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Abstract

Toxic metals and freshwater fish’s metalloid contamination are significant environmental concerns for overall public health.
However, the bioaccumulation and sources of metal(loids) in freshwater fishes from Bangladesh still remain unknown.
Thus, the As, Pb, Cd, and Cr concentrations in various freshwater fish species from the Rupsha River basin were measured,
including Tenualosa ilisha, Gudusia chapra, Otolithoides pama, Setipinna phasa, Mystus vittatus, Glossogobius giuris, and
Pseudeutropius atherinoides. An atomic absorption spectrophotometer was used to determine metal concentrations. The
mean concentrations of metal(loids) in the fish muscle (mg/kg) were found to be As (1.53)>Pb (1.25)>Cr (0.51)> Cd (0.39)
in summer and As (1.72)>Pb (1.51) > Cr (0.65) > Cd (0.49) in winter. The analyzed fish species had considerably different
metal(loid) concentrations with seasonal variation, and the distribution of the metals (loids) was consistent with the normal
distribution. The demersal species, M. vittatus, displayed the highest bio-accumulative value over the summer. However, in
both seasons, none of the species were bio-accumulative. According to multivariate statistical findings, the research area’s
potential sources of metal(loid) were anthropogenic activities linked to geogenic processes. Estimated daily intake, target
hazard quotient (THQ), and carcinogenic risk (CR) were used to assess the influence of the risk on human health. The con-
sumers’ THQs values were < 1, indicating that there were no non-carcinogenic concerns for local consumers. Both categories
of customers had CRs that fell below the permissible range of 1E—6 to 1E —4, meaning they were not at any increased risk of
developing cancer. The children’s group was more vulnerable to both carcinogenic and non-carcinogenic hazards. Therefore,
the entry of metal(loids) must be regulated, and appropriate laws must be used by policymakers.
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Introduction contaminated with metals, particularly in developing like

Bangladesh (Ali et al. 2016; Ahmed et al. 2019a). They can

Nowadays, metal pollution in the aquatic ecosystem has
already become a worldwide concern due to its serious
threat to biological health and human beings (Hossain et al.
2018; Makedonski et al. 2017; Islam et al. 2022). In open
water bodies, metal contamination has a serious impact on
the residents (Vu et al. 2017; Ali et al. 2022a; Kubra et al.
2022). Another well-known problem with a striking trend
is the health danger associated with eating aquatic foods
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be bio-concentrated and bio-magnified through the trophic
food chain due to their toxicity and inability to degrade, even
though they appear insignificant in the environment (Ahmed
et al. 2019b; Hossain et al. 2018; Ali et al. 2022b). Urbaniza-
tion and industrialization have a significant negative effect
on the aquatic environment due to the direct discharge of
waste and untreated materials (Ahmed et al. 2021; Rahman
et al. 2021; Islam et al. 2021a; 2022).

Aquatic foods are deemed potential sources of protein
and essential amino acids for humans (Fuentes et al. 2009;
Mohiuddin et al. 2022). Furthermore, because fish contain
little fat and calories, they are considered the primary source
of nutrients, vitamins, and energy (Miri et al. 2017; Fakhri
et al. 2018). However, the situation becomes dangerous
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when people consume contaminated fish and other aquatic
organisms over the safe limit (Ahmed et al. 2019a). The
metal content’s density is five times higher than water in a
particular aquatic environment (Ali et al. 2020a). Such con-
centration levels can damage valuable human organs like the
liver, central nervous system, kidney, reproductive system,
and intestinal tissue (Baki et al. 2018). On the other hand,
aquatic organisms like fish from different habitats directly
absorb contaminants from the environment, which leads to
high fish mortality, abnormalities, and the extinction of a
fish community (Khayatzadeh & Abbasi 2010; Ahmed et al.
2020; Rakib et al. 2021).

Humans can be exposed to toxic metals due to consum-
ing contaminated fish through the food web. As most of the
metal elements are resistant to microbial degradation, the
concentration of those metals increases in an aquatic envi-
ronment (Ahmed et al. 2015; Rani et al. 2021; Islam et al.
2021b). Regarding this problem, fish species and aquatic
organisms are viewed as biomarkers or biomonitors, accu-
mulating the metal contents in various organs (Baki et al.
2018). Determining the metal concentration in fish is crucial
for the fish and for evaluating the threats to human health
(Kalyoncu et al. 2012; Islam et al. 2015). Because some
metal(loids), such as As, Cd, Pb, and Cr, are extremely poi-
sonous, determining the concentration level is critical (Zhou
et al. 2016; Kubra et al. 2022). Other metals like Cu, Mn, Fe,
and Zn are required for the development of the human body
and are not damaging to health until they reach a critical
level (Roohani et al. 2013).

In general, long-term anthropogenic influences and natural
consequences can result in bioaccumulation and biomagnifi-
cation. The uptake, elimination, and accumulation rates are
all variables (Islam et al. 2022; Bayen et al. 2005). Accord-
ing to a recent study, metal accumulation in fish is influenced
by a variety of elemental chemical characteristics as well as
ecological requirements, physiological conditions, individual
size and age, life cycle, life history, and feeding preferences
(Nyeste et al. 2019). Moreover, a fish species’ diet might
change significantly throughout the lifespan, and as a result,
the pattern of accumulated metals can differ among the various
age groups of the same species (Subotic et al. 2013). Typically,
fish tissues can collect metals through normal absorption. Fish
absorb metals in various ways, including eating feed particles,
ingesting particulates that are highly suspended in water, tran-
sitioning ion exchange into lipophilic tissues like gills, and
adsorption on tissue and skin surfaces (Ahmed et al. 2016; Ali
et al. 2020b). The bioaccumulation of metals in different fish
species has been the subject of numerous studies, including
those by Vu et al. (2017), Traina et al. (2019), Ali et al. (2022a,
b), Varol et al. (2022) and others. Through a variety of routes,
including ingestion, cutaneous contact, and inhalation, metals
can have an effect on people. However, dietary intake is the
primary route for exposure to metals (Zhuang et al. 2009).
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Planning human health risk indices will give the respected
authorities specific information because metal can be passed
from contaminated fish species to the human body.

