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Abstract
Plastic pollution in an aquatic ecosystem may have detrimental effects on ecology and

aquatic species. Plastics produced on land often end up in aquatic ecosystems, such as
rivers, and a significant portion finally gets its way to the sea. The purpose of this study
was to quantify the amount of floating plastic debris in a certain river's surface water. A
framed pocket net sampler was used with dimensions of 1.5 x 0.7 x 2 meters which was
installed on the riverbank and operated one day once a month at four locations for 24
hours. The procedures that were carried out included sorting, counting, and weighing the
plastic debris, respectively. The total weight and items number of plastic debris was 7.580
kg and 515 items found within the study area respectively. In terms of mass composition,

Polyethylene Terephthalate (PET) made up 16%, High-Density Polyethylene (HDPE) 32%,
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Low-Density Polyethylene (LDPE) 25%, Expanded Polystyrene (EPS) 17%, Polystyrene
(PS) 10%, and other resins 0%. Conversely, in terms of items number, it was 10% PET, 25%
HDPE, 44% LDPE, 16% EPS, 4% PS, and other resins 1%. Both white and colored plastic
pieces, cork sheets, and plastic bags were all examples of the various types of plastics
found in a significant number within the study area. The findings from this study could
offer an initial evaluation of the abundance, items number, and characterization of the
polymer-type analysis of floating macroplastics (MaPs) in the Louhajang River based on
observations at different locations. Having precise information on plastic waste in rivers
is crucial for enhancing both global and local modelling approaches, thereby increasing

the effectiveness of strategies for prevention and collection.

Keywords Pollution, Ecosystem, Plastic debris, Macroplastics, Riverine, Louhajang

Introduction
In the contemporary world, plastic has become a prevalent and essential element of

human existence, permeating several aspects of daily life with its applications (Zhang et
al. 2020). Our current period has been dubbed the “Plastic Age” (Thompson et al. 2009).
Plastics originating from land-based sources are identified as a primary contributor from
the river to marine plastic pollution (Jambeck et al. 2015). It is widely believed that the
primary mode of transportation for these plastics to the ocean is through rivers (Lebreton
et al. 2017; Schmidt et al. 2017). According to recent data, research has shown that the
production of plastic amounted to approximately 5 million metric tons in 1960 (Europe
and EPRO 2019). The worldwide yearly production of plastic has experienced swift
growth in the following decades, reaching approximately 359 million tons by 2018
(Plastics Europe 2019). Projections indicate that by the year 2050, between 60% and 80%
of marine litter is composed of plastic and the mass of plastic in oceans is expected to
surpass the mass of fish (World Economic Forum 2016).

Plastic is an artificial substance that has several distinct characteristics, including
cost-effectiveness, strength, long-lastingness, and light-weightness (Li et al. 2019;
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Ogunola and Palanisami 2016). They are used in household and personal products,
garments, and product packaging. Plastics are used in so many ways that they pollute the
environment. Over 80% of ocean plastic comes from land, mainly from thrown-away
plastics, either intentionally or unintentionally and is finally carried by rivers into the sea
(Li et al. 2016). Some plastic items will either sink or become stranded in the river, while
others will ultimately reach the river mouth (Co zar et al. 2014; Kukulka et al. 2012; Ryan
2015). According to a recent study, a minimum of 50% of the collected plastics within the
Great Pacific Garbage Patch in the North Pacific Ocean originated from marine-based
sources (Lebreton et al. 2018). Plastic pollution became a problem when it gathered in
nature and improperly thrown-away plastics stayed there (Andrady 2003).

Plastic waste can be classified based on its size into macro (>2.5 cm), meso
(between 5 mm and <2.5 cm), micro (between 0.1 pum and <5 mm), and nano (<0.1 um)
categories (Barnes et al. 2009). Every single year, an estimated amount of plastic ranging

from 1.15 to 2.41 million tons will ultimately find its way into the ocean through rivers.

Over 74% of plastic emissions occur during the period from May to October due to heavy
rainfall at this time. However, it is worth noting that Asia's top 20 polluted rivers
contribute to 67% of global plastic pollution (Lebreton et al. 2017). Bangladesh's annual
plastic waste production amounts to 0.8 million tons (Waste concern 2019).
Macroplastics can break down into tiny particles called microplastics and end up
in the environment under specific conditions (Napper et al. 2015; Wagner et al. 2014). In
contrast to organic substances, the majority of traditional plastics do not undergo
biodegradation when exposed to the open atmosphere. They experience gradual
fragmentation into smaller elements through photochemical, physical, and biological
degradation processes (Miller 2020). The degradation of plastic spans from hundreds to
thousands of years (Barnes et al. 2009; Gallo et al. 2020). Bangladesh has become the first
nation to prohibit plastic bags, prompted by their obstruction of drains during a
significant flood event dating back to 2002 (Alimba and Faggio 2019). However, still

Bangladesh has not reduced its production and consumption.
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Plastic pollution poses serious risks to ecological systems, and human well-being
(Conchubhair et al. 2019; Derraik 2002; Rochman et al. 2015). Marine creatures such as
turtles, birds, and fish face significant risks of harm or mortality when they ingest or
become entangled in plastic debris (Gall and Thompson 2015; Wilcox et al. 2015). Some
plant species, like mangrove forest trees and the wildlife that accompanies them, are
adversely affected by plastic litter (Ivar do Sul et al. 2014; Martin et al. 2019). Plastic
pollution has also a detrimental effect on humans since it clogs urban drainage systems
and raises the risk of flooding (Njeru 2006; Windsor et al. 2019). Moreover, plastic
pollution leads to significant economic damages as it causes the ruin of vessels and fishing
equipment, adversely impacts the tourism sector, and necessitates higher efforts for
beach cleanup (Mcllgorm et al. 2011). Despite the rising in collection and recycling rates
over time, a significant portion, approximately 79%, of the total plastic produced has
ultimately been disposed of in landfills or has escaped into the natural environment
(Geyer et al. 2017).

