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Abstract 
Microplastic (MP) pollution is an emerging environmental issue with serious implications for marine 
ecosystems and potential risks to human health. This study assessed MP contamination in the gastrointestinal 
tracts of 130 individuals representing 13 species (n=10 species

–1
) from the Bay of Bengal, Bangladesh. A total of 

892 MP particles were detected, confirming ubiquitous contamination across all species. MP abundance 
ranged from 3.70–12.00 items per individual (mean±SD: 6.87±1.08 items fish

–1
). Five morphotypes: fibers, 

films, foams, pellets, and fragments were identified, with fibers constituting the dominant category. Most MPs 
were <5 mm, and red was the most common color. MP abundance exhibited a moderate positive correlation 
with body length (r=0.41), indicating that larger individuals tended to contain higher numbers of MP. 
Benthopelagic species exhibited the highest MP ingestion (7.85±2.58 items fish

–1
), while carnivorous fishes 

showed greater contamination (7.13±2.59 items fish
–1

) among trophic guilds. Risk assessment revealed that 
contamination factor (CF) ranged from 1.00–3.24, indicating moderate to high levels of MP contamination. The 
overall polymer load index (PLI) was 1.76, corresponding to a low pollution risk category. However, polymer 
hazard index (PHI) analysis revealed dominance of moderate-risk polymers, including polyester and PP–PE 
copolymer, with high-risk polymers such as nylon (PHI = 8.80) and PVC (PHI = 7.00) contributing substantially 
to overall hazard. These findings provide baseline evidence of MP contamination in Bangladeshi marine 
fisheries and highlight the need for future studies integrating polymer toxicity, trophic transfer, and human 
exposure pathways to support effective mitigation strategies.  
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1 | INTRODUCTION 
Plastics are synthetic polymers primarily derived from 
fossil fuels and widely used due to their durability, light-

weight structure, and versatility across sectors such as 
packaging, construction, manufacturing, and medicine 
(Andrady 2011; Guzzetti et al. 2018). Global plastic pro-
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duction has increased dramatically, reaching approxi-
mately 430.9 million tons in 2024, resulting in the wide-
spread accumulation of persistent plastic debris in terres-
trial and aquatic environments (Plastics Europe 2025). 
Due to their resistance to biodegradation, plastics can 
persist for decades, posing serious threats to ecosystem 
health, particularly in marine environments (Issac and 
Kandasubramanian 2021; Khan and Setu 2022). 

Marine ecosystems are major sinks for plastic pollu-
tion, with plastics accounting for approximately 75% of 
marine debris and threatening over 800 species through 
ingestion and entanglement (Karbalaei et al. 2019). Plastic 
production is projected to exceed 1,000 million tons by 
2050, further increasing environmental exposure (Khan 
and Setu 2022). Coastal regions contribute substantially 
to this burden, generating approximately 275 million tons 
of plastic waste annually, of which 2–5% enters marine 
systems (Hossain et al. 2019). Environmental degradation 
processes fragment larger plastics into microplastics 
(MPs; <5 mm), which are classified as primary MPs, inten-
tionally manufactured at microscopic sizes, or secondary 
MPs, formed through fragmentation driven by ultraviolet 
radiation, mechanical abrasion, and microbial activity 
(Ivleva et al. 2017). Their distribution within aquatic sys-
tems is influenced by physicochemical properties such as 
size, density, and shape (Ferdous et al. 2023). 

Due to their small size and resemblance to natural 
prey, MPs are readily ingested by marine organisms 
across trophic levels, facilitating their entry into aquatic 
food webs (Karbalaei et al. 2019). Ingestion is considered 
the primary exposure pathway and may result in trophic 
transfer and bioaccumulation (Barboza et al. 2018; 
Saikumar et al. 2024; Toha et al. 2024). In addition to 
physical impacts, MPs can adsorb and transport hazard-
ous contaminants, including heavy metals, pesticides, 
persistent organic pollutants, and pathogenic microorgan-
isms (Akter et al. 2024). Exposure to MPs has been asso-
ciated with oxidative stress, tissue damage, endocrine 
disruption, and impaired reproduction in marine organ-
isms, particularly fish (Ghosh et al. 2021; Khan and Setu 
2022; Thi et al. 2025). 

Microplastic contamination also presents potential 
risks to human health through seafood consumption. As 
humans occupy upper trophic levels, fish represent a ma-
jor pathway for MPs exposure (Parvin et al. 2022; Zhang 
et al. 2026). MPs may release toxic additives and associ-
ated contaminants into tissues, potentially contributing to 
endocrine disruption, reproductive disorders, and car-
cinogenic effects (Hossain and Shams 2020; Haque et al. 
2023; Thi et al. 2025). Consequently, MPs have emerged 
as contaminants of global concern due to their persis-
tence, bioavailability, and capacity for trophic transfer 
(Barboza et al. 2020; Kibria 2023; Nguyen et al. 2025). 

In Bangladesh, where fish constitute a major dietary 
protein source, recent studies have reported widespread 

MPs contamination in commercially important marine 
and estuarine fish species (Hossain et al. 2019; Ghosh et 
al. 2021; Jamal et al. 2025). Over 40% of consumers in 
Bangladesh procure seafood from local fish markets, 
while the remaining proportion obtain seafood directly 
from fishers or from larger wholesale markets. Thus, a 
large fraction of coastal families is regularly exposed via 
typical diets to local marine fish, which are demonstrably 
contaminated with MPs (Roy et al. 2025). For instance, 
three popular marine species (bigeye tuna Thunnus obe-
sus, Chinese pomfret Pampus chinensis, and Acan-
thopagrus datnia) from the northern Bay of Bengal all 
contained MPs – the gills and guts had 1.4–8.7 MP items 
g

–1
 and muscle had 0.2–0.475 MP g

–1
 (Jamal et al. 2025). 

Similarly, 10 species of commercial Bay-of-Bengal fish 
were all contaminated: on average 2.2±0.89 MPs per fish 
(Ghosh et al. 2021). Commonly consumed species, includ-
ing hilsa (Tenualosa ilisha) and other marine fish from the 
Bay of Bengal, have been reported to contain between 2 
and 51 MP particles per individual (Siddique et al. 2022). 
Given the high dependence on fish as a dietary staple in 
Bangladesh, exposure assessments estimate that fish 
consumption alone could result in ingestion of approxi-
mately 1.24 × 106 MP particles per person per year (Jamal 
et al. 2025). Despite increasing evidence, data on MPs 
occurrence, characteristics, and ecological risks in many 
commercially important marine fish species from Bangla-
desh remain limited. Therefore, this study aims to (i) 
quantify MPs occurrence and abundance in selected edi-
ble marine fish species, (ii) characterize ingested MPs 
based on shape, size, and color, (iii) compare MP inges-
tion among species with different trophic guilds and feed-
ing strategies, (iv) examine the relationships between MP 
abundance and fish length, and (v) evaluate the associat-
ed ecological risks using established indices. 
 