One of Bangladesh’s commercial river systems, the Rupsha
River, receives a variety of pollutants from industrial areas,
manufacturing plants, chicken farms, and paint manufacturers
(Kubra et al. 2022). Additionally, certain feeding stations, rec-
reation areas, and brickfields discharge chemical waste directly
into rivers (Islam et al. 2022). Various industrial operations
and an increase in water demand for agriculture caused a sig-
nificant impact on the river. Moreover, overexploitation and
the discharge of unprocessed textile wastewater into rivers
pose severe threats to river ecosystems (Singh and Kumar
2017). In addition, the Rupsha River is a potential source of
economic and biological aspects. For instance, the poor local
community depends on catching fish for daily consumption
and selling them to the market to earn money. These include 7.
ilisha, O. pama, G. chapra, S. phasa, and so on. Around 3000
tons of fish caught from the river basin annually contribute to
a significant fish supply to the national markets (Kubra et al.
2022). However, this commercially important river basin is
gradually impacted by the attribution of different toxic met-
als. Although Samad et al. (2015) and Sabbir et al. (2018)
conducted relevant studies, there has been no comprehensive
research regarding bioaccumulation and human health risk
from consuming some particular fish species. The current
study will monitor the estimation of prospective human health
risks due to the consumption of different commercial fish spe-
cies. The human health setting as a result of fish consumption
was flawless.

Therefore, the study aims to (1) determine some toxic
metal(loid) concentrations in fish species commonly found
in the Rupsha River basin, which are typically toxic both for
fish and human health development; (2) evaluate bioaccu-
mulation of the metal(loid)s in fish muscles, (3) assess the
adverse human health impact due to intake of the contaminated
fish specimens, and (4) identify the probable sources of the
metal(loid)s in the fish species of the studied river. This is the
first report to detect the probabilistic sources of heavy(loid)s in
the fish species of the Rupsha River, located in the southwest-
ern part of Bangladesh, and assess their health risk implica-
tions. This investigation will also help to highlight the current
status of metal(loid) content in the studied area, which can
pave the way to providing sufficient action platforms for the
government authorities to control metal pollution.

Materials and methods

Study area

In the Rupsha River of Bangladesh, ten (10) different
locations were used for the current investigation (Fig. 1).
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Upstream and downstream of the river, where the level of
contamination is rising daily, were chosen as the study loca-
tions. Southwest Bangladesh is home to the Rupsha River,
a distributary of the Ganges. On the other hand, the Bhairab
and Madhumati rivers meet and merge to form the Pashur
River. The river’s length is affected by tidal action as it joins
the Bay of Bengal close to the Mongla channel, which flows
next to Khulna via the Pashur River. At Chalna, it takes the
name Pashur River before emptying into the Bay of Ben-
gal (Saran et al. 2018). The average width is 486 m, with
maximum and minimum widths of 650 and 322 m, respec-
tively (Saran et al. 2018). The banks of this flowing, peren-
nial river are home to several fisheries, shipyards, docks,
and enterprises. Several common business practices have
been used near the Rupsha River, which the Bangladeshi

22°50N

22°49N

22048

22°47

22046

89934 89°35'

Department of Environment has recognized as Bangladesh’s
most polluted area (DoE 2001). The glass and plastic indus-
tries, chemical complexes, steel mills, paper mill complexes,
rayon mill complexes, cement factories, paint and dye man-
ufacturing plants, numerous soap and detergent factories,
many light industrial units, and waste from the brickyards
and agricultural runoff, all directly discharge toxic effluent
that has not been treated. From these industrial activities,
metal(loids) as a point source may release to the aquatic
environment at the study area which acts as anthropogenic
source of heavy metals. Additionally, sewage and municipal
wastes—unwanted byproducts mixed with Fe,05-2H,0 from
the shipbreaking yard activities—are promptly released.
Around 4500 m>/ha of the effluent from these enterprises
enters the Bhairab-Rupsha River system, which flows into

BAY OF BENGAL
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Fig. 1 The sampling location map indicating the Rupsha River situated in the south-western part of Bangladesh
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the Sundarbans (DoE 2001; Samad et al. 2015). Other dif-
fuse sources of metal(loids) in the study river may arise due
to the connecting of river channels with the Bhairab River
and other unknown sources that contribute elevated levels
of heavy metals in the riverine ecosystem. The sample sites
were selected, located near pollution sources like factories
and industrial units. The distance of the sampling sites was
not unique as the pollution sources were not found at a
unique distance.

Collection and processing of fish species

Ten primarily commercial fish species were studied in
the current study, including T. ilisha (Ilish- Hilsa shad),
G. chapra (Chaplia), O. pama (Poa), S. phasa (Phasa),
M. vittatus (Tengra), G. giuris (Baila), P. atherinoides

(Batashi), Heteropneustes fossilis (Singh), Trichogaster
fasciata (Khailsha), and Cirrhinus reba (Tatkeni). Samples
were collected in summer (Jun-Aug) and winter (Dec-Feb)
seasons. Following orders, samples were transported to the
lab for metal(loid) examination while being maintained in
an airtight insulating ice box. Table 1 gives more informa-
tion on the fish species that were gathered and are shown
in Fig. 2. Scientific name, date of sampling, number of
sampled specimens, and their habitat preferences of the
fish species in the study area are shown in Table S1. Fresh-
water was used to rinse the fish samples in the lab to get
rid of any surface adhesion, and a stainless steel blender
cup was used to separate the edible muscles from the rest
of the fish. The three subsamples of muscles were com-
bined to create a composite sample for each species. After

Table 1 Concentration (mg/kg, dw) of heavy metal(loid)s in different commercial fish species in the study area and a comparison with the stand-

ard guidelines, national, and international studies (n=10)

Fish species Habitat stratum As Cr Cd Pb References

Tenualosa ilisha Pelagic 0.24+0.01 0.19+0.01 0.07+0.001 0.18+0.03

Gudusia chapra Pelagic 1.04+0.05 0.54+0.02 0.09+0.001 0.34+0.01

Otolithoides pama Pelagic 1.66+0.03 0.50+0.02 0.16+0.05 1.02+0.22

Setipinna phasa Pelagic 1.41+0.02 0.35+0.01 0.11+0.02 0.26+0.01

Mystus vittatus Demersal 3.04+0.45 0.56+0.03 0.56+0.04 3.14+0.59

Glossogobius giuris Pelagic 1.60+0.11 0.43+0.03 0.34+0.04 1.33+0.26

Pseudeutropius atherinoides Demersal 1.99+0.32 0.69+0.04 1.00+0.32 1.14+0.04

Heteropneustes fossilis Demersal 1.81+0.05 0.82+0.11 0.96+0.13 3.27+0.39

Trichogaster fasciata Pelagic 1.74 +0.04 0.80+0.14 0.42+0.05 1.27+0.05

Cirrhinus reba Pelagic 1.74+0.12 0.88+0.13 0.69+0.04 1.87+0.07

Mean + standard deviation - 1.63+0.71 0.58 +0.22 0.44+0.35 1.38+1.10

Concentration (mg/L) in water 0.004 0.041 0.002 0.029

Guidelines
WHO 0.01 0.15 - 2.0 WHO (1985)
FAO 1.0 1.0 0.20 2.5 Nauen (1983)
EU - 1.0 0.05 0.1 EU (2001)
Bangladesh (fish) 5.0 1.0 0.25 0.3 MOFL (2014)