Increasing rates of urbanization, economic expansion, and population growth all
contribute to the hastening of the accumulation of waste plastics (Blettler et al. 2018).
Plastic is harmful to the environment because it's everywhere and stays around for a long

time

(Carbery et al. 2018). Although plastic contamination in the ocean has received
significant attention, there has been comparatively less focus on freshwater habitats
(Blettler et al. 2018; Blettler and Wantzen 2019). But nowadays, Plastic pollution’s effects
on the environment are attracting global attention from researchers, policymakers,
businesses, and ordinary people (Sathish et al. 2020). Bangladesh boasts one of the most
expansive river systems globally, encompassing almost 700 rivers and canals, including
tributaries, with a combined estimated length of 24,140 km (Chowdhury 2012; Rahman
and Yunus 2016). Between 1950 and 2015, we generated 300 million tons of plastic. After
use, these plastics need to go somewhere. It is unfortunate that sometimes it finds its way
into a river and finally makes its way to the ocean (Bay of Bengal in our case) (Financial
Express 2019). In Bangladesh coastal areas, there are 70.9 million people, and each
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person generates 0.43 kg of waste daily, with 8% of that being plastic (Jambeck et al.
2015). In Bangladesh, the daily volume of plastic waste surpasses the monthly volume of
plastic waste generated by certain countries (Shimo 2015). However, no study has been
carried out so far addressing the abundance, distribution, and polymer composition of
plastics in riverine areas in Bangladesh. (Blettler et al. 2018).

The Louhajang River plays a significant role in the region's agriculture and local
economy. It is considered a major river in the region, contributing to the local irrigation
system and supporting the livelihood of communities. Rivers like Louhajang are vital for
the environment and the daily life of the people in rural Bangladesh. This study aims to
evaluate the presence of considerable plastic debris (macroplastics) in the Louhajang
River, located in Tangail, Bangladesh. The objectives of the study relate to the abundance
and item numbers of macroplastics, and to characterize the isolated macroplastics based

on the polymer type analyses.

Materials and Methods Site Description

Bangladesh is predominantly a country characterized by rivers located in a humid
lowlying alluvial region and experiencing a sub-tropical monsoon climate (MOFA 2016).
The study was carried out at the Tangail Municipality, Bangladesh. Geographically, its
coordinates are 24.2513°N latitude and 89.9167°E longitude (Islam et al. 2021). In
Tangail Sadar Upazilla, the soil has a sandy loam texture. The composition of the soil

includes vary-

ing percentages of sand (ranging from 36.8% to 64.43%), silt (ranging from 9.34% to
28.08%), and clay (ranging from 25.23% to 44.33%) (Rahman and Mian 2016). In Tangail
district, the temperature ranges from a maximum of 38.33°C to a minimum of 10.13°C and
the annual rainfall is 1830 mm (BBS 2013). Louhajang River is located at Tangail District
which is in the center of Bangladesh. It branches out from the Jamuna near Gabsain at
Bhuapur, Tangail District. The Louhajang River flows through Tangail, Karotia and Jamurki
etc. and joins the Bangsai River in the Dhaka district. The Louhajang River is hydraulically
linked to the Dhaleshwari River. The length of the Louhajang River is about 76 kilometres
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and its width is 40 meters; the riverbank spans an area that is 104 kilometres squared.
The average depth is 1 metre (3 ft.) and the maximum depth is metres (9ft.) (The Daily
Star 20017). The monthly observation and collection of riverine debris were conducted
at four sampling sites along the Louhajang River in Tangail district, specifically
Bhabanipur Patuli Para Bridge, College Road Bridge (Airport Road), and Dighulia Bridge,
Notunpara Road (Markaj masjid).

Table 1 Monitoring Location

Sampling Location GPS Coordinates
ID
St-1 Bhabanipur Patuli Para Bridge 24.237681N; 89.906011E
St-2 College Road Bridge (Airport Road) 24.234061N, 89.906400E
St-3 Dighulia Bridge 24.247942N; 89.903869E
St-4 Notunpara Road (Markaj masjid) 24.251780N, 89.909734E
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Fig. 1 Geographical location of the study area of the Louhajang River indicating sam-

pling points prepared by using ArcMap 10.3.1 software.
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Sampling Approach Visual counting for Site selection floating plastic debris

Observing floating plastic debris from bridges in rivers can provide valuable data on the
amount and types of debris in the water. An uncomplicated way to calculate plastic
movement is to visually count the plastic debris (Gonza lez and Hanke 2017; van Emmerik
et al. 2018) across the river's width at several points. Floating debris was observed from
the bridge and riverbank at each location. During the observation on the bridge, each
visible plastic piece was counted for 30 minutes. As a point of monitoring, this river was
divided into one or two sections so that the station was covered in one hour or less. The
observer noted the section that emitted the most plastic aiding in determining a suitable
section for installing the framed pocket net sampler. Each floating and seemingly
submerged plastic particle has been counted according to its size. The average size of the
plastic debris was estimated to be about 1 cm. If its composition could not be determined,

debris was not classified as plastic. Plastic debris counts have been done over time.

Sampler installed

A framed pocket net sampler is a type of sampling device used to collect plastic debris
from the water. Sampler installation involves installing a device that actively collects
plastic debris as water flows through it. This method is often used for larger plastic debris
and involves placing a screen or barrier in the water to intercept and collect the debris. A
study was conducted from September 2022 to February 2023 to collect plastic debris in
four different areas inside the main urban area of Tangail, Bangladesh. This study began
collecting plastics from the riverbank between the 1st and 10th day of each month,
operating for 24 hours once a month at four different locations. The trash was collected

using

the framed pocket net sampler. The plastic was gathered utilizing a pocket net sampler
with a frame. A frame pocket net as a sampler was created with dimension of 1.5 x 0.7 x 2
meters. The net’s mouth was framed with rectangular iron that was sized 1.5 x 0.7 m. A
mesh size of 0.2 centimeters was used for the net. When the net sampler was put up in
the water, buoys and ballast were used (where it's needed) to keep its frame straight. To
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facilitate the process of connecting the net sampler to the bridge or the pole on each
riverbank, a pair of ropes was attached to the net sampler. The net sampler was set up and
used for a full day once a month at each site, operating continuously for 24 hours in the

river (Fig. 2).