2 | METHODOLOGY 
2.1 Study area 
Our study area focuses on the northwestern Bay of Ben-
gal, centering on the proximity of Kuakata region (Figure 
1). The northwestern Bay of Bengal is an ecologically sig-
nificant marine zone known for supporting diverse and 
commercially important fish species (Hossain et al. 2019). 
Kuakata, located in the Patuakhali district of Bangladesh, 
was selected as the study site because of its proximity to 
important fishing grounds and its potential to receive 
riverine debris, which may contribute to MPs pollution. 
Given the region's high levels of human activity, including 
as shipping, fishing, and waste disposal, determining the 
degree of MPs pollution is essential for evaluating food 
safety and environmental health (Ghosh et al. 2021). 
 
2.2 Sample collection 
In order to evaluate MPs exposure pathways pertinent to 
human consumption, the study focused on commercially 
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important and widely consumed marine fish species. A 
total of 130 individuals representing 13 species (n = 10 
per species) were collected, encompassing a range of 
habitats (demersal, benthopelagic, and pelagic) and feed-
ing strategies (carnivorous, and planktivorous). The selec-
tion of 10 individuals per species was based on methodo-
logical precedent in marine microplastic studies, where 
5–15 specimens per species are commonly used due to 
the labor-intensive nature of digestion and polymer iden-
tification procedures (e.g. Karbalaei et al. 2019; Ghosh et 
al. 2021; Akter et al. 2024). From a statistical perspective, 
a balanced design with n = 10 per group provides suffi-

cient replication to estimate species-level means and var-
iability, and offers acceptable statistical power (≥0.70 at α 
= 0.05) to detect moderate-to-large interspecific differ-
ences in MP abundance using ANOVA or equivalent non-
parametric tests (Cohen 2013). An overview of the col-
lected fish samples is presented in Table S1. Following 
collection, the fish samples were kept on ice in an icebox, 
transported to the laboratory, and subsequently stored in 

a freezer at −20C until analysis. Prior to examination, the 
samples were thawed at room temperature. 

 

 

FIGURE 1 Map showing 
sampling location for 
microplastic analysis in 
Northwestern Bay of Bengal 
and its nearby coastal areas. 

 
2.3 Sample preparation 
Following thawing, the weight and total length of each 
fish sample were recorded before the gastrointestinal 
tracts (GIT) was carefully removed and placed in sterile 
beakers. Organic matter digestion was performed using 
30% hydrogen peroxide (H2O2). Each sample was treated 

with 100 mL H2O2 and incubated at 65C for 24 hours. The 
digestion process was repeated with additional 10mL 
H2O2 where necessary until the solution became clear and 
free of visible organic residues (Hossain et al. 2024). 
Complete digestion was confirmed through visual inspec-
tion under a stereomicroscope, ensuring no remaining 
biological tissues or organic debris prior to filtration. After 
digestion, the GIT samples were placed in a laminar air-
flow cabinet and left to stabilize at room temperature for 
two to three days. Afterward, vacuum filtration equip-
ment was used to filter the materials twice through 0.40 
μm Whatman Glass Microfiber Filter paper (Parvin et al. 
2022). After drying, the filter sheets were sealed in glass 
Petri plates, allowed to air dry, and prepared for optical 

analysis and microplastic polymer identification. To re-
duce contamination, strict measures were implemented, 
including donning lab coats and gloves, filtering all solu-
tions, cleaning all tools thoroughly, and conducting meth-
od blanks (Yuan et al. 2019). 
 
2.4 Observation and identification of MPs 
The filtered samples were visually examined using a ste-
reomicroscope (Plan1X, Micros Austria) equipped with an 
Olympus DP22 camera to capture images of suspected 
MP particles at magnifications of 2X, 3X, and 4X. LAS EZ 
3.4.0 software was used to connect the microscope to a 
desktop computer, and detailed imaging was performed 
using a digital camera with a total magnification range of 
8–35X (Figure S1). According to their properties, the de-
tected MPs were visually evaluated, divided into five 
groups: fibers, filaments, foams, fragments or pellets and 
given colors for identification (Tanaka and Takada 2016; 
Hossain et al. 2019). The closest millimeter scales were 
used to measure the length and width of each MP. The 
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minimum reliable detection limit under the applied opti-
cal magnification was approximately 0.1 mm; therefore, 
particles smaller than this threshold were not quantified, 
potentially leading to underestimation of ultra-fine mi-
croplastics. 
 
2.5 Fourier Transform Infrared spectroscopy (FTIR) 
A representative subsample comprising 20% (n = 178) of 
the total 892 visually identified MP particles was random-
ly selected for polymer characterization. These particles 
were manually separated from the filter paper and indi-
vidually transferred onto a potassium bromide (KBr) crys-
tal for analysis. Polymer types were subsequently identi-
fied using FTIR spectroscopy (IR Prestige-21). The absorp-
tion bands were identified by comparison with reference 
spectra from the SpectraBaseTM database. Measure-
ments were conducted in transmission mode over a 
wavenumber range of 400–4000 cm

–1
 (Tanaka and Taka-

da 2016). To minimize potential misidentification associ-
ated with automated library matching, the absorption 
bands were further verified by cross-referencing charac-
teristic spectral features following standard literature 
(e.g. Noda et al. 2007; Jung et al. 2018). Subsampling a 
proportion (typically 10–30%) of visually sorted particles 
for spectroscopic confirmation is a widely accepted ap-
proach in microplastic research due to the time-intensive 
and resource-demanding nature of FTIR analysis, while 
still providing reliable characterization of overall polymer 
composition (Hidalgo-Ruz et al. 2012; Hossain et al. 2019; 
Ghose et al. 2021; Hossain et al. 2024). 
 
2.6 Visual identification of MPs using scanning electron 
microscope (SEM) and dispersive x-ray spectroscopy 
(EDX) 
A high vacuum scanning electron microscope 
(InTouchScope™ SEM, JSM-7610F) was used to take high 
resolution images that show the topography and ele-
mental composition of selected MP samples after the 
MPs were identified using optical microscopy (Akhtar et 
al. 2018). Additionally, the qualitative chemical makeup 
of the compounds adhering to the MP surfaces was exam-
ined using energy dispersive x-ray spectroscopy (EDX). 
 
2.7 Risk assessment of MPs 
The contamination factor (CF), pollution load index (PLI), 
and polymer hazard index (PHI) are frequently employed 
to assess ecological risk in terrestrial and aquatic envi-
ronments (Lithner et al. 2011; Nithin et al. 2022; Das et al. 
2025; Jamal et al. 2025). The PLI and CF values were cate-
gorized following the criteria proposed by (Wang et al. 
2020), while the PHI was determined according to the 
method described by Lithner et al. (2011). 
 
