 2847, 1470,
1377, and 717 ecm™’, corresponding to CH, stretching and
bending vibrations.*> PP showed distinct peaks at 2924 cm ™

Fibers b

%
J “

ke 10

Fig. 4 Microscopic images of MPs observed from the Buriganga and Turag Rivers.
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Fig. 5 Size composition of MPs in Buriganga river samples (a) dry season water samples; (b) wet season water samples; (c) dry season sediment

samples; (d) wet season sediment samples.

(C-H stretching) and 1431 em ™" (C-C stretching), while PS was
identified by aromatic C=C stretches at 1601 ¢cm™ ' and
1440 em™".** The polymer distribution varied spatially, with PE
predominating near plastic recycling sites like Chandir Ghat
(B4), while PP was more common near textile industries along
the Turag. PS appeared primarily in urban centers, suggesting
different pollution sources. One notable finding was the co-
occurrence of all three polymers at station TWD3, indicating
mixed contamination at this location. While this analysis
provides robust identification of major polymer types, the NaCl
density separation method may have limited detection of
higher-density polymers like PVC and PET,**” suggesting that
the actual polymer diversity in these rivers could be greater than
reported. This consideration is particularly relevant for the

© 2025 The Author(s). Published by the Royal Society of Chemistry

complex waste streams of Dhaka, where multiple plastic types
are present. The complete polymer distribution across sampling
sites is detailed in Table S3, with characteristic FTIR peaks
summarized in Table 2.

3.3. SEM analysis of microplastics

Fig. 10 presents SEM images of fiber-type microplastics from the
Buriganga and Turag rivers, revealing substantial morphological
variations with significant environmental implications. Entan-
gled polymer fibers in Fig. 10(a) and (b) correspond to the find-
ings by Prajapati et al (2021), where complex aggregation
complicates accurate MP quantification through particle
entrapment. In contrast, Fig. 10(c) and (e) exhibit smoother

Environ. Sci.: Adv.
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Fig. 6 Size composition of MPs in Turag river samples (a) dry season
samples; (d) wet season sediment samples.

fibers with minimal surface adherents, suggesting recent envi-
ronmental introduction from textile effluents or municipal waste
discharge. Fig. 10(d) demonstrates fibers with adhered particu-
late matter, consistent with Tsering et al. (2021)* regarding the
role of MPs as carriers for co-pollutants. Evidence of progressive
weathering in Fig. 10(g) and (h), revealed through cracks and
flakes, aligns with mechanical fragmentation mechanisms
described by Ainali et al. (2021).** Complementary analysis in
Fig. S6 shows surface fractures in Fig. S6(a) and (b), indicating
advanced weathering stages®>* that enhance contaminant
adsorption capacity. Fig. S6(g) displays morphologically intact
particles, implying recent deposition,®” while thin-edge artifacts

Environ. Sci.. Adv.
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in Fig. S6(b) result from electron beam penetration during SEM
imaging. Critically, adherent microparticles in Fig. S6(a), S8(c),
(f), and (h) confirm MPs as substrates for heavy metal accumu-
lation.®>**%>% These morphological distinctions reflect source-
specific patterns where textile-dominated inputs in the Bur-
iganga contrast with the mixed anthropogenic origins in Turag,**
degradation timelines affecting contaminant bioavailability,*®
and region-specific pollution drivers necessitating tailored
remediation strategies for waste management challenges in
Dhaka.' The pervasive surface alterations underscore the
possible evolution of MPs into chemically active environmental
vectors during aging processes.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig.7 Color composition of MPs in Buriganga river samples (a) dry season water samples; (b) wet season water samples; (c) dry season sediment

samples; (d) wet season sediment samples.

3.4. Presence of heavy metals in microplastics

Energy-dispersive X-ray (EDX) analysis revealed substantial
adsorption of heavy metals onto microplastics (MPs) from both
rivers, with Table 3 (Buriganga) and Table S4 (Turag) quanti-
fying elemental compositions. MPs carried notable concentra-
tions of toxic metals, including Cr (up to 6.53 wt% at BSD4), Cd
(up to 2.08 wt% at BSD4), Pb (up to 3.56 wt% at BSD4), and Hg
(up to 5.01 wt% at BSW6), aligning with documented heavy
metal pollution in these waterways.**”* These findings confirm
the role of MPs as pollutant carriers, particularly at site B4

© 2025 The Author(s). Published by the Royal Society of Chemistry

(Chandir Ghat) near recycling facilities, where exceptionally
high metal levels corresponded with local industrial activities
(Table 1).