Fig. 2 Sampler installed (A), exposed to air (B), and weighed (C) individually procedure
for plastic debris.

Sample analysis Plastic dries under the sun and segregates

After having collected the plastic debris while it was still damp. They were exposed to air

at ambient temperature for several days in order to dry out. After that, they were sorted,

counted, and weighed by a digital scale individually in the laboratory before being

categorized according to size and type (Tramoy et al. 2019) (Fig. 2). The debris was

subsequently sorted in the laboratory in big plastic bags. The plastic was manually sorted

into seven categories: HDPE, LDPE, PVC, PET, PS, EPS, and other resins (Lippiatt etal. 2013;

Padgelwar et al. 2021; van Calcar and van Emmerik 2019).

Table 2 Categorized the plastic polymer composition based on their common use

Types of Characteristics Usage
plastic
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This product is widely
regarded as secure,
preventing the presence of
chemicals in food
substances. Currently, the
utilization of these materials
is on the rise due to their
lightweight,  exceptionally
robust, durable, weather-
resistant, and  impact-
resistant attributes.

Due to its resilience against
impact, moisture, and
chemicals, LDPE is
recognized as a secure and
health-friendly plastic. Given
its infrequent recycling, it is
advisable to consider
reusing or repurposing it
instead of discarding it after
a single use.

PVC is increasingly replacing
traditional building
materials in the production
of pipes,

tiles, and electronics parts,
owing to its versatile
characteristics, including
lightweight, durability, cost-
effectiveness, corrosion
resistance, and ease of
processing.

Trash bags, shopping bags,
containers of o0il, milk
conditioners, shampoos,
detergents, and soap.

Food wrap, sandwich bags,
Beverage bottles, and plastic
grocery bags.

Bottles, packaging,
containers, plumbing and
pipes and furniture
coverings.
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PET PET has become the rapidly Beverage bottles, clothing,
(Polyethylene expanding choice for food carpet, fiber, medicine, pots,
terephthalate) packaging due to its rope, sleeping bags, pillows,
distinctive  characteristics and transparent plastic
like  being  lightweight, bottles.
durable, tough, and having
resistance to grease, oil, and
heat.
PS A thermoplastic polymer, Rigid foam material, tea
(Polystyrene) finds extensive application in cups, plastic boxes and
the production of both solid cutlery, egg cartons and
plastic material and rigid packing foam.
foam material.
EPS Exhibits robust resistance to Yogurt containers, diapers,
(Expanded water, soap, detergent, acids, straws, sauce bottles, plastic
Polystyrene) and bases, thereby bottle caps, plastic rope, and
enhancing its strength and small net pieces.
durability.
Other res- Conventional recycling Cigarette filter, balloons.

practices due to their
distinctive properties.

ins

Source: Lippiatt et al. 2013; Padgelwar et al. 2021; van Calcar and van Emmerik 2019

Results and discussion Macroplastic dry mass and number of items in the surface
water

The mean value of macroplastics was 315.83 gm/day in terms of weight and the
maximum weight was 1,114.97 gm/day in December in St-4 and the minimum weight was
9.3 gm/day in January in St-1. In the surface water of Louhajang River, the result showed
that the average amount of macroplastics was found in St-4 which was 646 gm at the
Notunpara Rd (Markaj masjid) of Louhajang River and continuously reduced in St-3, St-1,
St-2, respectively. However, from the statistical analysis, a one-way ANOVA using Tukey

showed that the total weight of macroplastics was significantly differences among the
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surface water stations in the Louhajang River study area (F = 8.155, P = <0.05). While
Duncan? revealed that, there was a relationship between the stations in the study area of

the Louhajang River. The results indicated that there were no noteworthy distinctions

among St-1, St-2, and St-3 stations. The fluctuation of dry mass among St-1, St-2 and St-3
was slight, while figures stood significantly high enough as far as St-4 was concerned (Fig.
3).

The mean value of macroplastics was 21 items/day in terms of number of items
and the maximum items number was 63 item/day on December in St-4 and the minimum
items number was 2 item/day on February in St-2. The average number of macroplastics
was found in St-4 which was 40 items at the Notunpara Rd (Markaj masjid) in the
Louhajang River followed by St-3, St-1 and St-2, respectively. From the statistical analysis,
oneway ANOVA using Tukey showed that there were statistically considerable variations
in the items number (every piece of plastic counted separately) of macroplastics among
the stations in the Louhajang River (F = 10.421, P = <0.05). In contrast, Duncana revealed
that there was a relationship between the stations in the study area. The findings showed
that St-1 (a) and St-2 (a) had no substantial changes, similarly, St-3 (b) and St-4 (b) also
showed no changes in the items' number of macroplastic content. But there were
considerable variations in the item's number of macroplastics between St-1 (a), St-2 (a)
and St3 (b), St-4 (b) (Fig. 4).

In St-4, despite the overall trend of the station indicating the highest macroplastic
dry mass in December, January, and February. During December, January, and February,
which coincided with Bangladesh's dry season, the country experienced a period
characterized by reduced precipitation and distinct climatic conditions. Due to the
estimated slow water flows during a specific period, causing plastic debris to accumulate
in a confined area, the framed pocket net sampler proved particularly effective in

capturing most of the plastic debris.

According to Lebreton et al. 2017, this is because there are a lot of people living in
the area and not enough people taking care of waste management. Every day,

approximately 4,000 to 4,500 tons of solid waste are generated and over half of this waste
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is irresponsibly disposed of in low-lying areas or released into freshwater bodies (Arefin
and Mallik 2018). The country relies on rivers and the ecosystem services they offer, and
the diverse aquatic systems play a crucial role in shaping its way of life and culture
(Chowdhury 2012). Nevertheless, these aquatic ecosystems encounter severe pollution
and confront various threats. Among various forms of solid waste, mishandled plastic

stands out

as a significant pollutant, placing Bangladesh in the 10th position among the top 20
countries worldwide with high levels of mismanaged plastic waste (Kibria 2017).