2.7.1 Contamination factor (CF) 
The degree of environmental pollution was illustrated 

using the CF. Although the CF was traditionally used to 
evaluate the concentration of MPs have lately been the 
subject of several studies using this technique. The CF was 
calculated using the following equation (Ranjani et al. 
2021a; Wang et al. 2020):  

CFi =  Ci / Co
 

Where C0 = baseline concentration value, and Ci = abun-
dance of a species. The lowest concentration from each 
different technique was used to calculate the MPs back-
ground value. 
 
2.7.2 Pollution load index (PLI)  
The MPs concentration level associated with the PLI was 
determined using the following equations (Jamal et al. 
2025): 

 
 
2.7.3 Polymer hazard index (PHI)  
To evaluate possible human risk, the PHI for ingesting 
MPs containing fish was established. PHI assesses the 
toxicity of the plastic polymers' monomers and related 
chemicals. The PHI caused by MPs can be evaluated using 
the formula below: 
 PHI= ∑ Pn × Sn 
Where, Pn = percentage of specific plastic polymers, and 
Sn = hazard score of plastic polymers obtained from Lith-
ner et al. (2011). 
 
2.7.4 Quality assurance and quality control 
Fish were separated and dissected in a clean bench envi-
ronment using sterile metalware, glassware, and appro-
priate personal protective equipment. To avoid contami-
nation, their GITs were placed in covered petri plates. All 
glassware and dissection equipment were rinsed three 
times with filtered water, and all liquids used in the as-
says were passed through Whatman GF/B glass microfi-
ber filter to reduce the procedural contamination. A blank 
sample without fish GIT was also prepared. Fish collected 
from fishers at the landing center without controls for 
MPs contamination during harvesting was one of the 
study's limitations. Consequently, the samples were 
cleaned with MP-free distilled water to remove externally 
attached plastic (Lusher et al. 2017; Hossain et al. 2019). 
 
2.8 Data analysis 
Microsoft Excel (2020) was used to calculate descriptive 
statistics, including means, standard deviation, and risk 
assessment–related metrics for all analytical data. 
OriginPro (2022) and PAST (PAleontological STatistics) 
software were employed to generate bar charts, correla-
tion analyses, create graphical outputs, and visualize FTIR 
spectra. ArcGIS Pro was used to prepare the sampling 
location map based on the GPS coordinates of the study 
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sites.  As the dataset satisfied the assumptions of normal-
ity, as verified by the Shapiro-Wilk test (p > 0.05), Pear-
son’s correlation coefficient was applied to examine the 
relationship between microplastic abundance and fish 
total length. An independent-samples t-test (α = 0.05) 
was conducted to assess differences in microplastic 
abundance between carnivorous and planktivorous spe-
cies. Furthermore, one-way analysis of variance (ANOVA) 
was performed to evaluate differences in microplastic 
abundance among demersal, pelagic, and benthopelagic 
species, followed by Fisher’s least significant difference 
(LSD) post-hoc test for pairwise species comparisons. 
 
 

3 | RESULTS 
3.1 Prevalence of MPs in fish  
MPs were detected in all examined fish species. A total of 
892 MP particles were identified and recorded from the 
GITs of the sampled individuals (Table 1). The mean 
abundance ranged from 3.70 to 12.00 items per species, 
with an overall average of 6.87±1.08 items per individual. 
When standardized to biological parameters, MPs abun-

dance ranged from 0.15 to 0.52 MPs cm
–1

 of total length 
(0.27±0.12 MPs cm

–1 
TL) and from 0.01 to 0.16 MPs g

–1
 of 

body weight (0.07±0.04 MPs g
–1 

BW). Based on GIT meas-
urements, abundance varied from 0.14 to 1.02 MPs cm

–1 

of GIT length (0.68±0.67 MPs cm
–1 

GIT) and from 0.81 to 
3.91 MPs g

–1
 of GIT weight (2.12±1.31 MPs g

–1 
GIT) (Table 

1). Among the investigated species, Lobotes surinamensis 
exhibited the highest MP burden (n = 120 particles), 
whereas Cynoglossus semilaevis showed the lowest (n = 
37 particles). These results indicate widespread micro-
plastic contamination across all sampled species. 
 
3.2 Microplastic attributes: shape, size and color 
3.2.1 Shapes 
MPs of various morphotypes were identified in all exam-
ined fish species, with five distinct shapes observed: fi-
bers, films, foams, pellets, and fragments (Figure 2A; Fig-
ure S2). Among the 892 MPs detected, fibers were the 
most prevalent (34.15%), followed by films (27.77%), 
foam (13.44%), pellets (12.21%), and fragments (12.43%) 
(Figure 2A).  

 
TABLE 1 Overview of the 13 studied fish species (n = 10 individuals per species) and their corresponding level of micro-
plastics (MPs) ingestion. 

Scientific Name 
English 
name 

Feed-
ing 

habitat 

Feed-
ing 

group 

Total 
MPs 

 

Mean (±SD) values 
Mean 
MPs / 
cmTL 

Mean 
MPs / 
g BW 

Mean 
MPs / 
cmGIT  

Mean 
MPs 
/g 
GIT 

MPs 
Total 
length 
(cm) 

Body 
weight 
(g) 

Gut 
length 
(cm) 

Gut 
weight 
(g) 