The adsorption mechanisms involve both physical and
chemical pathways. Surface weathering features observed
through SEM, including fractures, flakes, and cavities, increase
available surface area,®® facilitating metal deposition. Concur-
rently, electrostatic interactions and surface complexation
enhance binding affinity for cationic metals like Pb*" and
Cd**,%7° which creates persistent composite pollutants, as both

Environ. Sci.: Adv.
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Fig. 8 Color composition of MPs in Turag river samples (a) dry season water samples; (b) wet season water samples; (c) dry season sediment

samples; (d) wet season sediment samples.

MPs and heavy metals resist degradation and accumulate in
ecosystems for decades. Critically, co-existence amplifies
toxicity through combined effects, with studies showing
elevated bioaccumulation when metals bind to MPs.”

These metal-bound MPs pose dual threats, e.g., ecological
risks through trophic transfer when ingested by aquatic
organisms,"" and human health impacts via contaminated
fisheries, where Cd/Pb exposure correlates with renal impair-
ment and neurotoxicity.”” The spatial metal distribution
mirrored river pollution gradients, with Buriganga samples

Environ. Sci.. Adv.

exhibiting consistently higher metal loads than Turag, corre-
sponding to its greater industrial burden.**** These results
highlight the urgency of source-specific interventions targeting
industrial discharges in critical zones like Chandir Ghat.

3.5. Performance of electrocoagulation

Electrocoagulation (EC) treatment of natural river water from
the Buriganga and Turag rivers achieved high microplastic (MP)
removal efficiencies, which increased with both applied voltage
and treatment duration (Fig. 11).

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5va00118h

Open Access Article. Published on 15 September 2025. Downloaded on 10/3/2025 11:17:03 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

Paper Environmental Science: Advances
0N~ o~ (a2} w N~ o [se}
=< N~ S ~o - < o 9O~
28 38 S I8 23 38 S F
123 *"—*ﬁ_—'—\/“"—““*ﬁﬂl’—ﬂf‘ 123 v VY | .
140 | h BSW1 1! b 140 | H BSW?2 ¥ v
g0k ] L] g ] T
[ 120 —'———_\W—v—ﬁ—-\q’w—*‘_\ °‘,120 A 1 ' I
o 10 ! oo o110 A TN
8 oo I BsD1 i i | ook Goesoz
s OF o . oo c OF o o o
g ofF———i——— i | B ¥ A~
€ 0r i BWW1 i N g 0r i BWW?2 ' |
60 | H I 60 | H A
g sofb o~ L] 2k H SR
© 4L v BWD1 [ [ " © 40_—\_/§Vr———_\-m
o I i o o BWD2 T
= sop H I = 3¢t 4 AR
20 [ " i H " 2 [ o i H \
10 F H i 1 H 10 F I 0 | |
0 1 1 :: 1 1 I: : i :: 0 1 1 :: 1 1 I: : II : 1
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm™) Wave number (cm™)
w0~ ~— [s2] < N~ o~ (a2}
— <t (] o ~ N < O N~ o ~
[o2)0e] < o - o O < ™ o -~
150 T"“—‘\W—-’“’N\\”\M 150 ¥ Lo
140 F v BSW3 P 140 i ' Y
=130} 1 ! b —= 130 oo
X 120 e e e N = 120 . o
110 | N : | \ 110 | i h :
o 1 ! b o g
O 100 F i BSD3 . o O 100 F i BSD4 i oo
€ of H ' | 1 c | i | |
© N ' ' i © | 1 ' '
g o i —— | £ | I
E oF ' BWW3: =
» I i I I »
c 50 L | e
& 40l i VooBwbs| T &
- 30} i . b -
20F 1 ! b :
ok ' oo :
0 1 1 :: 1 1 I: i : 1 0 1 1 : 1 :
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm™)
0~ o~ ®
> 3 g5 8 &
160 oA R — 160
150 P 150
140 o 140
— 130 P — 130
&2 120 . & 120
o 110 o o 110
‘é 100 ! ! ! g 100
] 90 ! v ! H 90
£ 80 I £ 80
= 7 | ‘= 70
£ o BWWS 1| o £
5 xl ] B
"o Y
O 40t r BWD5 !} ! 8 40 :
= 30F I v I | = 30 '
20 F H i 1 | 20 |
10 F i i I 10 i
0 , I . NI 0 !
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm™) Wave number (cm™)

Fig.9 FTIR spectra of collected samples of Buriganga River (BWD: Buriganga water sample in dry season, BSD: Buriganga sediment sample in the
dry season, BWW: Buriganga water sample in the wet season, BSW: Buriganga sediment sample in the wet season).