The occurrence of plastic waste in freshwater ecosystems can be linked to
humanrelated factors, as the quantity of plastic in rivers is closely connected to population
density, urban expansion, wastewater management, and waste disposal methods (Best
2019; LI et al. 2016). Plastic waste gets into rivers either naturally, through processes like
wind (Bruge et al. 2018) and rain causing runoff, or through direct dumping (Bruge et al.

2018; Moore et al. 2011; Tramoy et al. 2019)

1500 Dry mass b
a
2 1000 a a
2
& 500 H H
0 ’_H_‘.'_' = r ..I:l.l:l'=.=|.|:|_|_.HHJ_||_||_l r l|_| '
St-1 St-2 St-3 St-4

Sampling stations
B September @ Octeber @ November @ December @ January @ February

Fig. 3 The discharge of plastic waste in the Louhajang River at four different locations by

weight.
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Fig. 4 The emission of plastic waste in the Louhajang River is measured based on the

number of items at four specific stations.

Comparing the results to previous studies and examining the present state of
macroplastic dry mass and items number in surface water

[t was difficult to make a direct comparison the amount of macroplastic dry mass and item
number found in this study and the findings of other studies because there was no globally
standardized method for monitoring. Nevertheless, the study able to compare the results
to those studies that utilized sampling methods and quantification units that are
comparable to the study. Table 3 provides a concise summary of the findings obtained
from research conducted on both macroplastic items and abundance found in surface
waters all over the world.

In terms of dry mass, 7 kg 573 gm or 315.58 gm/day of dry mass was found across
all the stations for the six-month observations. The findings of the study were lower than
those of the study on the Citarum River (Hariyadi et al. 2022); the Danube River in Austria
(Lechner et al. 2014), the Deli River in India (Hasibuan et al. 2022) and comparable
similar range in Hilo (Hawai'i) rivers in the USA (Carson et al. 2013).

In terms of items number, a total of 515 items of plastic pieces were found in this
study. The items number of macroplastics in surface water was higher than the study
those from the United Kingdom in the Cynon River (Williams and Simmons 1997) and
lower than the study of Thames River in the United Kingdom (Morritt et al. 2014), Seine
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River in France (Tramoy et al. 2019), Tiber river in Italy (Crosti et al. 2019), Klang river in
Malaysia (Geraeds et al. 2019), Seine in France (van Emmerik et al., 2019).

Table 3 Overview of macroplastics comparison with other parts of the world riverine
surface water in dry mass and the number of items

Study River Country  Monitoring Result
period
Variable Unit
Present study Louhajang  Bangladesh 6 months  Emission 7 kg 580
Amount gm or
315.83
gm/day
515 Items
Williams and Cynon United 3 months Amount 150-400
Simmons 1997 Kingdom items
Tramoy et al. 2019 Seine France 45 years Amount 20,259
items
Morritt et al.2014 United
Thames Kingdom 3 months Amount 8,490
items
Carson etal. 2013 Hilo United 205 days Emission 0.32
(Hawai'i) States kg/day
rivers
Crosti etal 2019 Tiber [taly 1 year Transport  10-130
items/h
Geraeds et al. Klang Malaysia 1 year Transport 1,500
2019 items/hr
van Emmerik et al. Seine France 2 weeks Transport 100-1,000
2019 items/h
Hariyadi et al. Citarum India 5months  Emission St-1:1130
2022 kg/hour
St-2,3: 0.5
kg/hour
Lechner et al. Danube Austria - - 1,533
2014 tonnes
Hasibuan et al. Deli India - - 19.25
2022 kg/hour
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Category of plastic debris

Both White and colour plastic pieces and plastic bags were the most common plastic types
found in large quantities at Bhabanipur Patuli Para Bridge (St-1) (Figure 5-a). In the
College Road bridge (St-2) contained the fewest number of plastic pieces’ items where
cork sheets were the most common plastic items (Figure 5-b). Due to the ample storage
capacity in this location, the availability of cork sheets was notably abundant. Dighulia
Bridge (St-3) was a fully residential area, and the building was under construction. Pieces
of white plastic were the most kind of plastic that was typically found in large numbers
(Figure 5-c). The sewage drain was connected to the river at Notunpara Road (St-4. Both
the white plastic and coloured plastic pieces were the most identical plastic items in

Notunpara Road (St-4) (Figure 5-d).
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Fig. 5 The variety of plastic debris observed in a Bhabanipur patuli para bridge (St-1); b
College Road Bridge (St-2); ¢ Dighulia Bridge (St-3); d Notunpara road (St-4) at each

month of observation.

The most common type of items was found plastic bags, followed by white plastic
pieces, colour plastic pieces, cork sheets (Fig. 5). Macroplastics category in Citarum River

were found in high numbers including clear plastic bags, sachets (plastic packaging),
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styrofoam, plastic bags, plastic with aluminium, toothpaste plastic, and caps of drinking
bottles (Hariyadi et al. 2022). Other studies of surface water (Seine River) as reported by
Morritt et al. (2014), food wrappers/containers and plastic cutlery; relatively few plastic

bags were observed due to recreational activities. The predominance of food wrap-

pers/containers and plastic cutlery is probably due to recreational activities, with direct
or indirect dumping into the Seine in addition to runoff. Plastic items, including pieces,
bags, sheets, bottles, and cover/ packaging, represented around 77% of the floating
macro-litter in Rhone River waters confirming the predominance of plastic pollution, in
agreement with the top items list identified by RIMMEL across Europe (Gonzalez
Fernandez et al. 2018).

The proportion of polymer composition based on dry mass and items number in the
quantitative distribution
Plastic debris in terms of mass composition, where PET made up 16% (1.25 kg), HDPE
32% (2.42 kg), LDPE 25% (1.9 kg), EPS 17% (1.26 kg), PS 10% (743 gm) and other resins
0% (1.33 gm). PS was the lowest amounts and other resins comprised the least dry mass
(only cigarette filters and balloons). HDPE was found in significantly higher amounts
percentage in Bhabanipur Patuli Para Bridge (St-1), Dighulia Bridge (St-3), and Notunpara
Rd (St-4), and the least amount of plastic debris was found in College Road Bridge (St-2).
(Fig. 6).