Antigonia  
rubescens 

Indo-Pacific 
boarfish  

B C 73 7.30± 
1.06 

14.16± 
2.41 

51.99± 
7.68 

7.89± 
1.43 

3.56± 
0.44 

0.52 0.14 0.93 2.05 

Cynoglossus 
semilaevis 

Tongue sole  D C 37 3.70± 
0.67 

24.26± 
4.11 

37.48± 
4.94 

25.59± 
3.63 

1.26± 
0.47 

0.15 0.10 0.14 2.93 

Harpadon  
nehereus 

Bombay 
duck  

B C 46 4.60± 
0.97 

29.99± 
4.23 

55.49± 
5.07 

9.97± 
0.63 

1.75± 
0.58 

0.16 0.08 0.46 2.63 

Lates calcarifer Asian sea 
bass  

D C 86 8.60± 
0.97 

24.30± 
3.93 

110.11± 
13.02 

9.81± 
1.81 

2.52± 
1.00 

0.35 0.08 0.88 3.42 

Lobotes  
surinamensis 

Atlantic 
tripletail 

B C 120 12.00± 
1.49 

39.20± 
5.39 

2275.80 
±352.94 

14.66± 
3.44 

26.17± 
4.93 

0.31 0.01 0.82 0.46 

Lutjanus  
russellii 

Russell 
snapper  

D C 73 7.30± 
1.25 

32.42± 
4.66 

171.72± 
15.81 

10.85± 
2.59 

8.00± 
1.07 

0.23 0.04 0.67 0.91 

Otolithoides 
pama 

Long-finned 
croaker  

B C 73 7.30± 
1.06 

22.54± 
3.80 

98.94± 
11.90 

7.13± 
1.45 

7.32± 
1.54 

0.32 0.07 1.02 1.00 

Pennahia  
argentata 

Silver white 
croaker  

B C 66 6.60± 
1.07 

30.31± 
4.71 

167.81± 
11.18 

7.80± 
1.48 

7.05± 
1.50 

0.22 0.04 0.85 0.94 

Sardinella  
longiceps 

Sardine P P 53 5.30± 
1.06 

25.87± 
0.83 

93.71± 
18.75 

8.08 ± 
2.18 

6.53± 
1.38 

0.20 0.06 0.66 0.81 

Setipinna taty Scaly hairfin 
anchovy  

P P 53 
 

5.30± 
1.25 

30.59± 
1.50 

151.61± 
6.08 

14.56± 
1.37 

2.37± 
0.53 

0.18 0.04 0.37 2.28 

Sillago  
parvisquamis 

Small scale 
whiting  

D C 46 4.60± 
0.97 

20.28± 
4.27 

56.36± 
11.47 

6.46± 
1.23 

1.27± 
0.31 

0.23 0.08 0.71 3.62 

Tenualosa toli Toli shad  P P 73 7.30± 
0.95 

17.54± 
2.34 

44.47± 
8.38 

8.42± 
1.21 

2.77± 
0.55 

0.42 0.16 0.87 2.63 

Trichiurus  
lepturus 

Largehead 
hairtail  

B C 93 9.30± 
1.25 

56.87± 
5.62 

100.08± 
11.50 

20.07± 
3.45 

2.38± 
0.59 

0.16 0.09 0.46 3.91 

Feeding habitat: B, benthopelagic; D, demersal; P, pelagic. 
Feeding group: C, carnivore; P, planktivore 
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FIGURE 2 Percentage distribution of MPs extracted from the gastrointestinal tracts (GITs) of marine fish species based on 
(A) shape, (B) size, and (C) color. The numbers in parentheses indicate the number of plastic pieces found in each species. 
 

Comparison among species showed a consistent 
dominance of fiber-shaped MPs, with markedly higher 
counts in L. surinamensis (38), Trichiurus lepturus (31), 
and Lates calcarifer (29) relative to other taxa. Film-
shaped MP particles were the second most abundant 
form and were particularly elevated again in L. surina-
mensis (33) and T. lepturus (26), distinguishing these spe-
cies from those with more evenly distributed shapes. 
Fragment abundance varied considerably, with L. surina-
mensis exhibiting a notably higher count (24) compared 
to all remaining species. Foam particles occurred at mod-
erate levels overall but were comparatively more promi-
nent in T. lepturus (13) and L. calcarifer (12). Pellet-
shaped microplastics were least abundant across most 
species, though T. lepturus (12) and L. calcarifer (11) 
showed relatively higher values than others. 

Species such as C. semilaevis and Pampus argentata 
displayed consistently lower counts across all shape cate-

gories. Pelagic species, including T. toli shad and L. russel-
lii exhibited nearly identical shape profiles dominated by 
fibers and films. The data reveal clear interspecific varia-
bility in MPs shape composition despite a broadly similar 
dominance pattern. 

 
3.2.2 Size 
MPs were categorized into three size classes: <0.5 mm, 
0.5–<1.0 mm, and 1.0–5.0 mm. Among the 892 MPs de-
tected, particles <0.5 mm were predominant, accounting 
for 76.15% of all items and occurring in all examined spe-
cies (Figure 2B). MPs measuring 0.5–<1.0 mm and 1.0–5.0 
mm comprised 18.92% and 4.93%, respectively. Across 
species, the <0.5 mm size class was predominant in all 
fishes, indicating a strong prevalence of very fine MPs. 
The 0.5–<1.0 mm size class occurred at moderate levels, 
with relatively higher abundances in L. surinamensis (33) 
and T. lepturus (27). In contrast, 1.0–5.0 mm MPs were 
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rare and detected mainly in larger predatory species such 
as L. surinamensis (13), L. calcarifer (7), and P. argentata 
(7). 
 
3.2.3 Colors 
The color of MPs reflects the diversity and widespread 
use of plastic products in daily life, contributing signifi-
cantly to plastic pollution. Analysis of GITs samples re-
vealed ten distinct MPs colors: red, green, blue, black, 
transparent, yellow, white, brown, violet, and pink. 
Among the 892 MPs detected, red was the most abun-
dant (19.26%), while pink was the least prevalent (3.47%). 
Green (17.47%), black (13.33%), and blue (12.21%) were 
also frequent, followed by transparent (9.63%), yellow 
(9.07%), white (7.61%), brown (4.14%), and violet 
(3.81%). All 10 colors were identified in O. pama, T. lep-
turus, and L. surinamensis, whereas red, blue, and black 
MPs were present in all species examined (Figure 2C). 
 
3.3 Influences of MPs ingestion in characteristics of fish-
es  
The relationship between total length (cm) and MP abun-
dance per species was assessed using a scatter plot (Fig-
ure 3). A moderate positive correlation was observed (r = 
0.41), indicating a general tendency for microplastic 
counts to increase with fish size. This relationship was 
statistically significant at the 0.01 level. 
 

 
FIGURE 3 Relationship between total length and micro-
plastic (MP) abundance per species. Each point repre-
sents an individual fish. A moderate positive correlation (r 
= 0.41) indicates that MP counts tend to increase with 
body length, and this relationship is statistically significant 
(p < 0.01). 
 
3.4 MPs contamination in fishes with respect to feeding 
habitat and feeding group 
3.4.1 Feeding habitat 
Our findings indicate that fish microhabitat strongly influ-
ences MPs ingestion. Mean MPs concentrations varied 
across habitats: benthopelagic species (n = 6) exhibited 
the highest ingestion (7.85±2.58 MPs individual

–1
), with L. 

surinamensis being the dominant species. Demersal spe-

cies (n = 4) showed moderate levels (6.05±2.22 
MPs/individual), with L. calcarifer being the prevalent 
species, whereas pelagic species (N = 3) had the lowest 
concentrations (5.97±1.43 MPs individual

–1
), with T. toli 

being the predominant species (Table 1 and Figure 4A). 
Fish from benthopelagic habitats exhibited significantly 
greater MP loads than those from pelagic and demersal 
habitats (p < 0.01), whereas no significant difference was 
detected between pelagic and demersal species (p = 
0.879). 
 

