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Abstract 

Microplastics (MPs) emerged as global contaminants of concern for their widespread occurrence in aquatic systems, which 

are mainly produced from the degradation of larger plastics and various industrial activities, posing notable threats to 

marine ecosystems. Since research on pollution for the abundance of MPs in coastal and estuarine areas of Bangladesh 

remains limited, this study examined MP contamination in surface water collected from ten stations of the Karnaphuli 

estuary (KE) during February 2023. The presence of MPs was assessed in terms of distributions, abundances, and potential 

risks through National Oceanic and Atmospheric Administration procedures. Results showed a considerable presence of 

MPs, dominated by fibers (86 %), followed by fragments (8 %) and foam (6 %). In terms of color, black and transparent 

MPs were most common, while green MPs were least observed, as well as particle size of MPs with a size smaller than 1 

mm was more frequent. Attenuated Total Reflectance Fourier Transform Infrared spectroscopy characterization confirmed 

the presence of polymers, including ethylene vinyl acetate, nylon, polystyrene, acrylonitrile butadiene styrene, acrylic, and 

polyethylene as MPs. Risk evaluation through Contamination Factor (CF), Pollution Load Index (PLI), Polymer Hazard 

Index (PHI), and Potential Risk Index (PRI) revealed moderate to very high risks across the stations. All PLI values 

exceeded 1.0, confirming significant pollution; however, PHI values indicated a moderate hazard but were skewed by 

high-risk stations. Additionally, PRI values also varied widely, with most stations showing considerable risk, which 

corresponds to the sources including industrial effluents, agricultural runoff, and urban wastes, confirmed by Land Use and 

Land Cover analysis. Thus, the results of this study highlight the urgent need for effective pollution control based on long-

term monitoring of MPs in the KE. 

Keywords:  Microplastics, Attenuated Total Reflectance Fourier Transform Infrared spectroscopy, Pollution Load Index, 

Polymeric Hazard Index, Potential Risk Index, Contamination Factor

I. Introduction 

A significant worldwide environmental concern that is 

endangering aquatic ecosystems, biodiversity, and human 

health is microplastic (MP) pollution. Fragmentation of 

bigger plastics, synthetic textiles, and household care items 

is considered to be the source of these tiny plastic particles, 

which are usually less than 5 mm in size
1,2

. A number of 

reports
3,4,5,6

 indicate that MPs can be found from the arctic 

to the deep oceans, demonstrating their worrying durability 

and abundance in freshwater as well as marine systems. 

Their ecological and toxicological significances are 

highlighted by their capacity to adsorb and transport 

dangerous contaminants, as well as when aquatic organisms 

consume them
7
. Human health and marine biodiversity are 

at risk due to MP contamination, which is acknowledged as 

a complicated and transboundary environmental problem of 

the 21
st
 century

8
. Early in the 1970s, reports of these tiny 

plastic particles with ˂ 5 mm in the ocean were made
9
; 

almost 13.2 % of the mass and 92.4 % of the total number 

of plastic particles worldwide were MPs, making them a 

major contributor to marine plastic debris
10

. Due to 

improper disposal of trash, 70-90 % of operations on land 

and 10-25 % of activities at sea are responsible for marine 

and coastal plastic contamination
10

. MPs originate from 

land-based sources: personal care goods, textiles, 

agriculture, packaging, building, tourism, and ship 

dismantling, along with sea-based sources; fisheries, 

aquaculture, offshore industries, and marine tourism
8,11,12

, 

posing threats to marine life through ingestion, reproductive 

harm, and mortality, while also affecting industries: fishing 

and tourism. Human exposure has been linked to 

respiratory, digestive, and metabolic disorders
13

. Seasonal 

variation in MP abundance has been documented, with 

higher concentrations often observed during the wet 

season
14

. Furthermore, a positive correlation between the 

Basin Development Index and MP levels indicates that land 

use, especially construction activities, plays a key role in 

driving contamination
13

. Thus, research on the scope, 

sources, and impacts of MP contamination in aquatic 

ecosystems is urgently needed worldwide.  