National studies
Halda River 1.49 - 0.24 30.5 Ahmed et al. (2020)
Karnaphuli River 4.89 3.36 0.39 13.9 Ahmed et al. (2019b)
Meghna River 1.04 0.11 0.76 3.66 Ahmed et al. (2019a)
Buriganga River 0.32 7.48 0.02 3.46 Ahmed et al. (2016)
Bangshi River 3.55 1.12 0.3 4.64 Rahman et al. (2012)
Turag River 0.06 2.67 0.05 1.89 Rashid et al. (2017)

International studies
Baiyangdian Lake, China 0.43 0.44 0.01 0.17 Zerizghi et al. (2020)
Thamirabarani River, India 0.17 0.35 0.09 0.40 Arisekar et al. (2020)
Ganga River, India - 0.70 0.60 2.51 Maurya et al. (2019)
Igbokoda River, Nigeria 0.77 - 0.09 0.15 Arojojoye et al. (2018)
Swat River, Pakistan 0.01 0.02 0.04 0.03 Liu et al. (2020)
Perak River, Malaysia - 0.29 - 2.30 Salam et al. (2020)
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Fig.2 Analyzed heavy metal(loid) concentration in the fish species of
Rupsha River during the summer and winter seasons

being freeze-dried for 48 h, the samples were ready for
acid microwave digestion (Cabafiero et al. 2007).

Microwave digestion of fish samples and metal(loid)
analysis

Fish samples were deviated using a microwave accelerated
reaction technique (MARS-5, Australia). A small amount of
powder (1 g) was placed in a microwave-safe container with
20% ultrapure HNO; and allowed to sit for 24 h to allow for
digestion. The sample was then mixed with 6 mL of 98%
ultra-pure HNO;, and the vessel was then switched out for
the turntable motor assembly. In this procedure, three identi-
cal heating systems were employed: ramping time (15 min
to heat up from room temperature to 180 °C), holding time
(to heat the temperature from 0 to 180 °C and to hold the
temperature for 10 min), and cooling time (cool down from
180 to 60 °C or less and time required for 15 min). Follow-
ing digestion, the entire mixture was kept in a fume hood
until it reached a temperature of 60 °C. The final solution
volume was diluted with deionized water to 10 mL. An
electric balance took the sample’s weight (AND EK 300 H,
capacity 300 g, d=0.01 g). Following the same scheme, a
sample blank was also prepared to avoid contamination from
the chemical or reagent used in the sample preparation. An
atomic absorption spectrometer (AAS, GTA 120-AA240Z,
Varian, Australia) was used to determine the presence of
metals such as Pb, Cr, and Cd equipped with a graphite fur-
nace, whereas As was detected using the hydride vapor gen-
eration technique in the AAS (SpectrAA 220, Varian, Aus-
tralia). The limit of detection (LOD) for Cr, As, Cd, and Pb
by the instrument was 0.00029, 0.001, 0.0002, and 0.0001
(mg/kg) and the limit of quantification (LOD) was 0.00099,
0.002, 0.0005, and 0.0005 (mg/kg), respectively.

Quality control in the analysis

Sigma-Aldrich of Switzerland provided a stock standard
solution of 1000 ppm for each metal(loid) in order to cre-
ate the calibration standards for the instruments. Through-
out the study, deionized ultrapure water (conductivity 0.05
uS/cm) was used for sample preparation and standard dilu-
tion. All of the glassware and containers used in the experi-
ment were carefully cleaned with a 20% nitric acid solu-
tion over the course of an entire night before being rinsed
many times with deionized ultrapure water. Using the fish
protein-certified reference material DORM-4 for trace ele-
ments, the analytical process was examined. In addition, the
investigation included quality control using TORT-2 from
the National Institute of Standards and Technology and the
National Research Council of Canada. The results of certified
and measured values were As (6.80+0.09, 6.77+0.13), Cr
(1.87+0.10, 1.85+0.02), Cd (0.306 +0.005, 0.298 +0.01),
and Pb (0.42+0.07, 0.38 +0.18) which showed recovery rate
91.35-99.56% (Table S2). The certified and measured values
indicated the good precision of the instrument analysis.

BAF

The bioaccumulation factor (BAF) evaluates the degree of
metal contents in the fish species over time (Vu et al. 2017).
It can be calculated considering the ratio of the metal con-
centration in the fish body and the concentration of the same
metal in the living environment of the fish as follows (Wang
et al. 2017):

Cnﬁsh
Cn

BAF =

water

where Cn, is the metal concentration (mg/kg) in the edible
fish tissues, and Cn,,,,,, is the respective metal concentration
(mg/L) in water. Based on the value ranges, BAF can be
classified as follows, BAF < 1000: no accumulation prob-
ability; 1000 < BAF <5000: bioaccumulative organism;
BAF > 5000: extremely accumulative organism (Ali et al.
2020b, a). Metal(loid) statistical analysis such as the testing
for normality of the datasets was performed by Kolmogorov
and Smirnov (K-S) test in this work.

Human health risk assessment

EDI

The calculation of estimated daily intake (EDI) is primarily
necessary to estimate the human health risk derived from the

consumption of metal-contaminated aquatic foodstuffs (Ali
et al. 2022b). In this case, EDI can be assessed based on the
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metal concentration level in aquatic food items and the con-
sumption of the foods regularly (Bruno Lemos et al. 2012).
The estimate of EDI can be done after following the USEPA-
provided equation (USEPA 2000; Griboff et al. 2017):

CN x IGr
BWt

EDI =

where CN is the metal concentration (mg/kg-dry weight)
in the fish sample, /Gr is the ingestion rate according to the
FAOSTAT database (period 20,122): 55.5 g/day for adults
and 52.5 g/day for children (Ali et al. 2022b), and BWt is
the bodyweight of the local consumers (adults: 70 kg and
children: 15 kg) (USEPA 2008a).

Non-carcinogenic risk assessment

By calculating the possible risk of exposure to metal con-
taminants as a result of eating the contaminated foods, the
total hazard quotient (THQ) can be used to determine the
non-carcinogenic risk (USEPA 2011). THQ can be com-
puted based on the ratio of the oral reference dose (RfD) to
the estimated daily intake (EDI) for this aspect. The RfDs for
the selected metal(loid)s As, Cd, Cr, and Pb in the current
investigation are 0.0003, 0.001, 0.003, and 0.002, respec-
tively (USEPA 2008b). The equation is followed by the
estimation of THQ (Heshmati et al. 2018; Ali et al. 2022b).