Table 2 Polymers observed in this study and their characteristic peaks®2-438-6t

Polymer Key functional groups/bonds Characteristic FTIR peaks (cm ™) Peak assignments
PE C-H (alkane), C-C backbone 2915, 2848 Asymmetric and symmetric CH, stretching
1470 CH, bending
~1377 CH; umbrella mode
~720 CH, rocking
PP C-H (alkane), -CH; side groups ~2950, 2916, 2838 CH; asymmetric and symmetric stretching
~1431 (between 1465 and 1365) C-C stretching band peak
~1003 (between 1000 and 900) CH; bond oscillation band peak
PS Aromatic C=C, C-H (alkane), aromatic ring 3050 Aromatic C-H stretching
2840 C-H stretching
1600, 1440 Aromatic C=C stretching
698-750, 530 Aromatic C-H out-of-plane bending

© 2025 The Author(s). Published by the Royal Society of Chemistry Environ. Sci.; Adv.
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Fig. 10 Selected SEM images of collected samples (fibers).

Maximum removal efficiencies of 99.06% for Buriganga
water and 99.49% for Turag water were achieved at 15 V after
150 minutes, while 60 minutes treatments at this voltage
resulted in 96.24% and 97.69% removal, respectively. This
voltage-dependent performance results from enhanced
aluminum hydroxide (Al(OH);) coagulant formation through

Environ. Sci.. Adv.
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(b) TSWe

electrochemical reactions (eqn (7)-(11)),** where higher voltages
accelerate AI*" generation from the anode.

M) = Maq) + ne” )
2H,0) — 4H{aq) + Oxg) +de~ (8)
Maq) + ne” = M 9)
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Table 3 Elemental composition (wt%) of MPs in different samples of the Buriganga river

Element BWD2 BWW2 BSD2 BSW2 BWD4 BWW4 BSD4 BSW4 BWD6 BWW6 BSD6 BSW6
C 86.49 61.51 73.81 73.24 67.02 48.83 39.2 53.34 86.9 75.97 78.91 73.1
N 2.92 6.19 5.88 5.91 3.7 3.53 3.12 4.83 4.48 4.37 3.45 4.14
(0] 6.37 24.56 15.46 16.45 19.86 34.96 39.8 33.3 4.3 13.19 9.7 12.03
F 0.05 1.35 0.79 0.74 3.42 6.99 3.85 2.93 0.04 0.55 0.43 0.52
S 0 0 0 0 0.01 0.01 0.01 0.01 0 0 0 0
Cl 0.13 0.23 0.08 0.15 1.28 0.16 1.75 0.62 0.06 0.09 0.18 0.23
Cr 0.26 0.33 0.33 0.19 2.74 2.72 6.53 0 0.32 0.25 0.42 0.62
Mn 0.21 0.34 0.28 0.22 0 0 0 0.02 0.31 0.17 0.37 0.44
Fe 0.34 1.8 0.85 0.6 0 0.01 0.04 0 0.28 0.85 0.68 0.75
Co 0.18 0.27 0.2 0.14 0 0 0 0.01 0.24 0.21 0.47 0.31
Ni 0.22 0.28 0.24 0.24 0.02 0 0 0 0.19 0.15 0.51 0.4
Pd 0.22 0.34 0.28 0.21 0.01 0 0.01 0 0.18 0.27 0.39 0.4
cd 0.14 0.19 0.13 0.1 1.00 1.16 2.08 1.01 0.1 0.11 0.07 0.18
Sn 0.17 0.15 0.12 0.07 0 0.01 0.01 0.01 0.09 0.15 0.11 0.38
Sb 0.2 0.33 0.24 0.25 0.01 0.01 0.03 0.01 0.23 0.27 0.57 1.36
Hg 2.01 2.07 1.21 1.4 0.01 0.01 0.01 0.01 2.23 3.34 3.59 5.01
Pb 0.08 0.06 0.1 0.09 0.92 1.6 3.56 2.1 0.05 0.06 0.15 0.14
Cu 0 0 0 0 0 0 0 1.8 0 0 0 0
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Fig. 11 Removal efficiency of MPs from river water. (a) Buriganga river water and (b) Turag river water.

2H20(1) +2e — 2OH(:1q) + HZ(g) (10)

M:q;l) + nOH(;q) - M(OH)n(s) (11)

The coagulation process was confirmed by a progressive pH
increase (Fig. S7), indicating Al(OH); accumulation, and
decreased dissolved oxygen (Fig. S8) from oxygen evolution
during electrolysis.