Bangladesh is particularly vulnerable to plastic and MP 

pollution due to its extensive river networks and proximity 
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to the Bay of Bengal (BoB). Rapid population growth, 

urbanization, and inadequate waste management 

infrastructure further exacerbate the problem
8,11,14,20

. MPs 

have already been detected in major rivers such as the 

Buriganga and Padma, raising serious environmental and 

health concerns
15

. However, estuarine systems remain 

under studied, despite their critical role as transitional zones 

between freshwater and marine habitats. As a key 

ecological and economic hub, the Karnaphuli estuary (KE) 

supports diverse aquatic species, sustains fisheries-based 

livelihoods, and receives substantial inputs of industrial, 

agricultural, and urban wastes. Thus, assessment of MP 

contamination in the surface water of the KE is essential to 

understand risks and inform management strategies. 

While preliminary studies indicate a notable abundance of 

MP pollution, detailed insights into their types, sources, and 

ecological impacts remain constrained
15

. This study 

addresses that gap by providing a comprehensive evaluation 

of MP contamination in the surface water of the KE. 

Through the quantification and characterization of MPs in 

surface water, the research uncovers the extent and 

diversity of this pollution. It further examines the potential 

sources of MPs, highlighting the role of human activities 

and environmental processes in driving contamination 

within the estuary. Ultimately, this study assesses the 

ecological and toxicological risks of MPs by analyzing 

spatial distribution and several indices, including 

Contamination Factor (CF), Pollution Load Index (PLI), 

Polymer Hazard Index (PHI), and Potential Risk Index 

(PRI). The findings are expected to offer critical insights 

into their impacts on aquatic ecosystems and establish a 

foundation for targeted mitigation measures. By focusing 

on this estuarine hotspot, an area heavily influenced by 

human activities and applying advanced analytical 

techniques, the research provides evidence to guide 

policymakers and support the development of effective 

strategies for addressing plastic pollution across South Asia. 

II. Materials and Methods 

Sampling of Surface Water 

The Karnaphuli River (KR), the principal body of water in 

the Chattogram vicinity, originates in the Northeastern  

Mizo Hills of India and flows approximately 270 km south 

and Southeast until flowing into the Bay of Bengal (BoB), 

19 km below the city of Chattogram. The investigation was 

conducted in surface water of the KE, collected from 10 

stations during February 2023, located between latitude 

22°18'60'' N and 22°12'32'' N, and longitude 91°48'51'' E 

and 91°48'11'' E (Fig. 1) at ~1.5 km intervals, using a water 

sampler, and determined using a Global Positioning System 

(GPS). 

 

 
Fig. 1.  Geographical coordinates of all the stations of surface water in the KE. Satellite view of Bangladesh and the KE with its adjacent 

neighbours (left) and stations of collected surface water around the KE (right). Stations are marked numerically, maintaining their 

sampling time, and stations are colored in blue. 
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Separation of Microplastics from Surface Water 

MPs were extracted from 20 sieved surface water (0.3 mm 

mesh) following National Oceanic and Atmospheric 

Administration (NOAA) protocols
16

. Each surface water 

sample was transferred to a 100 mL glass beaker, treated 

with 20 mL of 0.05 M Fe (II) solution and 20 mL of 30 % 

H2O2, and allowed to react for 5 min. at room temperature. 

The mixture was then heated to 75 °C until bubbling 

occurred, after which it was cooled in a fume hood. For 

density separation, a 5.0 M NaCl solution was prepared by 

heating to dissolve the salts and subsequently added to the 

surface water in a separatory funnel. After 24 hrs of 

settling, the supernatant was filtered using a vacuum pump 

with 0.45 µm Whatman filters. Retained particles on filters 

were examined under a microscope for visual identification 

of MP. 

Identification, Estimation, and Characterization of 

Microplastics 

With magnifications ranging from 10x to 100x a dissecting 

light stereomicroscope (Optika Digital Microscope with 

Camera & Tablet, Model: B-290TB microscope) was used 

to identify, count, and take pictures of every MP extracted 

from the collected surface water of the KE. Based on shape, 

MPs were classified as fiber, fragments, and foams after 

being examined for color and size. With variation in 

lengths, they were further divided into five classes: < 1 mm, 

1.0-2.0 mm, 2.1-3.0 mm, 3.1-4.0 mm, and 4.1-5.0 mm. A μ-

Fourier Transform Infrared Spectrometer (μ-FTIR) (Perkin-

Elmer instruments, STA) with Attenuated Total Refletance 

(ATR) was used to identify various polymers as MPs with a 

wavenumber range of 500-4000 cm
-1

 at room temperature 

(300 K). 