 
FIGURE 4 Comparison of microplastic (MP) abundance 
among fish groups based on (A) feeding habitat and (B) 
feeding groups. Bars represent mean microplastic counts 
per individual, with error bars indicating standard devia-
tion. (A) Among feeding habitats, benthopelagic fish con-
tained significantly higher MP loads compared to both 
pelagic and demersal species (p < 0.01), while no signifi-
cant difference was observed between pelagic and de-
mersal fish (p = 0.879). (B) Among feeding guilds, carnivo-
rous fish exhibited significantly higher MP abundance 
than planktivorous fish (p = 0.02). Different lowercase 
letters above the bars indicate statistically significant dif-
ferences. 

 
3.4.2 Feeding group 
Among 13 species analyzed (~77% carnivores, ~23% 
planktivores; Table 1), carnivores displayed higher mean 
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MPs concentrations (7.13±2.58 MPs individual
–1

) than 
planktivores (5.97±1.43 MPs individual

–1
) (Table 1 and 

Figure 4B). Carnivorous species such as L. surinamensis 
(12.00±1.49 MPs) and T. lepturus (9.30±1.25 MPs) exhib-
ited the highest contamination. Planktivores such as S. 
longiceps (5.30±1.06 MPs) showed comparatively lower 
contamination levels. Although the lowest MPs concen-
tration was observed in the carnivorous species, percent-
age-based analysis relative to morphometric characteris-
tics indicated a lower MPs concentration in planktivores. 
A significant difference in microplastic abundance was 
observed between planktivorous and carnivorous species 
at the 0.05 significance level (p = 0.020). 
 
3.5 μ-FTIR analysis and chemical characterization of pol-
ymers   
Characterizing the chemical composition of MPs provides 
insight into their sources and potential environmental 
impacts. In this study, μ-FTIR analysis was performed on 
20% of the suspected MP particles. Of the 892 recovered 
MP particles, 178 were randomly selected for polymer 
identification; among these, 174 were confirmed as mi-
croplastics, while four remained unidentified due to in-
conclusive spectral matches. 

The dominant polymer types were PP-PE copolymer 
(51%), polyester (PES, 20%), nylons (11%), PVC (7%), 
LDPE/LLDPE (5%), ABS (2%), nitrile (2%), and unidentified 
(2%) (Figure 5). The FTIR spectra for PP-PE copolymer 
displayed characteristic peaks at 2958, 2914, 2832, 1455, 
1377, and 717 cm⁻¹ (Figure S3), consistent with both PP 
and PE, while other polymers were confirmed by refer-
ence spectra. 
 

 
FIGURE 5 Proportion of polymer identified in the fish 
samples from the northwestern Bay of Bengal of Bangla-
desh. 
 
3.6 Comprehensive surface analysis MPs using SEM and 
EDX   
Scanning Electron Microscopy (SEM) was used to examine 
the surface morphology of MPs collected from fish in the 
Bay of Bengal. SEM images revealed grooves on fibers, 
films, and foams; adhering particles and cracks on all pol-

ymer types; pits on fibers, fragments, and films; and flak-
ing on films and foams (Figure 6). Energy Dispersive X-ray 
(EDX) analysis detected elements including Si, Na, Mg, Cu, 
S, Ca, Cd, Cl, Zr, C, and O on the surface of MPs (Figure 6). 
Carbon and oxygen are inherent to the polymer matrix, 
while the other detected elements likely originate from 
environmental contamination or additive chemicals. Vari-
ations in elemental composition between MPs and sur-
rounding matrices may result from the extraction process 
or the localized detection area of EDX. 
 
3.7 Risk assessment of MPs contamination  
3.7.1 CF and PLI 
In this study, CF values ranged from 1.00 (C. semilaevis) to 
3.24 (L. surinamensis), indicating moderate to high MP 
contamination across most species. Elevated CF values 
were particularly observed in benthopelagic and demersal 
carnivores, including T. lepturus (2.51) and L. calcarifer 
(2.32). Although species-specific PLI values were not cal-
culated, the overall pollution level remained within Cate-
gory I (PLI <10), suggesting a relatively low aggregate en-
vironmental load (Table 2). 
 
3.7.2 PHI 
In the present study, microplastic polymer composition 
was dominated by PP-PE copolymer (51%), polyester 
(20%), nylon (11%), and PVC (7%). Based on Pollution 
Hazard Index (PHI) values, most detected polymers were 
classified within Hazard Category II, indicating a moderate 
hazard level according to polymer-specific toxicity scores. 
Despite their lower abundance, nylon (PHI = 8.80) and 
PVC (PHI = 7.00) contributed most substantially to hazard 
due to their higher toxicity scores, while PP-PE copolymer 
(PHI = 5.61) and polyester (PHI = 6.00) also contributed 
notably to overall risk (Table 3). 

 
4 | DISCUSSION 
4.1 Prevalence of MPs in fish  
The presence of MPs in all examined fish species demon-
strates extensive plastic contamination in the studied 
marine environment. Fish are likely exposed to MPs 
through direct ingestion, by mistaking plastic particles for 
prey, or indirectly through trophic transfer from contami-
nated organisms (Watts et al. 2014; Worm et al. 2017). 
The MPs levels observed in this study are comparable to 
those reported from the South China Sea off Guangdong 
Province (Zhang et al. 2020b) and the northeastern Arabi-
an Sea (Debbarma et al. 2022). In contrast, higher con-
centrations have been reported from highly polluted re-
gions such as Tema fishing harbor, Accra (Gurjar et al. 
2021) and Haizhou Bay, Yellow Sea (Feng et al. 2019), 
indicating the influence of local anthropogenic activities 
and waste management practices. 

In Bangladesh, commercial fish have been reported 
to contain between 0.5 and 19.13 MP items per individual 
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(Hasan et al. 2022). Studies from the northern Bay of 
Bengal documented mean abundances of 2.2±0.89 and 
5.90±2.76 items per fish (Hossain et al. 2019; Ghosh et al. 
2021), while penaeid shrimp exhibited concentrations 
ranging from 6.60±2 to 7.80±2 items per species (Hossain 
et al. 2020). Similarly, MPs abundance in the Meghna 
River estuary was reported as 7.16±4.33 items per indi-
vidual. Earlier investigations generally reported lower 

MPs concentrations, whereas more recent studies docu-
mented levels comparable to those observed in the pre-
sent study, suggesting a progressive increase in plastic 
pollution in Bangladeshi marine and estuarine ecosys-
tems. Notably, Tenualosa ilisha showed the highest rec-
orded ingestion rate (19.13±10.77 items per individual) in 
previous studies (Siddique et al. 2022), reflecting increas-
ing MP accumulation in the Bay of Bengal. 