In terms of number of items, there was 10% (49) PET, 25% (128) HDPE, 44% (226)
LDPE, 16% (85) EPS, 4% (20) PS and Other resins 1% (7). LDPE and HDPE had the highest
numbers of items found in the study area. LDPE is commonly considered a secure and
beneficial plastic due to its notable durability against impact, moisture, and chemicals.
Because of its durability and flexibility, LDPE has gained popularity in manufacturing
various everyday items such as food wraps, beverage bottles, and plastic grocery bags.
Due to its infrequent recycling, it is advisable to repurpose or reuse LDPE instead of
discarding it after a single use (Padgelwar et al. 2021). HDPE is widely regarded as secure,
preventing the presence of chemicals in food substances. Currently, the utilization of these
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materials is on the rise due to their lightweight, exceptionally robust, durable, weather-

resistant, and impact-resistant attributes (Padgelwar et al. 2021).

(Fig. 7).

@PET
B HDPE
@LDPE
BEPS
@PS

@BPVC
B Other resins

Fig. 6 Polymer composition of macroplastics weight in the surface water across all sta-

tions

BPET
OHDPE

OLDPE

OEPS

aPs

apvcC

@ Other resins

14|

Fig. 7 Polymer composition of items number in the surface water across all stations
Comparing the proportion of plastic composition based on mass in the surface

water from this study and other investigations
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When compared with other study proportions of the world’s surface water, macroplastic

abundance in surface water in this study area was higher than those of the Ciliwung -

BKB-Angke (Lebreton et al. 2018), Rhine (Conchubhair et al. 2019) River and lower than
those of the Chao Praya - up (Morritt et al. 2014), Pesanggrahan (Schmidt et al. 2017),
Ciliwung - Haryono (Jambeck et al. 2015), Ciliwung - BKB-Grogol (Kukulka et al. 2012),
Saigon - Thu Thiem (Lebreton and Andrady 2019). The results from studies of

macroplastic items in surface water worldwide are summarized in fig. 8.

Compositon on plastic based on mass

Proportion of PlastiC Composition [%]

Present Study Chao Praya - Pesanggrahan Ciliwung-  Ciliwung -  Ciliwung -  Saigon - Thu Rhine
100% up Haryono BKB-Angke BKB-Grogol Thiem

80%
60%
40%
20% 0%
Names of River

@PET BPS BEPS mHDPE ®LDPE gOtherresins mPVC

Fig. 8 The composition of the plastic samples for locations in Thailand (Chao Phraya),

and the Netherlands (Rhine) in terms of mass.
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Comparing the proportion of plastic composition based on items number in the
surface water from this study and other investigations

The items number of macroplastics observed in surface water from this study was lower
than those from the Kuantan - main (Li et al. 2016), Pahang (Best 2019), Klang (Moore et
al. 2011), Rach Cai Khe (Ryan 2015), Cai Tho (Co zar et al. 2014), Seine - down (Blettler et
al. 2018), Seine - mid (Barboza et al. 2018), Seine - mid (Schwabl et al. 2019), Seine up
(Barnes et al. 2009). Our results suggested that the number of items in surface water from

the Louhajang River was comparable same range to those of surface water from the

Kuantan - tributary (Gonza lez and Hanke 2017), Thi Nghe (Baldwin et al. 2016).

Composition of plastic based on items number

100%
90%
80%
70%
60%

N B
40%
30% m

20%

10%

Present Kuantan Kuantan Pahang Klang Rach Can Tho Thi Scmc - Scmc Scmc Seine -
Study - - main Cai Khe Nghe down  mid mid up
tributary

Proportion of Plastic Composition [%]

Names of River

" PET ®™PS "EPS ™ HDPE m LDPE - Other resins m PVC

Fig. 9 The composition of the plastic samples for locations in Malaysia (Kuantan, Pahang,
and Klang), Thailand (Chao Phraya), France (Seine), and The Netherlands (Rhine)
in terms of plastic items.
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Conclusion

Transport of plastic waste by rivers is an important, albeit complicated, aspect of the global
plastic pollution issue. This study is among the first to provide complete information on
the amount and kind of floating plastic waste carried by rivers in urban areas by examining
floating debris at a wide regional scale utilizing a deployed framed pocket net sampler
method. The framed pocket net sampler was attached to a bridge or installed on riverbank
and operated one day once a month at each location for 24 hours. The amount of plastic
waste released into the Louhajang River remains notably high, surpassing 1,114.97
gm/day, particularly in the vicinity of Notunpara Rd (St-4). Although it was a limited

quantity, the coverage area was confined to a small extent. In this study, the dom-

inant macroplastics were white and colour plastic pieces, and plastic bottles found in all
station study areas. LDPE and HDPE were the leading polymers identified randomly in
surface water. Purchasing fresh produce and grocery items could be the major sources of
MaPs in the study area. This study suggested the implementation of the following
approaches to decrease the influx of debris into local river systems: (i) Construction of
structures like river booms, gross pollutant traps, and river bins helps reduce human-
made debris in waterways. (ii) Implementing initiatives against littering is a widely
accepted management approach and may prove more effective at various locations (iii)
Imposing more taxes and incentives refers to a strategy where governments use financial
measures to encourage or discourage certain behaviors related to waste management and
environmental protection. Governments can impose taxes on businesses or individuals
that contribute to plastic pollution, such as levies on plastic production, single-use plastic
items, or waste disposal. The idea is to make it more expensive to produce and use plastics,
thereby encouraging a shift towards more sustainable alternatives. On the other hand,

incentives involve financial rewards for positive environmental actions. For example,
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companies or communities that reduce plastic waste, recycle more, or adopt eco-friendly
practices could receive tax breaks, grants, or subsidies.