EDI x Ed X Ep

x 1073
At X RfD

THQ =
where Ep is exposure frequency (365 days/year) (Ahmed
et al. 2015), and Ed is the time period of exposure to the
metal contents (65 years) (USEPA 2008a, b); At is the aver-
age time for non-carcinogenic elements (Ed X Ep) (Ahmed
et al. 2019a, b). The local consumers do not experience any
non-carcinogenic impacts when the THQ values are less
than unity (Abtahi et al. 2017).

HI evaluation

As humans consume various contaminated food items, the
evaluation of hazard index (HI) is essential. Exposure to two
or multiple contaminants may result in additives as well as
interactive effects on human health (Saha et al. 2016). HI
for the various pollutants can be assessed by the following
equation (Ali et al. 2022a, b; Zhao et al. 2018):

n
HI =) THQ
i=k

where THQ denotes the risk value of the multiple metal
contents available in the samples. Values higher than unity
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render significant non-carcinogenic impacts on human
health (Yi et al. 2011).

CR assessment

The carcinogenic risk (CR) reveals the incremental possi-
bility of cancer occurring in an individual for the exposure
to the carcinogenic elements over a lifetime (Zhong et al.
2018). The acceptable range of carcinogenic effects ranges
from 1E—6to 1E—4 (USEPA 2000; Yin et al. 2015). Values
greater than 1E —4 refer to the high possibility of the carci-
nogenic effect occurring (Hu et al. 2017; Ali et al. 2022a, b).
To assess this, the carcinogenic slope factor was considered
for the particular metal contents, and the assessment equa-
tion is as follows (Gu et al. 2015; USEPA 2010):

_ Ed X Epx CSF X EDI

x 1073
At

CR

where CSF is the oral carcinogenic slope factor which is
identical for the particular metal content viz. As: 1.5 mg/
kg/day, Cd: 6.35 mg/kg/day, and Pb: 0.0085 mg/kg/day
(USEPA 2010). A value greater than 1E-5 denotes that the
incremental possibility of cancer occurring would be more
than 1 over 100,000 (Traina et al. 2019).

Statistical analysis

Microsoft Excel 2013 was used to investigate each and every
mathematical result. Origin 2021 carried out multivariate
analyses including principal component analysis and Pearson’s
correlation matrices. The correlation matrix establishes if there
is a positive or negative correlation between the metal con-
tents (Wang et al. 2012; Merciai et al. 2014). Any association
between the metal amounts indicates a lack of control when
only one element is taken into account (Ali et al. 2022a; Kiikrer
et al. 2014). At p <0.05, metal concentration variability in the
fish samples was deemed significant. Kolmogorov—Smirnov
and Shapiro—Wilk tests were carried out to determine a specific
distribution of the contents in order to prevent problematic data
distribution (Ali et al. 2022b). The sampling map was drawn
using ArcGIS 10, and the normality tests were run using SPSS
23. Additionally, a two-way hierarchical heatmap employing
similar groups of the elements connected to the gathered fish
specimens at a distance between two nearest members was
carried out using Origin 2021. The plotting of elements with
identical characteristics in one cluster and differing contents
in another cluster resulted in the contamination of fish sample
statues (Sundaray et al. 2011).
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Result and discussion
Level of metal(loid)s in the fish species

Metal distribution in the aquatic food items generally deter-
mines the environmental contamination status and human
risk hazard (Fakhriet al. 2018). Accordingly, toxic metals
found in the aquatic habitats, food chains, and the trophic
level and the lifetime exposure to the metal contents signify
a sign of bioaccumulation in different aquatic food materials
(Jayapal et al. 2017). In the present study, the concentration
of metal(loid)s considering summer and winter seasons in
different commercial fish species is represented in Fig. 2.
The As concentration in fish samples was ranged from 0.10
to 2.94 mg/kg with the mean value of 1.53 mg/kg, followed
by Pb (range: 0.10 to 3.07 mg/kg, mean: 1.25 mg/kg), Cr
(range: 0.15 to 0.77 mg/kg, mean: 0.51 mg/kg), and Cd
(range: 0.06 to 0.95 mg/kg, mean: 0.39 mg/kg) in sum-
mer, and the concentration of As was ranged from 0.37 to
3.15 mg/kg with the mean value of 1.72, followed by Pb
(range: 0.25 to 3.52 mg/kg, mean: 1.51 mg/kg), Cr (range:
0.24 to 1.01 mg/kg, mean: 0.65 mg/kg), and Cd (range: 0.07
to 1.06 mg/kg, mean: 0.49 mg/kg) in winter.

Arsenic (As) As is typically present in our diets in a vari-
ety of chemical forms, but it might be difficult to quantify
the total As content in seafood, which must contain at least
10% inorganic As (Ali et al. 2022b). Hence, humans can
be exposed to inorganic As for a long time; the inorganic
form of As is more lethal than the organic form (Baki et al.
2018). Moreover, exposure to inorganic As is detrimental to
human health, causing dysfunction and failure of the lung,
the digestive tract of the circulatory system, and the nerv-
ous system (Sarkar et al. 2017; Mandal and Suzuki 2002).
In addition, the liver and skin can be extremely affected,
and nausea, diarrhea, hypertension, diabetes, and cancer
can occur due to intake of the instantly high As concen-
tration (Cheng et al. 2010; Ali et al. 2016; Mateen et al.
2017; Centeno and Gray 2005). Intake of As mostly depends
on the consumption of aqua products directly (Suifier et al.
1999). In our study area, the mean concentration (mg/kg)
of As was observed in different fish species as follows: M.
vittatus (3.04) > P. atherinoides (1.99) > Heteropneustes
fossilis (1.81)> Cirrhinus reba (1.743) > Trichogaster fas-
ciata (1.741) > O. pama (1.66) > G. giuris (1.60) > S. phasa
(1.41)> G. chapra (1.04)> T. ilisha (0.24) (Table 1). In our
study area, the As concentration in the specimens was higher
than WHO (0.01 mg/kg) and FAO (1 mg/kg) values except
for T. ilisha. However, all the concentrations were less than
the MOFL (2014) standards. In comparison with some
national studies, the concentration of As in our samples was
higher than that of the Kirtankhola River (Ali et al. 2022b),

Halda River (Ahmed et al. 2020), Meghna River (Ahmed
et al. 2019a), Buriganga River (Ahmed et al. 2016), and
Turag River (Rashid et al. 2017).