 
 

 

 
FIGURE 6 Surface texture 
analysis of microplastics (MPs) 
using SEM-EDX; focusing on (A) 
fiber, (B) fragment, (C) film, and 
(D) foam shapes MPs retrieved 
from marine fish 
gastrointestinal tracts (GITs). 
SEM imagery highlights feature 
like (a) grooves, (b) adhering 
particles, (c) pits, (d) flakes, and 
(e) cracks on the MP surfaces, 
with EDX spectra obtained at an 
accelerating voltage of 15 kV. 
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TABLE 2 Risk assessment of MPs contamination in different species. 

Species 
Mean Microplastics 
(MPs) ± SD 

CF* 
a
CF Risk category PLI* 

b
PLI Risk Category 

Antigonia rubescens 7.30 ± 1.06 1.97  

 

 

 

<1 (low) 

1–3 (moderate) 

2–6 (high) 

>6 (very high) 

 

 

 

 

 

 

1.76 

 

 

 

 

<10 (I)  

10–20 (II) 

20–30 (III)  

>30 <10 (IV, polluted) 

Cynoglossus semilaevis 3.70 ± 0.67 1.00 

Harpadon nehereus 4.60 ± 0.97 1.24 

Lates calcarifer 8.60 ± 0.97 2.32 

Lobotes surinamensis 12.00 ± 1.49 3.24 

Lutjanus russellii 7.30 ± 1.25 1.97 

Otolithoides pama 7.30 ± 1.06 1.97 

Pennahia argentata 6.60 ± 1.07 1.78 

Sardinella longiceps 5.30 ± 1.06 1.43 

Setipinna taty 5.40 ± 1.35 1.46 

Sillago parvisquamis 4.60 ± 0.97 1.24 

Tenualosa toli 7.30 ± 0.95 1.97 

Trichiurus lepturus 9.30 ± 1.25 2.51 

* CF = Contamination factor, * PLI = Pollution load index. 
a, b

 Signify the method of Wang et al. (2020) 
 
TABLE 3 Polymers identified in fish and the estimated hazard risk assessment. 

Polymers Proportion (%) - Pn 
a
Hazard Score (Sn) PHI 

b
Hazard Category 

b
Risk Category 

PP-PE copolymer 51 11 5.61 II (1-10) Medium 
PES (Polyester) 20 30 6.00 II (1-10) Medium 
Nylon 11 80 8.80 II (1-10) Medium 
PVC 7 100 7.00 II (1-10) Medium 
LDPE/LLDPE 5 11 0.55 I (<1) Minor 
ABS 2 30 0.60 I (<1) Minor 
Nitrile 2 100 2.00 II (1-10) Medium 
a
Signifies the method of Lithner et al. (2011);  b Signifies that of Ranjani et al. (2021b). 

 
The widespread ingestion of MPs by marine fish may 

have adverse ecological consequences, including physical 
injury, reduced feeding efficiency, and exposure to asso-
ciated toxic chemicals (Li et al. 2025; Zhang et al. 2026). 
Moreover, the contamination of commercially important 
fish species underscores potential risks to food safety and 
human health. Collectively, the present results, in con-
junction with recent regional studies, reveal a growing 
burden of MP pollution in coastal and marine ecosystems, 
emphasizing the urgent necessity for enhanced waste 
management practices and the implementation of long-
term monitoring programs. 

 
4.2 Microplastic attributes: shape, size and color 
4.2.1 Shape 
The morphology of MPs provides insight into their 
sources, with symmetrical particles typically primary MPs 
and asymmetrical particles representing secondary MPs 
formed through environmental fragmentation (Lehtiniemi 
et al. 2018; Park et al. 2020). Secondary MPs generally 
dominate aquatic environments (Barnes et al. 2009). Fi-
bers are primarily derived from wastewater effluents, 
household laundry, and the breakdown of fishing gear, 

ropes, and recreational equipment (Browne et al. 2011; 
Zhang et al. 2020a). In Bangladesh, the textile and ready-
made garment industry contributes substantially to mi-
crofiber pollution during manufacturing (Belzagui et al. 
2019; Akter et al. 2024), explaining the predominance of 
fibers in our samples, consistent with both local and glob-
al observations (Compa et al. 2018; Digka et al. 2018; 
Ghosh et al. 2021). Films, the second most abundant 
morphotype, likely originate from mismanaged plastic 
waste and single-use plastic bags along the Bay of Bengal 
basin. Fibrous MPs are more persistent in fish gastrointes-
tinal tracts and exhibit higher toxicity than other MP 
forms (Au et al. 2015; Lei et al. 2018). Ingestion of frag-
ments and irregularly shaped MPs may cause physical 
damage, including gastrointestinal abrasion, blockage, 
and impaired digestion (Gregory 2009). Pellets, the fourth 
most abundant morphotype, may be attributed to the 
approximately 3,000 tons of plastic waste generated daily 
in Bangladesh, accounting for roughly 8% of national 
waste (Islam 2019). 
 
4.2.2 Size 
The predominance of smaller MPs reflects their wide-
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spread formation and persistence in marine environ-
ments. Plastics entering the ocean from inland sources 
undergo fragmentation through mechanical abrasion, 
photodegradation, biodegradation, thermal decay, and 
other processes, resulting in particles predominantly <0.5 
mm in size (Andrady 2011; Arat 2024). Similar observa-
tions have been reported globally, including in the South 
China Sea, Adriatic Sea, Eastern Pacific Ocean, and the 
Northeast Atlantic, where MPs <1 mm are commonly de-
tected in fish and water samples (Zhu et al. 2019; Mistri 
et al. 2022; Prata et al. 2022). Smaller MPs pose greater 
ecological and toxicological risks due to their high surface-
area-to-mass ratio, which enhances the adsorption of 
hazardous contaminants (Wang et al. 2019; Ghosh et al. 
2021). Smaller particles are more readily ingested by fish 
and their prey, enhancing the potential for bioaccumula-
tion (Derraik 2002; Bessa et al. 2018). Recent studies in 
Bangladesh have reported a high proportion of smaller 
MPs in commercial fish (Ghosh et al. 2021; Parvin et al. 
2021). Consistent with these reports, the present findings 
demonstrate that MPs < 0.5 mm dominate across marine 
fish species in the Bay of Bengal. Given their higher inges-
tion probability and potential for trophic transfer, the 
predominance of fine-sized MPs highlights the need for 
continued monitoring due to possible implications for fish 
health and overall marine ecosystem functioning. 

 
4.2.3 Color 
Globally, blue and black MPs are commonly reported in 
marine fish, including those from the Azores archipelago 
and the northeastern Arabian Sea, aligning with our find-
ings (Pereira et al. 2020; Oza et al. 2024). However, in this 
study red and green MPs were predominant, followed by 
black and blue. Variations in MP coloration are primarily 
attributed to the original polymer composition, incorpo-
rated pigments, and chemical additives, which often per-
sist even after prolonged environmental degradation (Al-
Malaika et al. 2017; Rabari et al. 2022). 