EC simultaneously reduced other pollutants, with conduc-
tivity and total dissolved solids (TDS) in Turag water decreasing
from 572 pScem ™' to <7 pSem ' and 286 mg L' to <4 mg L*
within 5 minutes (Table S5). Similarly, total suspended solids
(TSS) decreased by 93% on average after 150 minutes (Table S6).
These efficiencies compare favorably with the literature for
synthetic systems (Table S7), such as 96.3% removal of PVC and
PE using Fe-Al electrodes in 120 minutes® and >99% removal
in synthetic wastewater within 60 minutes,* despite treating

© 2025 The Author(s). Published by the Royal Society of Chemistry

natural water containing diverse MPs rather than single-
polymer suspensions. However, the >99% efficiency represents
total suspended solid reduction rather than MP-specific elimi-
nation, as post-floc characterization was not conducted, a limi-
tation for future studies to address through polymer-specific
analysis.

3.6. Kinetics study

The reaction kinetics of microplastic (MP) removal by electro-
coagulation were systematically evaluated using zero-order,
first-order, and second-order models applied to experimental
data from both rivers. Fig. 12 and Table S8 demonstrate the
consistent superiority of the second-order kinetic model across
all experimental conditions, with R* values exceeding 0.98 for
both rivers at 15 V compared to <0.91 for alternative models.
For instance, Buriganga River samples at 5 V showed R” values

Environ. Sci.: Adv.
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Fig. 12 Reaction kinetics of MPs removal using the EC process: (a) Buriganga sample-zero order, (b) Buriganga sample-first order, (c) Buriganga
sample-second order, (d) Turag sample-zero order, (e) Turag sample-first order, and (f) Turag sample-second order.

of 0.76 (zero-order), 0.91 (first-order), and 0.99 (second-order),
while Turag River samples exhibited similar trends (0.73, 0.88,
and 0.98, respectively). This consistent pattern confirms that
MP removal occurs primarily through bimolecular collisions
between MPs and aluminum hydroxide flocs (Al(OH);),>*%
where particle-coagulant interactions constitute the rate-

Environ. Sci.. Adv.

limiting step rather than surface reactions or unimolecular
decay.’®*

Critically, (k2)
substantially with applied voltage: from 6.91 x 107> to 1.54 x
10~* L per MPs per min in Buriganga water and 6.46 x 10 ° to
3.26 x 10* L per MPs per min in Turag water as voltage esca-
lated from 5 V to 15 V. This voltage-dependence directly

second-order rate constants increased

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5va00118h

Open Access Article. Published on 15 September 2025. Downloaded on 10/3/2025 11:17:03 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

correlates with the electrochemical fundamentals of EC, where
higher voltages accelerate AlI** generation (eqn (7)), increasing
coagulant availability and collision frequency.*® The high &,
value at 15 V mechanistically explains the efficiency improve-
ments documented in Section 3.5, confirming 15 V as optimal
for urban river treatment. These kinetics provide critical
insights for scaling EC systems in pollution hotspots like
Dhaka, where collision-driven removal mechanisms offer
energy-efficient solutions for complex particulate mixtures.

3.7. Hierarchical cluster analysis (HCA) and risk assessment

Hierarchical cluster analysis (HCA) of microplastic abundance
and weight data identified distinct spatial groupings across
sampling stations for both rivers and seasons (Fig. 13 and 14).
Water samples from the Buriganga River during the dry
season formed three clusters: Cluster 1 (BWD1, BWD3,
BWDS5), Cluster 2 (BWD2, BWD6), and Cluster 3 (BWD4). In
the wet season, clusters shifted to Cluster 1 (BWW1), Cluster 2
(BWW2, BWW4, BWW6), and Cluster 3 (BWW3, BWWS5).
Similar clustering patterns emerged for Turag River water
samples: dry season Cluster 1 (TWD1, TWD2), Cluster 2
(TWD5, TWD6), Cluster 3 (TWD3, TWD4); wet season Cluster 1
(TWW1, TWW5, TWW2), Cluster 2 (TWW6), and Cluster 3
(TWW3, TWW4).

Sediment analysis revealed parallel groupings. Buriganga
sediments clustered as dry season Cluster 1 (BSD1, BSD4),
Cluster 2 (BSD2), and Cluster 3 (BSD3, BSD5, BSD6); wet season

—
=¥
=
o
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L = L
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Cluster 1 (BSW1), Cluster 2 (BSW2, BSW3, BSW4), and Cluster 3
(BSW5, BSW6). Turag sediments grouped as dry season Cluster
1 (TSD1, TSD2, TSD3), Cluster 2 (TSD6), Cluster 3 (TSD4, TSD5);
wet season Cluster 1 (TSW1, TSW2), Cluster 2 (TSW3, TSW4),
and Cluster 3 (TSW5, TSW6).