Quality Control 

All sampling instruments and filter meshes were thoroughly 

rinsed with deionized water (DI) before use to minimize 

contamination. During collection, surface water was 

immediately covered and placed in sealed airtight bottles 

for safe transport. In the laboratory, non-plastic attire, 

including lab coats, gloves, and head covers, was worn at 

all times. Workspace was carefully cleaned prior to 

analyses, and all analytical instruments were cleaned and 

covered before and after use. To assess potential air 

contamination, a laboratory blank test was conducted using 

500 mL of DI water treated in the same manner as field 

samples. No plastic particles were detected on the blank 

filters, indicating that contamination from laboratory air, 

containers, or sample processing was negligible
17,18

. 

Risk Assessment 

PLI is an integrated approach to determine the overall level 

of contamination in an environment, typically for heavy 

metals, but also applied to MPs in recent studies. It is 

calculated using CF for individual pollutants to provide a 

single value representing the cumulative impact of 

pollution
19

. Risk category for CF is classified as: < 1 (low), 

1-3 (moderate), 3-6 (considerable), ≥ 6 (very high), or 

contamination. However, PLI is categorized into two 

classes, PLI < 1 and PLI > 1, indicating no contamination 

and contamination, respectively
19,20,21

. PHI is a metric used 

to evaluate the potential ecological harm caused by a 

specific type of MP based on its intrinsic chemical 

toxicity
22

, classified as risk category: I (< 10), II (10-100), 

III (101-1000), IV (1001-10,000), and V (> 10,000).  

However, hazard score for HD/LD-polyethylene (PE) = 11, 

polystyrene (PS) = 30, nylon = 47, acrylonitrile butadiene 

styrene (ABS) = 6552, ethylene vinyl acetate (EVA) = 22, 

and acrylic (PMMA) = 1021
21

, while other polymers were 

not available during the study period. Additionally, PRI is a 

more comprehensive assessment tool that incorporates the 

PHI to provide an overall risk score for an entire site or 

ecosystem
20

. This is classified as: < 150 (low), 150-300 

(medium), 300-600 (considerable), 600-1200 (high), and > 

1200 (very high)
20

. 

Land Use and Land Cover Pattern 

By integrating the ESA World Cover 10 m product
30

 with 

monthly VIIRS Day/Night Band (DNB) radiance 

composites, a high-resolution, functionally detailed Land 

Use and Land Cover (LULC) map can be generated. While 

traditional land cover models frequently struggle to 

distinguish between different types of urban density, night 

time data can be used to divide the landscape into eight 

categories: vegetation, water body, bare soil, suburban, 

mixed built-up, commercial built-up, high commercial 

built-up, and residential area. A more advanced feature of 

this approach includes exploiting high-radiance light 

signatures as a main signal for logistics hubs, allowing to 

properly separation and detection of extensive port 

operations and airport activities that are often concealed in 

standard optical images. The resulting categorization is a 

steady, accurate depiction of functional urban pattern of the 

region by carefully monitoring cloud-free coverage. 

III. Results and Discussion 

Visual Identification of Microplastics 

Presence of MPs in the collected surface water was 

identified through length, color, and shape using the above-

mentioned microscope (Fig. 2). Average lengths of MPs 

were recorded as 0.78, 0.88, 1.23, 0.93, 0.97, 0.92, 1.39, 

0.86, and 0.94 mm in stations 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10, 

respectively, with 65 % of the MPs measuring ˂ 1 mm
23

. 
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Fig. 2. Microscopic images of obtained MPs with different shapes and colors in surface water of the KE: (a) fiber in red color; (b) fragment 

in blue color; and (c) foam in black color. 