While findings from the Karnaphuli River (Ahmed et al.
2019b) and the Bangshi River (Rahman et al. 2012) were
three and two times higher than our findings, for international
studies, As concentration in the present work was almost two
times higher than all other reports like Baiyangdian Lake,
China (Zerizghi et al. 2020); Thamirabarani River, India
(Arisekar et al. 2020); Ganga River, India (Maurya et al.
2019); Igbokoda River, Nigeria (Arojojoye et al. 2018); Swat
River, Pakistan (Liu et al. 2020); and Perak River, Malaysia
(Salam et al. 2020) (Table 1).

Chromium (Cr) The availability of Cr in the diet significantly
affects glucose and lipid metabolism (Saha et al. 2016).
Moreover, Cr deficiency in public diets can retard the pro-
gress and glucose, protein, and lipid metabolism (Calabrese
et al. 1985). However, excess ingestion of Cr may cause
liver and kidney dysfunction along with pulmonary disorder
(Forti et al. 2011; Alipour et al. 2015). In our study, Cirrhi-
nus reba exhibited the highest Cr concentration (0.88 mg/
kg) and followed by Heteropneustes fossilis (0.82 mg/kg),
Trichogaster fasciata (80 mg/kg), P. atherinoides (0.69 mg/
kg), Mystus vittatus (0.56 mg/kg), G. chapra (0.54 mg/kg),O.
pama (0.50 mg/kg), G. giuris (0.43 mg/kg), and S. phasa
(0.35 mg/kg) (Table 1). The mean concentration of Cr was far
less than the international guidelines such as WHO (1985),
Nauen (1983), and EU (2001). The mean concentration of Cr
(0.58 mg/kg) in our work was higher than the Meghna River
(Ahmed et al. 2019a) while less than the Karnaphuli River,
Buriganga Bangshi River, and Turag River. In international
studies, the mean concentration of Cr was slightly higher
than Baiyangdian Lake, China; Thamirabarani River, India;
Igbokoda River, Nigeria; Swat River, Pakistan; and Perak
River, Malaysia. Nevertheless, it was higher than the Ganga
River, India, which was insignificant.

Cadmium (Cd) Even at a modest concentration of 1 mg/kg
in meals, cadmium causes persistent poisoning (Ali et al.
2020a; Rahman et al. 2021). Consequently, the aquatic
environment’s constituents are relatively lethal (Rahman
et al. 2012). According to studies, consuming a lot of Cd in
your diet may increase your risk of developing postmeno-
pausal breast cancer and vascular conditions linked to der-
mal lesions (Itoh et al. 2014). In light of this, the Codex
Committee on Food Additives (Ikem and Egilla 2008) and
European Community legislation (EC 2001) set the allow-
able limit of Cd at 0.05 mg/kg in fish. The following fish
species were found to have the highest Cd concentrations: P.
atherinoides (1.0 mg/kg) > Heteropneustes fossilis (0.96 mg/
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kg) > Cirrhinus reba (0.69 mg/kg) > M. vittatus (0.56 mg/
kg) > Trichogaster fasciata (0.42 mg/kg) > G. giuris
(0.34 mg/kg) > O. pama (0.16 mg/kg) > S. phasa (0.11 mg/
kg)> G. chapra (0.09 mg/kg) > T. ilisha (0.07 mg/kg). We
observed that the mean concentration of Cd already sur-
passed the national and international guidelines from WHO
(1985), Nauen (1983), EU (2001), and MOFL (2014) due
to the presence of a high concentration of P. atherinoides.

Moreover, the mean value of Cd was also higher than
other national studies regarding the Halda River, Karnaphuli
River, Buriganga River, Bangshi River, and Turag River.
The record from the Meghna River was the only one that
remained at a higher extent than our found mean value. Like-
wise, our mean value was 47-, 5-, 5-, and 12-fold higher
than some international findings such as Baiyangdian Lake,
China; Thamirabarani River, India; Igbokoda River, Nigeria;
Swat River, Pakistan; and Perak River, Malaysia, respec-
tively. Only the Ganga River in India remained largely con-
sistent with our mean finding.

Lead (Pb) Lead is one of the essential metals that have
a detrimental impact on both human and aquatic species
(Ahmed et al. 2020; Ali et al. 2022b). Due to intake to a
great extent, Pb enhances renal function, disrupts nervous
system dysfunction, retards the skeletal hematopoietic sys-
tem, and causes mental retardation, leading to death after-
ward (Zhong et al. 2018; Rahman et al. 2012). The European
Community (EC 2001) and Food Standards Australia and
New Zealand (FSANZ 2008) proposed upper limits for Pb
impurities in fish species of 0.2 and 0.5 mg/kg, respectively.
The concentration of Pb (mg/kg) was observed in differ-
ent fish specimens, with the descending order as follows:
Heteropneustes fossilis (3.27)> M. vittatus (3.14) > Cir-
rhinus reba (1.87)> G. giuris (1.33) > Trichogaster fas-
ciata (1.27)> P. atherinoides (1.14)> O. pama (1.02) > G.
chapra (0.34) > S. phasa (0.26) > T. ilisha (0.18). The mean
concentration of Pb exceeded EU and MOFL guidelines,
whereas it remained below the WHO and FAO suggested
safety values. From national studies, the record from the
Turag River was in line with our mean Pb finding, while
the Halda River, Karnaphuli River, Meghna River, Bur-
iganga River, and Bangshi River were 22, 10, three, 2.50,
and three times higher than our mean Pb value, respectively.
For international studies, Pb values from the Ganga River,
India, and Perak River, Malaysia, were slightly higher than
our obtained mean value. Our mean findings were 8, 3, 9,
and 42 times higher than Baiyangdian Lake, China; Thami-
rabarani River, India; Igbokoda River, Nigeria; and Swat
River, Pakistan, respectively.