These spatial patterns consistently highlighted pollution
hotspots, with Chandir Ghat (BWD4/BSD4) forming isolated
clusters in the Buriganga during dry seasons, confirming its
status as a microplastic pollution hotspot. Wet season clusters
showed greater station consolidation, particularly in Turag
water samples, indicating hydrological homogenization during
monsoon periods.

The Pollution Load Index (PLI) was calculated for all samples
using minimum observed microplastic concentrations as
baseline values (Cy;).” In this study, the C; values for the Bur-
iganga River were 517 MP/100 L for water samples and 2060 MP
per kg for sediment samples. For the Turag River, the corre-
sponding values were 193 MP/100 L and 1255 MP per kg for
water and sediment, respectively.

PLI values across sampling sites (Fig. 15 and Table S9)
indicate significant seasonal variations. The Buriganga River
exhibited peak PLI values during the dry season (water: 4.11;
sediment: 4.02), with a substantial decrease in both matrices
during the wet periods. All values remained below the Risk
Level I threshold (PLI < 10), and sediments consistently
maintained this classification. Turag exhibited distinct
patterns: sediment PLI remained constant (1.53) year-round,
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Fig. 13 Dendrogram plot for water samples of (a) Buriganga river in the dry season, (b) Buriganga river in the wet season, (c) Turag river in the dry

season, (d) Turag river in the wet season.
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while water PLI was significantly elevated during dry periods
versus wet seasons. However, PLI inadequately captures
microplastic risk complexity due to the inability to differen-
tiate contaminant composition. Future assessments should
integrate polymer-specific risk factors and adsorbed contami-
nant loads for comprehensive risk characterization.

Pollution Load Index

T T T T T T T T
BSD BWD BSW BWW TSW TWD TSW TWW
Sample

Fig. 15 Pollution load index for the contamination of MPs.
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3.8. Comparison of MP abundance with previous studies

Microplastic abundance measurements in the Buriganga and
Turag rivers were compared with earlier studies, as detailed in
Table 4 (water) and Table 5 (sediment). Haque et al. (2023) re-
ported concentrations of 117-250 MPs per L in water (0.1 L
samples) and 3500-8170 MPs per kg in sediment (0.003 kg
samples) from the Buriganga River.** Islam et al. (2022) docu-
mented lower ranges (4.33 £ 0.58-43.67 £ 0.58 MPs per L water;
17.33 + 1.53-133.67 + 5.51 MPs per kg sediment) while
detecting multiple polymers (PP, PE, PS, PVC, PET, PA, PES)
through ZnCl, density separation.”” The present study identi-
fied exclusively PE, PP, and PS polymers, attributable to the
NaCl separation method, which has reduced efficiency for
higher-density polymers. Current Buriganga measurements (dry
season: up to 374.84 MPs per L water, 134 330 MPs per kg
sediment) exceed earlier values, possibly reflecting methodo-
logical differences: larger sample volumes (100 L water/200 g
sediment per site) and broader size characterization (>50 pum,
despite pore-size limitations) were employed versus prior focus
on >300 pm particles. Seasonal variation analysis and electro-
coagulation removal trials represent additional methodological
distinctions. Direct abundance comparisons remain con-
strained by protocol heterogeneity in sampling volumes, sepa-
ration techniques, and size detection limits across studies.
Reported values should therefore be interpreted as method-
influenced estimates rather than absolute environmental
baselines.