The ingestion of colored MPs by fish is influenced by 
their resemblance to natural prey. Foraging species are 
more likely to ingest MPs that mimic food-like colors 
(Roch et al. 2020). The high prevalence of green MPs may 
reflect their similarity to phytoplankton or result from 
trophic transfer via contaminated prey. Similarly, red MPs 
may resemble zooplankton such as copepods, mysids, and 
euphausiids, which are abundant and often exhibit red-
dish pigmentation in marine ecosystems (Fernández de 
Puelles et al. 2019; Hall and Lewandowska 2022). In con-
trast, transparent MPs are likely ingested incidentally dur-
ing routine feeding (Lusher et al. 2013). 

 
4.3 Influences of MPs ingestion in characteristics of fish-
es  
The observed variability suggests that factors beyond 
body size influence MPs ingestion in marine fish. While 

some studies have reported a strong positive correlation 
between fish size—both body length and weight—and 
MPs abundance (Hossain et al. 2019; Ghosh et al. 2021; 
Ferdous et al. 2023), others have found no significant 
relationship (Parvin et al. 2021; Haque et al. 2023). Larger 
fish are generally considered at greater risk due to higher 
energy requirements and increased food consumption, 
which may enhance the probability of encountering and 
ingesting MPs (Haque et al. 2023; Seetapan and Prommi 
2023). The presence of considerable inter- and intraspe-
cific variation highlights the influence of additional eco-
logical and behavioral factors, such as feeding strategy, 
habitat, and prey selection, in determining MPs ingestion 
patterns across different fish species (Hossain et al. 2019). 
 
4.4 MPs contamination in fishes with respect to feeding 
habitat and feeding group 
4.4.1 Feeding habitat 
The observed differences likely reflect habitat-related 
exposure patterns. Benthopelagic and demersal fish for-
age near the seafloor, where MPs are frequently reported 
to accumulate in sediments (Bellas et al. 2016; Ghosh et 
al. 2021). Although environmental MP levels in water and 
sediments were not directly measured in this study, the 
habitat-based variation observed here is consistent with 
previously documented distribution patterns (Ghosh et al. 
2021, Hossain et al. 2024). 

MPs can bioaccumulate through marine food webs, 
leading to higher concentrations in species feeding at 
multiple trophic levels. Consequently, demersal and ben-
thopelagic fish often exhibit elevated MPs burdens via 
trophic transfer (Miller et al. 2020; Saikumar et al. 2024). 
In contrast, pelagic fish inhabit open water, farther from 
sediment-associated MPs, and feed predominantly on 
plankton and small fish, reducing direct exposure. Addi-
tionally, stronger currents in the pelagic zone may dis-
perse MPs, lowering local concentrations (Zhao et al. 
2023). These patterns highlight the critical role of micro-
habitat in MPs exposure, demonstrating that bottom-
associated and vertically mobile species are at greater 
risk. However, some studies suggest that pelagic feeders 
may ingest anthropogenic particles more frequently, like-
ly due to the high prevalence of low-density polymers 
such as polyethylene and polypropylene in open-water 
environments (Lusher et al. 2013; Bessa et al. 2018). 

 
4.4.2 Feeding group 
MP ingestion in fish is influenced not only by trophic level 
and feeding strategy (Aktar and Moonajilin 2017; Woot-
ton et al. 2021) but also by particle characteristics and 
digestive physiology (Miller et al. 2020). Carnivorous spe-
cies exhibited higher MP loads, which may reflect trophic 
transfer of MPs from contaminated prey, particularly fi-
bers and fragments that persist longer in the gastrointes-
tinal tract due to their elongated shape and resistance to 



 Microplastics in marine fish of Bay of Bengal 
J Fish; Zaman et al. 

  

journal.bdfish.org  Page 12 of 17 Volume 14 | Issue 1 | Article 141217  
 

egestion (Miller et al. 2020; Wang et al. 2021). In addi-
tion, the predominance of smaller MPs (<0.5 mm) ob-
served in this study may enhance retention and facilitate 
translocation within digestive tissues, increasing exposure 
in higher trophic level species. Polymer composition may 
also contribute to differential accumulation, as low-
density polymers such as polyethylene and polypropylene 
are widely distributed in the water column and readily 
incorporated into prey organisms, facilitating indirect 
uptake by predators (Wright et al. 2013; Liu et al. 2020). 
 
4.5 μ-FTIR analysis and chemical characterization of pol-
ymers   
The prevalence of PP, PE, and PES aligns with previous 
reports indicating these polymers as the most common 
MPs in marine fish and ecosystems (Halstead et al. 2018; 
Hasan et al. 2022). Single-use plastics, particularly PP and 
PE, dominate the marine environment due to their exten-
sive use in packaging, textiles, agriculture, and fisheries. 
Sources of MPs in the Bay of Bengal likely include mis-
managed plastic waste, urban runoff, aquaculture, fishing 
gear, and maritime traffic (Ghosh et al. 2021; Parvin et al. 
2021; Oza et al. 2024). PES in aquatic systems primarily 
originates from wastewater effluents (Browne et al. 2011; 
Neves et al. 2015). LDPE and PP monofilaments may also 
derive from fishing nets and ropes (Toha et al. 2024). 

Identifying polymer types is crucial for understand-
ing their environmental interactions, including the sorp-
tion of contaminants. PE, PP, and PES exhibit high sorp-
tion capacities for pollutants such as polycyclic aromatic 
hydrocarbons and chlorinated benzenes (Bakir et al. 
2016). Polymer characterization further informs assess-
ment of additive content, which has implications for eco-
logical and human health risks. μ-FTIR analysis confirms 
that the MPs ingested by fish in the Bay of Bengal primari-
ly originate from anthropogenic activities, with dominant 
polymers reflecting local plastic use and disposal patterns. 

 
4.6 Comprehensive surface analysis MPs using SEM and 
EDX   
The observed surface features indicate that MPs in the 
Bay of Bengal have undergone substantial environmental 
weathering and mechanical degradation, which can modi-
fy their physicochemical properties and increase their 
potential for biological uptake and ecological toxicity (Liu 
et al. 2020; Ramsperger et al. 2020; Zhang et al. 2020b; 
Parvin et al. 2022). Abrasion from sediments, metals, or 
other debris likely forms grooves and pores, enhancing 
the MPs’ capacity to adsorb environmental pollutants and 
increasing ecological and health risks (Kowalski et al. 
2016; Karbalaei et al. 2019). The detection of various 
metals on the MPs’ surface suggests that environmental 
chemical adsorption is widespread, potentially adding 
toxicological significance. Surface weathering and frag-
mentation may also facilitate the formation of nanoplas-

tics, which pose additional hazards to aquatic biota and 
may increase the risk to humans via seafood consump-
tion. 
 