Notably, young fish species uptake a higher rate of metal
concentration than adults, as loading decreases during the
maturation process (Rahman et al. 2012). For instance,
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Ndimele et al. (2017) reported a negative correlation
between Pb concentration and age, meaning that juvenile
species uptake more metal concentration compared with
older groups. Higher Pb concentrations in young fish could
be attributed to their high metabolic rate and underdevel-
oped hazardous metal neutralizing system (Jia et al. 2017).
Again, compared to pelagic fish, demersal fish specimens
have higher metal concentrations (Traina et al. 2019). The
predatory fishes that make up the benthic fish species have
highly concentrated and aggregated metals in their body tis-
sue due to their extreme adaptability and close proximity to
the sediment (Vieira et al. 2011). The diet consists primarily
of aquatic plants and phytoplanktons, which produce lower
metal concentrations in pelagic species than in demersal spe-
cies (Hajeb et al. 2009). In other words, according to recent
investigations, metal accumulation in demersal fish tissues
is observed to a comparatively great extent (Velusamy et al.
2014). In our study, M. vittatus, P. atherinoides, and Hetero-
pneustes fossilis show relatively higher metal accumulation
than other pelagic ones (Table 1). This is because these spe-
cies have close contact with the river basin’s metal-enriched
sediment, impacting their feeding habits. Anandkumar et al.
(2018) report that another factor is that predatory species eat
metal and that the metal interacts with organisms that live
on the bottom.

Consequently, the surpassed values from the suggested
national and international organizations (WHO, EU, FAO,
and MOFL) were explicitly observed in demersal species.
Our findings were mainly like Velusamy et al. (2014) and
Roméo et al. (1999), where Pb, Cd, Cu, and Cr were detected
to a greater extent in the demersal specimens than in pelagic
ones. Thus, detecting metal concentration in demersal fish
species has become an environmental pollution indicator in
a river basin (Buah-Kwofie et al. 2018). However, species
variability brings about a particular action in accumulating
the metal contents as different species have specific feeding
habits and metabolic activities (Zhong et al. 2018; Chi et al.
2007).

BAF

Bioaccumulation factors in different fish species are pre-
sented in the Table 2. It is well known that one species has
individual accumulation capability in response to vari-
ous particulates (USEPA 2000). The calculation of BAF
results in a fraction of the number in an efficient manner
accumulated in different fish body organs like skin, gill,
tissue, and viscera (Vu et al. 2017). The maximum BAF
was recorded for As, followed by Cd, Pb, and Cr in the
summer and winter seasons in the current study. In terms
of fish specimens, the mean BAF was observed in the fol-
lowing descending order in summer and winter: M. vittatus
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Table 2 Bioaccumulation factor
(BAF) for the analyzed heavy
metal(loid)s in different fish

Fish species

species in two seasons in the

Tenualosa ilisha
study area

Gudusia chapra
Otolithoides pama

Setipinna phasa

Mystus vittatus
Glossogobius giuris
Pseudeutropius atherinoides
Heteropneustes fossilis
Trichogaster fasciata

Cirrhinus reba

2351

As Cr Cd Pb
Summer Winter Summer Winter Summer Winter Summer Winter
29.25 68.69 4.89 6.59 57.01 51.11 4.71 10.80
260.41  223.57 22.30 29.04 78.38 61.29 11.12 12.43
361.08 304.59 24.73 21.94 115.15 7576 23.83 22.51
37571  260.56 7.30 729 136.00 128.87 7.73 9.07
75891 637.65 8.80 9.33 41837 683.81 206.18 172.46
505.65 475.14 8.92 9.11 210.14 18545 31.62 41.42
611.29  407.04 24.75 22.01 460.39 415.81 58.56 63.83
564.17 417.00 19.98 1796 54277 44599 133.04 138.85
419.04  335.16 17.63 16.24 23436 178.66 36.08 45.04
303.39 31392 14.72 16.05 28257 247.21 54.13 53.08

(Summer: 348.06, winter: 375.81) > Heteropneustes fossilis
(summer: 314.99, winter: 254.95) > P. atherinoides (sum-
mer: 288.75, winter: 227.17) > G. giuris (summer: 189.08,
winder: 177.78) > Trichogaster fasciata (summer: 176.78,
winter: 143.77) > Cirrhinus reba (summer: 163.70, winter:
157.56) > S. phasa (summer: 131.68, winter: 101.95)> O.
pama (summer: 131.20, winter: 106.20) > G. chapra (sum-
mer: 93.05, winter: 81.58) > T. ilisha (summer: 23.96, win-
ter: 34.30). From the hierarchy, we can see that the range of
BAFs was from 4.71 to 758.91. As shown in Table 2, none
of the species did surpass the corresponding threshold of
bioaccumulative status (< 1000). Hence, all the specimens
in the study area showed non-bioaccumulative conditions.

Human health risk assessment
EDI

Estimated daily intake (EDI) calculation was conducted to
identify the substantial non-carcinogenic risk effect (THQ)
along with the carcinogenic health impact (CR) of the con-
sumption of contaminated aquatic foods (Liu et al. 2018).
The EDI calculation follows the oral reference dose (Rfd)
concerning certain metal content that delineates the response
to the toxic metal element and avoids the harmful impact on
public health (USEPA 2014; Baki et al. 2018). The EDIs
for adults and children for the investigated fish species
consumption are represented in Table 3. We observed that
the demersal species exhibited relatively higher EDIs than
pelagic ones. The EDIs were kept in the following descend-
ing order: As>Pb > Cr> Cd and compared with the recom-
mended daily allowance proposed by WHO (2000). Lower
EDIs than respective RDAs for specific metal elements
indicate a negligible risk to human health from ingestion
(Ahmed et al. 2019a). However, it would not be wise to
consider it a permanent means to conclude as “acceptable
range” and “unacceptable range” when it is lower than RDA/
RfD (Baki et al. 2018).

Non-carcinogenic risk assessment

In Table 3, the calculated target hazard quotient (THQ)
resulting from consuming the investigated fish species is
shown. The estimation of THQs for both adults and children
was noted in the declining order of, As>Cd>Pb> Cr. In
adults, the range of THQ was from 7.64E — 07 to 7.97E - 03,
whereas it was from 1.70E — 05 to 3.55E — 02 in children.
Regarding the mean value of THQ, children possessed
almost four times as much as adults. However, all THQs
were lower than the threshold limit (< 1). As a result, life-
time consumption of such species would have no negative
impact on human health (Yi et al. 2011). However, it is nec-
essary to evaluate the hazard index as it refers to the alarm-
ing condition of the non-carcinogenic effect on public health
(Liu et al. 2018). The estimated HI (total target hazard quo-
tient) was 4.92E — 03 and 2.20E — 02 for adults and children,
respectively. We can see that HIs were also less than the unit
level (< 1), which revealed that the local consumers were
safe from the non-carcinogenic impact. Our records were
similar to those conducted by Khalil et al. (2020), where
both THQ and HI were in a safe condition (< 1). Although
THQ and HI are useful tools for assessing risk, they are
not direct measurements because humans are susceptible to
multiple effects of combined contaminants (Li et al. 2013).