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5va00118h

View Article Online

Environmental Science: Advances

Paper

T 1ad SdIN 2S°0 F €9°9 uoAe1 ‘vq MLLI-M ysope[dueg (wm o¢) 3ou wopyuerd
9/ 017200 F £S°0 ‘ad ‘14ad ‘ad ‘3unios [ensip (wr og) uonenyig ‘19A11 A[[nyeUIRY] 0202 UM SISUTRIUOD Y[Ng 1918 M
Suikip ire
(w70 ‘wr 07)
uonen[y ysoperdueq
wnnoea {[DeN) ‘exeyq ‘oer eyl
Od ‘dd ‘DAd  WAS “YILA-4LY uoneredss AIsusp  INeH Pue ‘e[ UBYS[ND
S/ 1 1od SqIN 9§ ‘dat ‘Adal ‘Bunios ensiA  ‘(?O%H %0¢) uonsadia ‘o)e[ IpuowuRyQq 1202 19ONq [991S  191BM 90BJING
(wm ¢9°0) Suraars ysoperdueq
nd ‘sd MLLA {(epuz) uoneredas ‘Teduag jo Aeg jo
i T 13d SdIN T000°0 ‘dd ‘dd ‘vd ‘unios [ensip AIsusp ‘0dM  [PUUEBYD [[EYYSIYON 1202 J9U [MEI} BJUBIN  19)eM 30BJING
(wr 00€)
uonen(y ‘(“rpuz)
uoneredas £suap
WaS-4d  ‘(“0H %0¢) uonsadip (w 00¢€)
T 1od SJIN 85°0 F £9°€¥ Sdd ‘vd ‘Lad RN NAY (Do 09) Burkip ysapejdueg 9AJIS [99)S-SSI[UTEIS B (107)
/9 018S°0 F €€°¥% ‘OAd ‘Sd ‘Ad ‘dd ‘3unaos [ensiA uano ‘(um gog) Suradls ‘1oA11 B3URLINg T20T U3IImM 3N [993S SSO[UTEIS  IdJeM 9DBJINS
(wm s3°0) uonen|y
(“0%H %0¢) uonsasip
ALLA ‘XAT-INAS ‘(D0 09) Sutkip ysope[dueq (11°0)
¥S T/SAN 0ST-LTT VD ‘LAd ‘S9V ‘DAd ‘3unios [ensip uaA0 {(ww g) Surasls ‘1oau1 eSuedung  payoads JoN sa[no0q dnseld 1918 M
1
12d SAN TL°0 F 9L'%T 03 (wri 1)
61°0 F 20°¢E :uoseas A1 uonenyy {(1oeN)
1 1ad XAA-IWAS uoneredas Arsuap
Apns SAN ¥%°0 F LSTT 0 YILI-ALY ‘0dm ‘(Do 02) Sutkrp ysape[sued (u 09) (1 001)
SIYL TT1°0 F £6°T :UOSEIS JI9M Sd ‘Ad ‘dd ‘3unios [ensiA uano ‘(w ) Suralg ‘1oa11 Seany, €70T JoU UOP[UB[d  193BM JDBJING
T 19d SdN (wr ')
V.81 F ¥8°FLE 01 GT°0 uonenyy {(10eN)
F 86°9¢ :uOSseas A1 XAF-INAS uoneredas Aisuap
Apmys  T19d SN 9%°0 T £0°6 O3 “ILI-4LV ‘0dM ‘(Do 02) Suthip ysopejdueg (wn og) (1 00T)
STYL 91°0 F £I°C :UOSE3s 3I9M sd ‘Ad ‘dd ‘3unios fensiA u240 ‘(um g) 3uradrs ‘19A11 B3URLINg €702 JoU UOP[UR[  I19)em d0BJINS
ERlIEREYE) souepunqy «bunoj sspnied  uonezialeIRYD urssanoid uoned0T own 1ordwes SO
Jo sad£y 10feN Zurdwes

J3)eM Ul SN JO uonezisideleyd pue ‘Buissadosd ‘Bundwes ‘eduepunge aanesedwod ¢ dqel

'80US217 PaNoduN '€ [ RJBWWODUON-UO NG LMY suowiwoD aaieas) e sopun pasusol|stapnesiyl |IIETEEL (o)

"INV €0:LT:TT G20Z/S/0T U0 papeojumod "GZ0z SguRites GT UO paus!iand @01y Ss900y usdO

Adv.

Environ. Sci.:

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5va00118h

View Article Online

Paper

Environmental Science: Advances

(w 0g) uoneny wnnoea
‘(1oeN) uoneredas Arsuap

3y 1od sdN £2°S uoAel MLLI-N “(?0%H %0¢) uonsagIp ysoperdueq 1oidures JULWIPas
9L F OPCT 03 €€°¢ F €€°€FT ‘vd ‘dd ‘Ldd ‘dd ‘3unuos [ensip “(Do 0F) Sulk1p uanQ ‘19AL1 A[[nyeUIRY] 020¢ qe1d ueun[y orqauag
dd-dd WAS “GLLI-4LV (ww ¢z9°0 ysope[dueq 1adderos
18 3 19d SAN 0TTT-0S ‘dd ‘nd ‘sd ‘ad ‘3unios [ensiA pue ‘sz'1 ‘s’z ‘G) uraals ‘Iezed sX0D 610C [991s-ssaqurels JUAWIPIS yoeag
(wrl 5) uoneny ‘(10eN)
uoneredas A1suap {(20°H
uoAex %0¢€) uonsagdIp ‘(wuw 5z9°0 ysope[dueq
‘Axoda YTV ‘dd MLLI-MLY pue ‘sz'T ‘ST ‘G) ulaals ‘pue[st 1odderds JUSWITPIS
08 33 12d sdAN 067-0¢ ‘sd ‘nd ‘dd ‘vd ‘3un0s [ensiA ‘(Do S0T) Surkip usaQ S.UnJEA JUTeS 6102 [9938-SSa[UTeIS [epniIaIul
(w ¢) uoneny
{(IoeN ““1puz) uoneredas
(8> 19d sdIN S9°0T T 89°89¢€) Asuap ‘Odm ‘(wu €°0) ysapejdueg
6L 3 19d sdN 8°82€-00T paoyg1oads J0N dunios [ensiA  3uIadls (Do 06) SUIAIP USAQ ‘rezeg S,X0D 610C aeipenb el JUSWIPaS Yoeaqg
(wm ©) uoneny
(IoeN ““1puz) uoneredas uoods e
MV ‘Ldd ALLA-YLY A1suap ‘Odm ‘(wu €°0) ysapejdueg pue 1901
8/ 3 1dsdn6'c FT'8 ‘Sd ‘DA ‘Ad ‘dd ‘unios [ensiA  3ulAdls {(Do 06) SUIAIP USAQ ‘rezeq S,X0D 610C [993s-SsaTuTelS JUSWIPIS Yoeag
(?1puz) uoneredas
VD ‘IAd MLLIMLY A1suap ‘Odm “utkip ysoperdueq dooos (3 1) usUIIpOaS
Ll 3 12d SAN ¥¥°'C F 76T ‘Nd ‘sd ‘dd ‘dd ‘3unios [ensiA uano ‘(um gog) Suraatsg ‘1oAl1 Jein, 20T [991s ssafurels MURQISATY
(wm pog) uoneny
WAS ‘(?1puz) uoneredas
3y 10d sdN 15°S Sdd ‘vd ‘1ad -4 “YI1LI-9LV Asuap (Do 09) Sulkip ysape[sueg dooos
L9 FL9CET 03 €S’ T F €€°4T  ‘DAd ‘Sd ‘dd ‘dd ‘3unos [ensip uaso ‘(wr gog) Suraatg ‘10A11 R3URSLING 120T [091s ssa[urers (3 00T) JUSWIPas
(wn sp70)
uonen[y ‘uonednyyuad
‘(1oeN) uoneredas Aisuap
VD ‘sd LA ‘XAA-NAS ‘(*O%H %0¢) uonsasdip ysope[dueg dooos (8 €) yuowrpas
S 3 10d sdIN 0£18-00SE ‘LA ‘SAV ‘AdAH ‘3umnios [ensiA “(Do 09) BulIp UAAQ ‘10AT1 B3URZLINGg pogroads JoN [993s ssa[urels PaqIaATy
(wri 2°1)
3 12d SAN STT F 0229 uoneny {([peN) uoneredas
0] OFT F 0EFHT ‘uoseas A1q Xad A1suap ‘(*0°H %0¢€)
Apnys 3 12d SdN 0€T F 0659 SINAS MLLI-MLY uonsagdip ‘(Do 02) Sulkip ysoperdueg [oA0UsS (8 007) YUDWIIPaS
SIYL 0} G F GGTT :UOSB3s 19M Sd ‘Ad ‘dd ¢3unios [ensiA UaA0 AE; N.S 3uradrs ‘10A11 3eIN], €20T [993s ssa[urels MUBQISATY
3 1ad (wr z'1)
SAIN SLTS F 0EEVET 0} uonen(y ‘{(1DeN) uoneredas
SETT F 09€ T :uoseas A1 Xad Ksuap (O°H %0¢)
Apmys 3 19d SN 009T F STTOT -NES YILLI-4LY uonsadip (Do 02) Sulkip ysapejdueg [Pa0ys (3 007) JULWIPas
SIYL 01 GSF F 0907 :UOSBIS 1M Sd ‘Ad ‘dd ‘3unios rensip uas0 ‘(w z'T) Sursarg ‘1oAl1 SuRdLIng €207 [991s Ssa[urels NUueqISATY
20U219J9Y souepUNqY «punoj sapnied  uonezLINOBIRYD Suissadoid Uuoned0T awn 1odures EERIRALC A
Jo sadfy 1oley Gurdures

JUSWIPaS Ul S JO uonezuaydeleyd pue ‘buissadold ‘bunduies

'80US217 PaNoduN '€ [ RJBWWODUON-UO NG LMY suowiwoD aaieas) e sopun pasusol|stapnesiyl |IIETEEL (o)

"INV €0:LT:TT G20Z/S/0T U0 papeojumod "GZ0z SguRites GT UO paus!iand @01y Ss900y usdO

‘aduepunge aAeiedwo) G aqel

© 2025 The Author(s). Published by the Royal Society of Chemistry

Adv.