Net sampler methodd may miss smaller plastic particles, as it is typically designed to
capture larger debris. The effectiveness of the net can be affected by varying water flow
rates. The method may not capture plastics dispersed throughout the water column, as it
mainly targets surface or near-surface plastics, possibly underestimating the total plastic
load. Non-plastic debris, such as leaves or organic matter, can clog the net and reduce its
efficiency in collecting plastics. Hence, a potential remedy for minimizing litter in the area
involves directing focused efforts, initiatives, and educational resources towards local

shop owners and grocery consumers.
Acknowledgments

Sincere thanks to the Department of Environmental Science and Resource Management
(ESRM), Mawlana Bhashani Science and Technology University (MBSTU) for laboratory
supports. The assistance of staff at the Department of ESRM, MBSTU and the Research cell
of MBSTU is highly appreciated.

Funding
The author(s) received no specific funding for this work.

Declarations

The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

Conflict of interest

There is no conflict of interest regarding this manuscript.

Ethical Statement

Authors firmly abide by all ethical norms and follow the guidelines set by COPE.

References:

Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April- 2025 221SSN 3079-1995
DOI: https://doi.org/10.7910/DVN/DEZ8CA www jgkijournal.com



https://doi.org/10.7910/DVN/DEZ8CA

Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April-2025 ISSN
3079-1995

Alimba CG, Faggio C (2019) Microplastics in the marine environment: Current trends in
environmental pollution and mechanisms of toxicological profile. Environ Toxcol
Pharmacol 68:61-74

Andrady AL (2003) Plastics and the Environment. John Wiley & Sons

Arefin MA, Mallik A (2018) Sources and causes of water pollution in Bangladesh: A
technical overview. Bibechana 15:97-112
Baldwin AK, Corsi SR, Mason SA (2016) Plastic debris in 29 great lakes tributaries:
relations to watershed attributes and hydrology. Environ Sci Technol
50(19):1037710385
Barboza LGA,Vethaak AD, Lavorante BRO, Lundebye AK, Guilhermino L (2018) Marine
microplastic debris: an emerging issue for food security, food safety and human
health Mar Pollut Bull 133:336-348
Barnes DK, Galgani F, Thompson RC, Barlaz M (2009) Accumulation and fragmentation of
plastic debris in global environments. Philos. Trans R Soc Lond B Biol Sci
364(1526):1985-1998
BBS (Bangladesh Bureau of Statistics) (2013) District Statistics 2011 Tangail. Ministry of
Planning Government of People’s Republic of Bangladesh

Best] (2019) Anthropogenic stresses on the world’s big rivers. Nat Geosci 12(1):7-21

Blettler MC, Abrial E, Khan FR. Sivri N, Espinola LA (2018) Freshwater plastic pollution:
Recognizing research biases and identifying knowledge gaps. Water Res
143:416424

Blettler MC, Wantzen KM (2019) Threats underestimated in freshwater plastic pollution:
mini-review. Water Air Soil Pollut 230(7):174

Bruge A, Barreau C, Carlot ], Collin, Moreno C, Maison P (2018) Monitoring litter inputs
from the Adour River (Southwest France) to the marine environment. ] Mar Sci Eng
6(1):24

Carbery M, O'Connor W, Palanisami T (2018) Trophic transfer of microplastics and mixed

contaminants in the marine food web and implications for human health. Environ
Int 115:400-409

Carson HS, Lamson MR, Nakashima D, Toloumu D, Hafner J, Maximenko N, Mc Dermid K]
(2013) Tracking the sources and sinks of local marine debris in Hawai‘i. Mar
Environ Res 84:76-83

Chowdhury GW (2012) Development and use of biological measures to assess the quality
of lakes in Bangladesh. PhD thesis, University of Cambridge

Chowdhury GW, Koldewey H]J, Duncan E, Napper IE, Niloy MNH, Nelms, SE, Sarker S, Bhola
S, Nishat B (2021) Plastic pollution in aquatic systems in bangladesh: A review of
current knowledge. Sci Total Environ 761:143285

Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April- 2025 231SSN 3079-1995
DOI: https://doi.org/10.7910/DVN/DEZ8CA www jgkijournal.com



https://doi.org/10.7910/DVN/DEZ8CA

Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April-2025 ISSN
3079-1995

Conchubhair, DO , Fitzhenry D, Lusher A, King AL, van Emmerik T, Lebreton L,
RicaurteVillota C, Espinosa L, O'Rourke E (2019) Joint effort among research
infrastructures to quantify the impact of plastic debris in the ocean. Environ Res
Let 14(6):065001

Co zar A, Echevarri a F Gonza lez-Gordillo ]I, Irigoien X, U beda B, Herna ndez-Leo n S,

Duarte
CM (2014) Plastic debris in the open ocean. Proc Natl Acad Sci
111(28):1023910244

Crosti R, Arcangeli A, Campana I, Paraboschi M, Gonza lez-Ferna ndez D (2018) Down to
the river: Amount, composition, and economic sector of litter entering the marine
compartment, through the Tiber river in the Western Mediterranean Sea.
Rendiconti Lincei. Sci Fis Nat 29(4):859-866

Derraik JG (2002) The pollution of the marine environment by plastic debris: a review.
Mar Pollut Bull 44(9):842-852

Europe and EPRO 2019 Plastics - The Facts 2019: An Analysis of European Plastics
Production, Demand and Waste Data. PlasticsEurope, Brussels.

Financial Express TC (2019) Alarming plastic pollution of Bangladesh rivers.
https://thefinancialexpress.com.bd/views/alarming-plastic-pollution-of-
bangladesh rivers

Gall SC, Thompson RC (2015) The impact of debris on marine life. Mar Pollut Bull
92(12):170-179

Gallo F, Fossi C, Weber R, Santillo D, Sousa ], Ingram I et al (2020) Marine litter plastics
and microplastics and their toxic chemicals components: the need for urgent
preventive measures. Anal Nanoplast Microplast Food 159-179

Sarkar, Md Roman, Md Arman Hossain, and SM Sojib Ahamed. "Possible causes and

solutions of the traffic jam in dhaka, bangladesh." European Journal of Social
Sciences Studies 9.6 (2024).