Carcinogenic risk assessment

Only As, Pb, and Cd were considered to be potential oral car-
cinogenic slope variables when evaluating the CR (Ahmed
et al. 2019a). The descending order of CRs in the current
investigation was Cd > As > Pb for adults and children. The
range of CRs was from 1.19E —09 to 4.96E — 06 and from
5.31E—09 to 2.21E — 05 in adults and children, respectively
(Table 3). Among all the species, P. atherinoides exhibited
the highest CR value in the children’s group. Therefore,
children are relatively more susceptible to carcinogenic risk
effects than adults, especially for the consumption of certain
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Table 3 Estimated daily intake (EDI), target hazard quotient (THQ), Hazard index (HI), and carcinogenic risk (CR) of heavy metal(loid)s for
adults and children

Metal(loid)s  Fish species EDI THQ HI (TTHQ) CR RDA*
Adult Children  Adult Children Adult Children Adult Children
As TI 0.000  0.001 6.17E—04 2.75E-03 2.78E-07 1.24E-06
GC 0.001 0.004 2.72E-03 1.21E-02 1.23E-06 5.46E—-06
OP 0.001 0.006 435E—-03 1.94E-02 1.96E—06 8.72E—06
SP 0.001 0.005 3. 70E-03 1.65E—02 1.66E—06 7.41E-06
MV 0.002  0.011 797E-03 3.55E-02 359E-06 1.60E-05 0.15
GG 0.001 0.006 420E-03 1.87E-02 1.89E—-06 841E-06
PA 0.002  0.007 520E-03 2.32E-02 234E-06 1.04E-05
HF 0.001 0.006 474E-03 2.11E-02 2.13E-06 9.51E-06
TF 0.001 0.006 456E—-03 2.03E—-02 2.05E-06 9.14E-06
CR 0.001 0.006 456E—-03 2.03E—02 2.05E-06 9.15E-06
Mean 0.0013  0.006 4.26E-03 1.90E—02 1.92E—-06 8.54E—06
Pb TI 0.000  0.001 401E-05 1.79E-04 1.I9E-09 5.31E-09
GC 0.000  0.001 7.63E—05 3.40E—-04 227E-09 1.01E-08
OP 0.001 0.004 228E-04 1.02E-03 6.78E—-09 3.02E-08
SP 0.000  0.001 5.76E-05 2.57E-04 1.71IE-09 7.63E-09
MV 0.002  0.011 7.05E—04 3.14E-03 2.10E-08 9.35E-08 0.25
GG 0.001 0.005 297E-04 1.33E-03 492E-03 220E-02 8.85E—09 3.94E-08
PA 0.001 0.004 2.56E-04 1.14E-03 7.62E—09 3.39E-08
HF 0.003 0.011 734E-04 3.27E-03 2.18E-08 9.72E-08
TF 0.001 0.004 2.84E—-04 1.27E-03 8.46E—09 3.77E-08
CR 0.001 0.007 4.19E-04 1.87E-03 1.25E—-08 5.55E-08
Mean 0.0011  0.005 3.10E-04 1.38E—03 9.21E—-09 4.10E-08
Cd TI 0.000  0.000 5.11IE-05 2.28E—-04 322E-07 1.43E-06
GC 0.000  0.000 7.15E-05 3.19E-04 450E—-07 2.01E-06
(0)3 0.000  0.001 1.28E—-04 5.72E-04 8.09E-07 3.61E-06
SP 0.000  0.000 8.92E-05 3.97E-04 5.62E—-07 2.50E-06
MV 0.000  0.002 443E-04 197E-03 2.79E-06 1.24E-05
GG 0.000  0.001 2.69E—-04 1.20E-03 1.70E-06 7.55E—-06
PA 0.001 0.004 7.88E—04 3.51E-03 496E—-06 2.21E-05 0.07
HF 0.001 0.003 7.54E-04 3.36E-03 475E-06 2.12E-05
TF 0.000  0.001 328E-04 1.46E-03 2.06E-06 9.19E-06
CR 0.001 0.002 5.38E-04 2.40E-03 339E-06 1.51E-05
Mean 0.0003  0.002 346E-04 1.54E-03 2.18E—-06 9.71E—06
Cr TI 0.000  0.001 7.64E—-07 1.70E-05
GC 0.000  0.002 2.11IE-06 4.69E—05
OoP 0.000  0.002 1.97E-06 4.39E-05
SP 0.000  0.001 1.38E-06 3.07E—05
MV 0.000  0.002 2.18E-06 4.87E—05 0.76
GG 0.000  0.002 1.L69E—-06 3.77E-05
PA 0.001 0.002 2.70E-06 6.02E—05
HF 0.001 0.003 323E-06 7.20E-05
TF 0.001 0.003 3.14E-06 6.98E—05
CR 0.001 0.003 347E-06 7.72E-05
Mean 0.0005  0.002 2.26E-06 5.04E—05

RDA recommended daily allowance (mg/kg/person) suggested by WHO (2000). 71 Tenualosa ilisha, GC Gudusia chapra, OP Otolithoides pama,
SP Setipinna phasa, MV Mystus vittatus, GG Glossogobius giuris, PA Pseudeutropius atherinoides, HF Heteropneustes fossilis, TF Trichogaster
fasciata, CR Cirrhinus reba

Bold faces indicates significance values
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species. However, the cumulative CRs did not surpass the
threshold range of 1E—6 to 1E —4. Thus, our CR observa-
tion would not pose any carcinogenic threat to the local con-
sumers. Our CR result resembled Arisekar et al. (2020), who
reported that CR values were acceptable near the Thamira-
barani River, India. The increasing concentration of metal
materials in the current study location can be a typical con-
cern for carcinogenic risk issues due to spontaneous climate
change, rapid industrialization, and economic activity.

Statistical result

The result of ANOVA showed that the metal distribu-
tion in the particular fish species was significantly differ-
ent (p <0.05) in both the summer and winter seasons. The
Kolmogorov—Smirnov and Shapiro—Wilk tests showed that
metal distribution followed the normal-distributed pattern.
The analyzed correlation matrix with a p-value is depicted
in Fig. 4. The conducted correlation matrix also describes
the source of origin and the metal contents’ distribution
pattern (Ahmed et al. 2021; Suresh et al. 2011). Our find-
ings revealed a strong positive significant correlation (p
0.05) in metal(loid) pairs such as As—Pb (r=0.757), Cr-Pb
(r=0.746), and Cd-Pb (r=0.709). There is no negative cor-
relation among the metal contents. Figure 3 demonstrates
relationships among the metal contents based on the correla-
tion coefficient. This also denoted that the most significant
correlation was observed in As—Pb metal pair. Such rela-
tions indicated that the sources and the characteristics of the

Fig.3 A correlation matrix with

metal elements for the investigated species might be similar
(Ali et al. 2022b). Also, the metal correlation revealed that
metal accumulation was closely associated with the targeted
fish tissues (Ahmed et al. 2019a). Moreover, a similar level
of metal concentration can be attributed to the river basin
from relevant sources associated with particular features
and mutual dependence through transportation (Jiang et al.
2014). However, to better understand the basis of the origin
of metal attribution, it is necessary to explore PCA (Bortivka
et al. 2005).