Five colors of MPs were observed under microscopic 

examination: black (39 %), green (3 %), red (18 %), blue 

(18 %), and transparent (22 %). Among the three shapes of 

MPs observed, fibers were dominant, accounting for 86 % 

of the total MPs (Fig.3).  

 

   

Fig. 3. Total percentage of observed MPs with (a) size, (b) color, and (c) shapes in the collected surface water of the KE. 

 

Confirmation of Polymers as Microplastics 

Different types of polymers were observed as MPs using 

ATR-FTIR analyses, including EVA, nylon, PS, ABS, 

PMMA, and PE
21,22

, with specific bands in different 

wavenumbers for each type of polymer (Fig. 4), and the 

characteristic spectroscopic bands are listed in Table 1 to 

determine the polymer types in the collected surface water 

from the KE. 

 

   

   
Fig. 4. ATR-FTIR spectrum of extracted MPs in surface water of the KE, characterized as (a) Nylon, (b) PE (c) EVA (d) Acrylic (e) 

PS and (f) ABS 

(a) (b) (c) 
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Table 1. Characterized polymers as MPs in the collected surface water through reference spectroscopic bands of 

FTIR analysis 

Name of 

Polymer 

Respective 

Band (cm
-1

) 
Respective Chemical Composition

26, 27, 28, 29
 

Structure 

Nylon 
771; 1248; 1626; 

2922; 3534 

-NH bending, C=O bending; CH2 bending; 

C=O stretching; CH stretching; N-H stretching 

 

PE 
695; 909; 1463; 

2848; 2916 

CH2 rocking; CH2 rocking; CH2 bending; C-H 

stretching; C-H stretching 

 

 

EVA 
779; 997; 2848; 

2924 

CH2 rocking; C-O stretching; C-H stretching; 

C-H stretching 

 

Acrylic 

 

795; 910; 1245; 

1332; 1435; 

1631; 2957; 

3459 

CH2 rocking, C=O bending; C-H bending; C-O 

stretching; CH2 bending; CH2 bending; C=O 

stretching; C-H stretching; C-H stretching 

 

PS 

 

691; 1166; 1419; 

1639 

Aromatic CH out-of-plane bending; Aromatic 

CH bending; CH2 bending; Aromatic ring 

stretch 

 

ABS 
695; 1166; 1419; 

1639 

=CH bending; =C-H bending; Aromatic CH 

bending; CH2 bending; Aromatic ring 

stretching 

 
 

Percent Distribution of Length, Color, and Shape of 

Microplastics 

Across all stations, MPs (< 1 mm) were the most dominant 

size fraction, contributing between 42 % (St.7) and over 83 

% (St.1) of total MPs. 1-2 mm category was the 2
nd

 most 

common, with notable shares at St.3 (41 %), St.6 (43 %), 

and St.7 (42 %). Larger particles ( > 2 mm) were 

comparatively rare, generally accounting for < 10  % at 

most stations, with occasional peaks such as 10 % at St.10. 

Overall, results indicate a strong dominance of small-sized 

MPs (< 1 mm), suggesting extensive fragmentation and 

higher potential bioavailability in the KE (Fig.5 (a)). In 

addition, black-colored MPs were the most dominant across 

most stations, ranging from about 23 % (St. 1) to over 55 % 

(St.4 and St.5). Transparent color was also abundant, 

particularly at St.3 (37 %), St.9 (36 %), and St.10 (38 %). 

Blue MPs showed notable contributions at St.1 (35 %), St.7 

(30 %), and St.9 (27 %), while red MPs were highly 

concentrated at St.2 (22 %), St.3 (37 %), and St.8 (28 %), 

since they were absent in several stations. Green MPs were 

consistently the least common, rarely exceeding 5 %, 

except for St.6 (29 %). Overall, the results indicate a strong 

prevalence of black MPs across stations, with transparent 

and blue also widespread, while green remains negligible 

(Fig.5 (b)). 