Geraeds M, van Emmerik T, de Vries R, bin Ab Razak M (2019) Riverine plastic litter
monitoring using unmanned aerial vehicles (UAVs). Remote Sens 11:2045

Geyer R, Jambeck JR, Law KL (2017) Production, use, and fate of all plastics ever made. Sci
Adv 3(7):1700782

Gonza lez FD, Hanke, G (2017) Toward a harmonized approach for monitoring of riverine
floating macro litter inputs to the marine environment. Front Mar Sci 4:86

Gonza lez-Ferna ndez D, Hanke G (2017) Toward a harmonized approach for monitoring

of riverine floating macro litter inputs to the marine environment. Front Mar Sci
4:86

Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April- 2025 241SSN 3079-1995
DOI: https://doi.org/10.7910/DVN/DEZ8CA www jgkijournal.com



https://doi.org/10.7910/DVN/DEZ8CA

Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April-2025 ISSN
3079-1995

Hariyadi S, Wulandari DY, Zulmi R, Permatasari PA, Amalo LE, Nur IA, Olsen M (2022)
Plastic Debris in Citarum River. In IOP Conference Series: Earth Environ Sci
1062(1):012024

Hasibuan NH, Salsabila R, Perdana Z, Khair H, Husin A, Suryati I, Patumona S (2022)
Assessment of macro litter in Deli River Medan during pandemic COVID-19. IOP
Conf Ser Earth Environ Sci 977(1):012106

Islam A, Karmakar P, Hoque MM, Roy S, Hassan R (2021) Appraisal of public awareness
regarding plastic waste in the Tangail Municipality, Bangladesh. Int ] Environ Stud
78(6):900-913

Ivar do Sul ], Costa, MF, Silva-Cavalcanti ]S, Arau jo MCB (2014) Plastic debris retention
and exportation by a mangrove forest patch. Mar Pollut Bull 78(1-2):252-257

Jambeck |, Geyer R, Wilcox C, Siegler TR, Perryman M, Andrady A, Narayan R, Law KL
(2015) Plastic waste inputs from land into the ocean. Sci 347:3-6.
https://doi.org/10.1126/science 1260352

Kibria G (2017) Plastic waste, plastic pollution-a threat to all nations. Project Report

Kukulka T, Proskurowski G, More t-Ferguson S, Meyer DW, Law KL (2012) The effect of
wind mixing on the vertical distribution of buoyant plastic debris. Geophys Res
Lett 39(7)

Lebreton L, Slat B, Ferrari F, Sainte-Rose B, Aitken ], Marthouse R et al (2018) Evidence

that the Great Pacific Garbage Patch is rapidly accumulating plastic. Sci Rep 8(1):115

Lebreton L, Andrady A (2019). Future scenarios of global plastic waste generation and
disposal. Palgr Communi 5(1):1-11

Lebreton LC, Van Der Zwet |, Damsteeg JW, Slat B, Andrady A, Reisser ] (2017) River plastic
emissions to the world’s oceans. Nat Commun 8(1):15611

Lechner A, Keckeis H, Lumesberger-Loisl F, Zens B, Krusch R, Tritthart M, Glas M,
Schludermann E (2014) The Danube so colourful: a potpourri of plastic litter
outnumbers fish larvae in Europe’s second largest river. Environ Pollut 188:177-
181

Li J, Lusher AL, Rotchell JM, Deudero S, Turra A, Bra te ILN, Sun C, Hossain MS, Li,
Kolandhasamy P et al (2019) Using mussel as a global bioindicator of coastal
microplastic pollution. Environ Pollut 244:522-533

Sarkar, Md. Roman & Hossain, Md & Ahamed, S M Sojib. (2024). Possible Causes and
Solutions of the Traffic Jam in Dhaka. European Journal of Social Sciences Studies.
9.74.10.46827 /ejsss.v9i6.1690.

Li WC, Tse H, Fok L (2016) Plastic waste in the marine environment: A review of sources,
occurrence and effects. Sci Total Environ 566:333-349

Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April- 2025 25ISSN 3079-1995
DOI: https://doi.org/10.7910/DVN/DEZ8CA www jgkijournal.com



https://doi.org/10.7910/DVN/DEZ8CA
https://doi.org/10.1126/science
https://doi.org/10.1126/science

Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April-2025 ISSN
3079-1995

Lippiatt S, Opfer S, Arthur C (2013) Marine debris monitoring and assessment:
recommendations for monitoring debris trends in the marine environment.

Martin C, Almahasheer H, Duarte CM (2019) Mangrove forests as traps for marine litter.
Environmental Pollution. 247, 499-508

Mcllgorm A, Campbell HE Rule M] (2011) The economic cost and control of marine debris
damage in the asia-pacific region. Ocean Coast Manag 54(9):643-651

Miller SA (2020) Five misperceptions surrounding the environmental impacts of
singleuse plastic. Environ Sci Technol 54:14143-14151. doi:
10.1021/acs.est.0c05295

MOFA (2016) Press Statement of the Hon’ble Foreign Minister on the Verdict of the
Arbitral
Tribunal /PCA(Dhaka).https://mofa.gov.bd/site/view/serviceboxitems/PRESSRE
LEASES/Press— Release

Moore (], Lattin GL, Zellers AF (2011) Quantity and type of plastic debris flowing from
two urban rivers to coastal waters and beaches of Southern California. Rev Gest
Cost Integr | Integr Coast Zone Manag 11(1):65-73

Morritt D, Stefanoudis PV, Pearce D, Crimmen OA, Clark PF (2014) Plastic in the Thames:
a river runs through it. Mar Pollut Bull 78(1-2):196-200

Napper IE, Bakir A, Rowland S], Thompson RC (2015) Characterisation, quantity and
sorptive properties of microplastics extracted from cosmetics. Mar Poll Bull
99:178-185. https://doi.org/10.1016/j.marpolbul.2015.07.029.