The explored PCA represented compressed factor sets of
variances of all considered datasets that exhibited the quali-
tative analysis (Singh et al. 2005; Ma et al. 2016). Figure 4
describes the corresponded PCA with three factors based
on the Eigenvalues. The expressed cumulative variance was
95.08%, and three corresponding factors (PC 1, PC 2, and
PC 3) appeared. The representative variances of the three
factors were 73.8, 14.6, and 6.7%, respectively. PC1 was
dominated by Cd and Pb due to their high loadings of 25.76
and 26.08%, respectively, whereas As and Cr dominated PC2
and PC3 with 65.66 and 56.47% for their loadings, respec-
tively. The result indicated an internal relationship between
metal elements and sources of origins, which might be
attributed to the study area by untreated industrial activi-
ties and geogenic sources (Mohiuddin et al. 2011). In other
words, human activities, like industrial waste and chemicals
used in agriculture, are a big part of metal attribution and
a small part of geogenic influence (Shikazono et al. 2012;
Muhammad et al. 2011).

p-values among the analyzed
metal(loid) contents found in
different fish species
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Fig.4 Principal component 0.5 0.0 0.5
analysis (PCA) of the analyzed 2 . : : . =15
metal (loid)s contents along
with the observable component d
numbers
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Hierarchical cluster analysis (HCA) was employed to
identify the relationship between metal concentrations and
the observable variables (Hossain et al. 2018). In the current H.fossilis i
study, a two-way HCA heatmap was conducted following the M o
Ward linkage method associated with Euclidean distance, 220
depicted in Fig. 5. The horizontal portion denoted identified b ¥
metal(loid) content where fish species were presented in the P. atherinoides QOF |*}3
vertical segment. For metal(loid) content, As and Pb consti- I. fasciata 00
tuted cluster 1, and Cr and Cd were confined to cluster 2. On G. giuris 232
the other hand, S. phasa, G. chapra, and T. ilisha made up 0. pama
cluster 1; Cirrhinus reba, P. atherinoides, Trichogaster fas- Sl
ciata, G. giuris, and O. pama made up cluster 2; and Hetero- G. chapra
pneustes fossilis and Mystus vittatus. Our HCA observation o

was in line with our explored PCA, which recommended a
similar source of metal attribution in the current investigated
area. Moreover, the findings of HCA denote the more or less
similar accumulative characteristics of the metal contents in
the targeted specimens (Suseno et al. 2010).

Source identification

Along with natural sources, it is widely accepted that anthro-
pogenic actions such as As and Pb-containing agricultural
manure and chemical use and application, as well as wood
treatments containing copper arsenate, can be potential
active reasons for As and Pb attribution to a river basin (Fu
et al. 2014). The maximum concentration of As revealed that
the study area was significantly impacted by employing agri-
cultural chemicals and different wood treatments containing
this particular metal element. Moreover, the concentration of
Cr was increased in the study area due to the direct disposal
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Fig.5 Two-way dendrogram obtained from the hierarchical cluster
analysis (HCA), where metal(loid)s were displayed in the horizontal
position and fish specimens were exhibited in the vertical position

of untreated wastes from petroleum production, upstream
agricultural waste runoff, paint and inks, textile chemicals,
and so on (Ahmed et al. 2021; Rahman et al. 2012). Com-
mon approaches for attribution of Cd to the river system
included ostensible anthropogenic activities such as perfume
and plastic manufacturing and processing, electroplating,
and Cd-containing pesticides (Wang et al. 2015). However,
natural inflow from the upstream as well as natural endur-
ing corrosion from unknown sources cannot be denied for
Cd intrusion in the study area. After figuring out where the
metals are coming from, the metals will be controlled so
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that the environment of the river basin can improve. The
deteriorating water quality in terms of metal concentrations
results from human activities and natural sources (Wei et al.
2015). Arsenic, Cr, and Cd are used in various applications,
including electroplating, nickel-cadmium batteries, resid-
ual cadmium alloys, foils, lubricants, and fertilizers (Kubra
et al. 2022). Long-term use of fungicides, and algaecides,
reduces the amount of heavy metals that are released into
rivers during the processing of agricultural inputs (Ahmed
et al. 2019a). High Cd levels are seen in discharge wastes
from chemical plants and the battery sector (An et al. 2010).
Pb has a long history of use in the steel industry as an anti-
corrosive element (Abdollahi et al. 2013). According to
Kumar et al. (2021), boat and steamer engine exhaust and
oil leaks significantly impact the amount of Pb that enters
aquatic bodies.

Conclusions

The Rupsa River in Bangladesh, which is significant com-
mercially and is regularly contaminated by metal(loid)s, was
the subject of the current investigation. Toxic metal(loid)s
such as As, Cr, Cd, and Pb were investigated in 10 diverse
fish species collected from the Rupsha River of Bangladesh
in the summer and winter. Demersal fish, M. vittatus, were
found to have the highest levels of metal content both in the
summer and the winter. Fish species showed higher levels
of metal(loid)s throughout the winter than during the sum-
mer. However, none of the examined specimens were metal-
containing bio-accumulative species.

Most cases, especially As and Pb concentrations, sur-
passed some suggested national and international organiza-
tions. The statistical results revealed that metal concentration
in the fishes differed significantly, and that metal concentra-
tion distribution among the specimens was normally dis-
tributed. According to multivariate analysis, As—Pb, Cr—Pb,
and Cd-Pb all showed a strong positive significant connec-
tion. Meanwhile, the investigated PCA indicated that both
geogenic and anthropogenic processes were the origin of
the metal content. Our explored two-way HCA supported
the PCA results regarding the relationship among the metal
contents in the particular species. Because their THQ levels
were below the threshold limit (1), the evaluation of THQ
in both adults and children revealed that neither consumer
would experience the non-carcinogenic effect. The cumula-
tive CRs remained within the acceptable threshold (1E —6
to 1E —4) range, implying that the carcinogenic effect on
consumers was negligible. Children, however, were more
vulnerable than adults to both the carcinogenic and non-
carcinogenic effects. The trend of the current increasing rate
should be monitored by establishing some regulatory action
by local policymakers.
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