Spatial Distribution of Microplastics in the Karnaphuli 

Estuary 

Concentration of Microplastics 

Spatial distribution of MPs in surface water of the KE 

showed clear variations in concentration and shape across 

the sampling stations (Fig. 6). Elevated abundances were 

observed downstream
20

, likely due to industrial and urban 

wastewater, agricultural runoff, and untreated sewage, 

amplified by higher population density and larger 

catchment areas. The highest abundance of MP was 

recorded at St.8 (102 items/L), St.2 (80 items/L), and St.4 

(71 items/L), marking these as major hotspots influenced by 

dense human and industrial activity. Moderate 

concentrations appeared at St. 10 (59 items/L), St.7 (43 

items/L), and St.3 (32 items/L), while lower levels were 

found at St.5 (25 items/L) and St.1 (18 items/L). The least 

contaminated stations were St.9 (11 items/L) and St.6 (7 
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items/L), highlighting the uneven distribution of MPs 

across the KE
23

. Overall, the abundance of obtained MPs 

followed a descending order of St.8 > St.2 > St.4 > St.10 > 

St.7 > St.3 > St.5 > St.1 > St.9 > St.6 in the surface water of 

the KE (Fig.6 (a)). 

 

  

 

Fig. 5. Average (a) length and (b) color distribution of MPs in the collected surface water of the KE. 

          

Fig. 6. Spatial distribution of (a) concentration and (b) shapes of MPs in surface water of the KE.

Shapes of Microplastics 

In terms of shapes, samples collected from all stations were 

dominated with fibers, comprising the majority of MPs 

(Fig.6 (b)), where the highest abundance of fiber were 

observed at St.8 (91 items/L), St.2 (72 items/L), and St.10 

(58 items/L), as well as St.6 (5 items/L) and St.9 (9 

items/L) had the lowest quantity. Fragments were present 

in smaller quantities, peaking at St.4 (10 items/L) and St.3 

(5 items/L), while foam was the least common, appearing 

mainly at St.4 (14 items/L), St.2 (4 items/L), and St.8 (3 

items/L), and was absent at several stations. These patterns 

indicate that fibers were the primary type of MP throughout 

the KE, while foam was highly localized, suggesting 

different sources and transport pathways. Results 

emphasize that MP pollution was concentrated near densely 

populated and industrially active areas, highlighting the 

influence of anthropogenic activities on estuarine 

contamination
20, 25

. 

(a) 

(a) 

(b) 
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Evaluation of Microplastics Contamination 

Contamination Factor and Pollution Load Index 

Calculated CF of MP indicated that all sampling locations 

in the KE had “moderate” to “very high” contamination. 

Overall, the pollution status of the KE was considerably 

polluted with MPs (3 ≤ CF < 6) (Fig.7). However, CF 

followed the decreasing sequence of contamination: St.8 > 

St.2 > St.4 > St.10 > St.7 > St.3 > St.5 > St.1 > St.9. MP 

contamination in surface water is undesirable because it can 

accumulate in fish and other species, having negative 

impacts
20

. However, the overall PLI was 4.74 (> 1), 

indicating MPs pollution for all surface water in the KE. 

 

 

Fig. 7. Level of contamination based on the abundance of MP in the surface water of the KE.

Polymer Hazard Index 

PHI values for the ten stations and their average reveal 

significant variations in potential hazard levels were shown 

in Fig.8. A few stations (St.1, St.6, and St.9) showed 

category III hazard levels, most notably St.6. However, St.1 

and St.9 also had HI values that place them in the high 

hazard category II. In contrast, St.8 recorded the lowest HI 

value, falling below the category I threshold, suggesting a 

very low hazard. Remaining stations (St.2, St.3, St.4, St.5, 

St.7, and St.10) had HI values that place them in a moderate 

hazard range (category II)
20

. Average HI value was 41.84 

(moderate range), heavily skewed by the exceptionally high 

values from a few stations, particularly St.6. Possible 

reasons for this variation could include proximity to 

pollution sources like industrial sites or heavy traffic, local 

environmental factors that trap pollutants, or even differing 

meteorological conditions that influence pollutant 

dispersion
14

. 

 

 

 

Fig. 8. Polymer hazard scenario of estimated MPs found in the surface water of the KE. 