Njeru] (2006) The urban political ecology of plastic bag waste problem in Nairobi, Kenya.
Geoforum 37(6):1046-1058

Ogunola OS, Palanisami T (2016). Microplastics in the marine environment: current status,
assessment methodologies, impacts and solutions. | Pollut Eff Cont 4(161):2

Padgelwar S, Nandan A, Mishra AK (2021) Plastic waste management and current
scenario in india: a review. Int | Environ Analyt Chem 101(13):1894-1906

Plastics Europe (2019) Plastics-The Facts 2019: An Analysis of European Plastics

Production, Demand and Waste Data.
https://www.plasticseurope.org/en/resources/publications/1804-plastics-
facts-2019

Rahman A, Yunus D (2016) Study on hydrodynamic response of Gorai River to dredging
using delft 3D. Proc 3rd Int Conf Adv Civ Eng 21-23

Rahman M, Mian M (2016) Effect of Soil Physico-chemical Properties on Agriculture: A

Study in Tangail District, Bangladesh. ] Agric Ecol Res Int 5(2):1-9.
https://doi.org/10.9734 /jaeri/2016/21565

Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April- 2025 26ISSN 3079-1995
DOI: https://doi.org/10.7910/DVN/DEZ8CA www jgkijournal.com



https://doi.org/10.7910/DVN/DEZ8CA
https://doi.org/10.1016/j.marpolbul.2015.07.029
https://doi.org/10.1016/j.marpolbul.2015.07.029

Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April-2025 ISSN
3079-1995

Rochman CM, Tahir A, Williams SL, Baxa DV, Lam R, Miller JT, Teh FC, Werorilangi S, Teh S]
(2015) Anthropogenic debris in seafood: Plastic debris and fibers from textiles in
fish and bivalves sold for human consumption. Sci Rep 5(1):1-10

Ryan PG (2015) Does size and buoyancy affect the long-distance transport of floating
debris? Environ Res Lett 10(8):084019

Sathish MN, I Jeyasanta, ] Patterson (2020) Microplastics in salt of Tuticorin, Southeast
coast of India. Arch Environ Contam Toxicol 79:111-121. doi:10.1007 /s00244020-
00731-0

Schmidt C, Krauth T, Wagner S (2017) Export of plastic debris by rivers into the sea.
Environ Sci Technol 51:12246-12253

Schwabl P, Ko ppel S, Ko nigshofer P, Bucsics T, Trauner M, Reiberger T, Liebmann B (2019)

Detection of various microplastics in human stool: a prospective case series Ann
Intern Med 171(7): 453-457

Shimo MHU (2015) Plastic Recycling in Bangladesh, What needs to be done?

The Daily Star (2007) No step yet to free Louhajang, Bairan rivers from grabbers.
https://archive.thedailystarnet/2007/04/23/d70423070395.htm.  Accessed April
23,2007

Thompson, RC, Swan SH, Moore CJ], Vom Saal FS (2009) Our plastic age. Philosophical
Transactions of the Royal Society B: Biological Sciences. 364(1526), 1973-1976

Tramoy R, Gasperi |, Dris R, Colasse L, Fisson C, Sananes S, Rocher V, Tassin B (2019)
Assessment of the plastic inputs from the seine basin to the sea using statistical and
field approaches. Front Mar Sci 6:151

van Calcar CV, van Emmerik TV (2019) Abundance of plastic debris across european and
asian rivers. Environ Res Lett 14(12):124051

Van Emmerik T, Tramoy R, van Calcar C, Alligant S, Treilles R, Tassin B, & Gasperi] (2019)
Seine Plastic Debris Transport Tenfolded During Increased River Discharge. Front
Mar Sci 6. https://doi.org/10.3389/fmars.2019.00642 van Emmerik T, Kieu-Le TC,
Loozen M, van Oeveren K, Strady E, Bui XT, Egger M, Gasperi ], Lebreton L, Nguyen PD,
Schwarz A, Slat B, Tassin B (2018) A methodology to characterize riverine macroplastic
emission into the ocean. Front Mar Sci 5:372

Wagner M, Scherer C, Alvarez-Mun oz D, Brennholt N, Bourrain X, Buchinger S, Fries E et
al (2014) Microplastics in freshwater ecosystems: what we know and what we
need to know. Environ Sci Eur 26:1-9. https://doi.org/10.1186/s12302-0140012-
7

Waste Concern (2019) National Workshop on Sustainable Management of Plastic to
Leverage Circular Economy and Achieve SDG in Bangladesh.
https://wasteconcern.org/national-workshop-on- sustainable-management-of-
plastic-63 to-leverage-circular-economyand-achieve-sdg-in-bangladesh/

Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April- 2025 271SSN 3079-1995
DOI: https://doi.org/10.7910/DVN/DEZ8CA www jgkijournal.com



https://doi.org/10.7910/DVN/DEZ8CA
https://archive.thedailystar.net/2007/04/23/d70423070395.htm
https://archive.thedailystar.net/2007/04/23/d70423070395.htm
https://doi.org/10.3389/fmars.2019.00642
https://doi.org/10.3389/fmars.2019.00642

Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April-2025 ISSN
3079-1995

Wilcox C, Heathcote G, Goldberg ], Gunn R, Peel D, Hardesty BD (2015) Understanding the
sources and effects of abandoned, lost, and discarded fishing gear on marine
turtles in northern Australia. Conserv Biol 29(1):198-206

Williams AT, Simmons SL (1997) Movement patterns of riverine litter. Water Air Soil
Pollut 98(1-2):119-139

Windsor FM, Durance I, Horton AA, Thompson RC, Tyler CR, Ormerod SJ (2019) A
catchment-scale perspective of plastic pollution. Glob Change Biol 25(4):1207-
1221

World Economic Forum (2016) The New Plastics Economy - Rethinking the Future of
Plastics. Ellen MacArthur Foundation and McKinsey & Company

Zhang D, Liu X, Huang W, Li ], Wang C, Zhang D, Zhang C (2020) Microplastic pollution in
deep-sea sediments and organisms of the western Pacific Ocean. Environ Pollut

259:113948
Received: 23 January2025 Published: 24 April 2025
Journal of Global Knowledge and Innovation (JGKI), Volume 5, Issue 1, April- 2025 28ISSN 3079-1995

DOI: https://doi.org/10.7910/DVN/DEZ8CA www jgkijournal.com



https://doi.org/10.7910/DVN/DEZ8CA