Environ. Sci..


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5va00118h

Open Access Article. Published on 15 September 2025. Downloaded on 10/3/2025 11:17:03 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper
(5]
Q
=]
(]
St
£
[Ie}
~ ~ N
E
e
[}
a,
7]
A
= 2
g @ 5
=1 0 o
< o %)
Il &
5|9 =
8 > ™~
< © ©
>
G Vf U"
s2l €
SRS =Y <
Bg| & ©
2 -
53| & 5
= & - )
© < 2 A
S Al AR T~
)
.S - -
i=] o0 b 5
8| E =R
= =1 t'm*
gl 3 S E
5. EE
< =R ] S x
=) Z’E 2=
O > > <
E)
=I=1 T
.gm P
< "ONE‘
[ ) P
8% S£E
3.8 =
=5 =5 B
2 E 03 g
2l EE £%8
@ | T = 28 g
75} ~ 'U';B‘-~
Y| 86O 2 2% =
S| £ 5§ S
£l 2R SRR
S
o 5
58 _gE:2
S 5 'ﬁgg,cd @
el 45 .8 S2c%w .5
2] §EEEEC S g3
S ob 20 g Jg B
8| 556535228 % <
S c 0 g CRGC IR <
Al S oMM EANM
o0
£
=
g“u — -
SE| S 8
wv s N N
3
= o -
1]
— @ §§5
S| 88 Z g g
ol = = 2.
c o g @2 .2
g 'Eg -—4_‘;55‘05
S| & & 82T
b- -~
IS 5
N £
o | 3 =
1) 8 @ 2 o
@ g £ < B
Qo 1] =} C"E
© = 4
= = ©n M3

© 2025 The Author(s). Published by the Royal Society of Chemistry

View Article Online

Environmental Science: Advances

4 Conclusion

Microplastic pollution in urban rivers of Dhaka presents
serious ecological and public health threats, especially
considering the high population density of this city, inade-
quate waste management systems, and dependence on these
waterways for daily activities. Our research demonstrates
substantially greater MP contamination in the Buriganga river
compared to the Turag, with sediments serving as primary
accumulation zones (dry season maximum: 134 330 MPs per kg
sediment). The prevalence of fragments/fibers and PE/PP
polymers (75-96%) smaller than 300 pm directly indicates
fragmentation of packaging materials and textile industry
waste, while MPs carrying heavy metals (Cr, Cd, Pb) confirm
their function as pollutant transporters, highlighting the
necessity for polymer-specific risk evaluation frameworks.
Importantly, electrocoagulation (15 V) proves to be a practical
local remediation technique, removing over 99% of MPs within
150 minutes while reducing TDS and TSS levels. These
outcomes support environmental protection efforts by
focusing interventions on critical areas like Chandir Ghat for
specialized cleanup and regulation, confirming the viability of
electrocoagulation as an efficient municipal-scale treatment,
and guiding policy initiatives for prohibiting single-use plas-
tics near water bodies and enforcing textile waste recycling.
Key limitations must be recognized such as the 50 pm net pore
size underrepresented smaller particles below 50 um, resulting
in conservative abundance measurements; NaCl density
separation favored certain polymers, restricting recovery of
higher-density types like PET/PVC and impacting risk evalua-
tions; and electrocoagulation testing on combined particulates
leaves polymer-specific removal rates and long-term sludge
handling for future investigation. Additionally, multivariate
approaches like PCA should be applied in subsequent source
analysis to distinguish industrial versus municipal inputs.
Effective pollution control requires integrated measures, e.g.,
strict industrial effluent regulations, community-based dry-
season monitoring, and technology implementation such as
adding electrocoagulation to existing water treatment facili-
ties. Protecting rivers of Dhaka necessitates the immediate
application of these approaches with collaborative cross-sector
efforts to reduce plastic waste at its source.
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Data availability

The data supporting this article have been included as part of
the SI.

Supplementary information: Detailed quantification data of
microplastics (MPs) in water and sediment samples from the
Buriganga and Turag Rivers, including weight and particle
count concentrations. It also includes polymer type identifica-
tion, elemental composition analysis of MPs, results from
electrocoagulation (EC) treatment experiments (including
kinetics and a comparison with other studies), pollution load
indices, and supporting figures (e.g., FTIR spectra, SEM images,

EC setup). available. See DOIL: https://doi.org/10.1039/
d5va00118h.
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