Potential Risk Index 

Fig.9 indicates a wide range of contamination across the 10 

stations for PRI, and the majority of stations (St.1, St.2, 

St.5, St.6, St.7, St.9, and St.10) were in the marginal to 

considerable risk category, while St.3 was at a “medium 

risk” level. St.4 was a significant outlier, suggesting a major 
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localized pollution source
14

. In contrast, St.8 showed a near-

zero value of PRI, indicating minimal contamination. 

Average PRI of the KE, at ~180, falls into the “medium 

risk” category, may be of industrial discharge, as suggested 

by the extreme value at St.4; agricultural runoff from 

fertilizers and pesticides; and untreated urban wastewater. 

The difference between St.4 and St.8 may also be attributed 

to their proximity to pollution sources, with St.8 likely 

being located far from any such activities, while the other 

stations were likely subject to a mix of these contamination 

factors
20

. 

 

Fig. 9. Ecological risk due to the presence of MPs in the surface water of the KE.

Analysis of Land Use and Land Cover 

By correlating the 10-meter physical land cover derived 

from Sentinel-1 and Sentinel-2 with monthly average 

radiance values, classified the region was classified into 

eight distinct categories: vegetation (38.28 %), water body 

(37.22 %), residential area (14.23 %), mixed built-up (6.17 

%), bare soil (3.21 %), commercial built-up (0.64 %), high 

commercial built-up (0.06 %), and sub urban (0.20%). The 

spatial distribution of these land covers directly informs the 

significant variations in pollution due to abundance of MPs 

observed across the ten sampling stations. For instance, the 

presence of high commercial built-up and residential areas 

near St.2 and St.4 likely contributes to their "very high" CF 

and significant PRI, with St. 4 appearing as a major outlier 

due to localized industrial or port-related discharge. 

Conversely, the high percentage of vegetation and water 

bodies surrounding St.8 correlates with it's near-zero PRI 

and very low hazard levels, as it is situated furthest from 

dense urban activities. Overall, the dominance of human-

influenced categories like mixed built-up and commercial 

zones supports the average PLI of 4.74 (> 1) and a 

"medium risk" PRI of ~180, suggesting that MP 

contamination in the KE is driven by a complex mix of 

untreated urban wastewater and industrial runoff. 

 

 

 

Fig. 10. LULC pattern in the KE (left) and the percentage of area (right) of LULC in the KE.
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IV. Limitations of the Study 

This study has various limitations that should be 

acknowledged in order to contextualize the findings and 

lead future research. Sampling is limited to the dry season; 

it does not account for seasonal fluctuations such as greater 

MP levels during monsoon runoff and flooding, which 

could increase pollution input. Additionally, the lack of 

advanced techniques like Scanning Electron Microscopy 

with Energy Dispersive X-ray (SEM/EDX) analysis 

reduced insights into MP surface morphology, weathering 

signs, and elemental composition, which could have better 

shown degradation and contamination paths. 

V. Conclusions 

Estuaries are essential environments for understanding how 

MPs are transported from land-based sources to the ocean. 

Since very few studies have been carried out on MP 

contamination, this study, in the surface water of the KE, 

had an abundance of MPs, and the levels of MPs increased 

progressively as the estuary approached its mouth. In the 

KE, MPs were found in larger numbers of < 1 mm, fiber-

shaped, which is attributed to inputs from industrial 

effluents, domestic wastewater, and fishing activities. Black 

and transparent MPs were the most prevalent colors, while 

spatial variations in MP concentration and shape were 

observed, with the highest abundance recorded at St.8, 

located downstream.  EVA, nylon, PS, ABS, acrylic, and 

PE were the identified polymers as MPs throughout the 

estuary. All stations along riverbanks were contaminated 

with MPs and constituted serious ecological hazards, 

according to the contaminated indices, including CF, PLI, 

PHI, and PRI. Overall contamination status of the KE is 

“considerable” to “moderate”, where all station poses PLI 

> 1. Thus, it can be concluded from this study that untreated 

industrial discharges, wastewaters from densely populated 

areas, and the hydrodynamics of the river play critical roles 

in the transport and deposition of MPs which is confirmed 

by LULC analysis around KE. Addressing this pollution 

requires improved wastewater treatment systems, stricter 

regulation of industrial discharges, and enhanced public 

awareness about the environmental impacts of MPs. 
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