4.7 Risk assessment of MPs contamination  
4.7.1 CF and PLI 
Although the CF and PLI indices were originally developed 
for sediments, recent literature supports their extension 
to biota (Ranjani et al. 2021; Jamal et al. 2025; Mossotto 
et al. 2025). Their application to biota provides a useful 
relative framework for assessing species-specific contam-
ination and ecological exposure gradients (Rajnani et al. 
2021). In this study, higher CF values in benthopelagic and 
demersal carnivores likely reflect increased exposure 
through sediment-associated MPs and trophic transfer, as 
these species occupy higher trophic levels and feed on 
contaminated prey and benthic organisms (Li et al. 2025; 
Wootton et al. 2021). CF values for Bay of Bengal fishes 
have been reported between ~1.1 and 2.8, with carnivo-
rous species typically exhibiting higher contamination 
(Ahmed et al. 2025). Similarly, studies in freshwater fishes 
of southwestern Bangladesh documented low-to-
moderate MPs loads, though CF and PLI were not explicit-
ly computed (Akter et al. 2024). Comparable trends have 
been noted in other regions, such as the Danube Basin, 
where MPs were detected in market fish using alternative 
risk indices (Simionov et al. 2023). While few studies have 
applied CF/PLI frameworks directly, the moderate con-
tamination levels observed here are consistent with prior 
evidence of widespread but variable MPs presence in 
fishes across diverse aquatic habitats. 
 
4.7.2 PHI 
These findings are broadly consistent with previous re-
ports. For example, Akter et al. (2024) found polyethylene 
(73.08%), polypropylene (21.15%), and polystyrene 
(5.77%) dominated freshwater fishes, with PE (PHI = 8.04) 
and PS (PHI = 1.73) falling in Category II, whereas PP was 
classified as Category I (0.21). Similarly, (Ahmed et al. 
2025) reported PP-PE and polyester as dominant poly-
mers in marine fishes, with nylon and PVC driving hazard 
contributions. In contrast, (Das et al. 2025) documented 
higher PHI totals (512–701, Hazard Category IV) in estua-
rine fishes, reflecting substantially elevated risk linked to 
higher proportions of toxic polymers such as nylon. The 
comparison highlights the variability of polymer-related 
hazards across ecosystems, emphasizing that polymer 
composition strongly influences risk categorization. While 
the present study aligns with prior findings in showing a 
predominance of medium-risk (Category II) polymers, the 
elevated PHI associated with toxic polymers in other re-
gions underscores the potential for local conditions to 
amplify ecological and human health risks. It is important 
to note that the PHI represents a hazard-based metric 
reflecting the relative toxicity potential of polymer types 
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and does not constitute a direct assessment of human 
health risk (Lithner et al. 2011; Ho et al. 2025), as expo-
sure pathways, intake rates, and consumption scenarios 
were not evaluated in the present study. Nevertheless, 
the presence of polymers with higher hazard scores high-
lights their potential environmental concern and under-
scores the need for further investigation incorporating 
exposure-based risk assessment frameworks. 
 
5 | LIMITATIONS AND FUTURE DIRECTIVES 
5.1 Limitations 
The sample size, although encompassing multiple species 
and habitats, may not fully capture seasonal or spatial 
variability in MP exposure, particularly given the dynamic 
nature of coastal currents and pollutant sources. The μ-
FTIR and SEM–EDX analyses were performed on a subset 
of recovered MPs, which may limit the representation of 
overall polymer diversity, surface weathering, and associ-
ated contaminants. Trophic transfer and bioaccumulation 
were inferred primarily from associations with feeding 
habits and habitat, without direct quantification through 
isotopic or gut-content analyses. In addition, particle size 
detection was constrained by the resolution of visual and 
spectroscopic techniques, potentially leading to an un-
derestimation of nano- and submicron plastics. Risk as-
sessment indices such as CF, PLI, and PHI, while informa-
tive, represent relative measures and do not account for 
cumulative ecological effects or potential human health 
toxicity. In addition, environmental MP levels in sediment 
and water were not measured, limiting mechanistic inter-
pretation of habitat-specific exposure. 
 
5.2 Future directives  
Future research should aim to address these limitations 
by expanding spatial and temporal sampling across multi-
ple seasons and including additional species to better 
represent the entire marine food web. Integration of ad-
vanced analytical techniques, such as Raman spectrosco-
py or pyrolysis–GC/MS, could improve detection of nano 
and sub-micron plastics and allow precise identification of 
polymer additives and sorbed contaminants. Controlled 
experimental studies on trophic transfer, bioaccumula-
tion, and physiological effects would provide mechanistic 
insight into how MPs impact fish health and ecosystem 
function. Coupling MP contamination data with environ-
mental parameters, including sediment and water quality 
assessments, could elucidate sources, transport path-
ways, and hotspots of pollution. Moreover, comprehen-
sive human health risk assessments, incorporating dietary 
intake patterns and polymer-specific toxicity, are essen-
tial to evaluate the implications of seafood consumption. 
Finally, long-term monitoring programs and the develop-
ment of standardized, harmonized methodologies for 
MPs quantification and risk assessment in Bangladesh’s 
marine environment would enable evidence-based man-

agement strategies to mitigate ecological and public 
health risks associated with microplastic pollution. 
6 | CONCLUSIONS 
This study provides a comprehensive assessment of MP 
contamination in 13 commercially important marine fish 
species from the northwestern Bay of Bengal, revealing 
the pervasive presence, diversity, and potential ecological 
risks associated with MPs. MPs were detected in all spe-
cies, exhibiting considerable variability in abundance, size, 
shape, color, and polymer composition. Fibers were the 
most prevalent morphotype, followed by films, foams, 
pellets, and fragments, with over 76% of particles smaller 
than 0.5 mm, indicating a dominant contribution from 
fragmented inland and coastal sources. Red and green 
MPs were consistently the most frequent colors, likely 
reflecting the widespread use of colored plastics in daily 
life and their resemblance to natural prey. Feeding habits, 
trophic level, and microhabitat significantly influenced 
MP ingestion, with benthopelagic and demersal carni-
vores, including L. surinamensis, T. lepturus, and L. calca-
rifer, exhibiting the highest MP loads. Risk assessment 
indices, including CF, PLI, and PHI, indicate moderate 
overall environmental contamination, while polymer-
specific hazard analysis highlighted the elevated risk 
posed by nylon and PVC despite their lower abundance. 
μ-FTIR and SEM–EDX analyses confirmed that the MPs 
originated primarily from anthropogenic activities, show-
ing surface weathering, mechanical damage, and adsorp-
tion of environmental contaminants, which may enhance 
bioavailability and toxicity. This study establishes critical 
baseline data for MP contamination in Bangladeshi ma-
rine fisheries and emphasizes the importance of future 
research integrating polymer toxicity, trophic transfer, 
and human exposure pathways to inform effective mitiga-
tion strategies. 
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