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Fish is a significant dietary staple rich in essential nutrients but can also be
contaminated with harmful substances, like heavy metals, from polluted
environments. This study examines the concentration of heavy metals,
specifically Cd, Pb, Cr, and Mn, in three fish species (Mozambique tilapia, Labeo
bata, and Puntius sarana) collected from the Rajshahi City Corporation area in
Bangladesh. The research involved collecting 36 fish samples from four locations
within Rajshahi and analyzing them using standard digestion and Atomic
Absorption Spectroscopy methods. The concentration ranges detected were
0.0104 to 1.2399 mg/kg for Cd, 0.6711 to 6.051 mg/kg for Pb, 0.0799 to 3.9084
mg/kg for Cr, and 0.1622 to 2.4685 mg/kg for Mn. Notably, 8.33% of samples for
Cd, 100% of samples for Pb, 100% for Cr and 0.0% for Mn exceeded the
permissible limits set by international guidelines, highlighting potential health
risks for consumers. Health risk assessments, including estimated daily intake,
target hazard quotient, carcinogenic risk, and hazard index, indicated significant
risks associated with consuming these fish. The hazard index of those fish species
was observed in the order of Labeo bata>Mozambique tilapia>Puntius sarana.
The study emphasizes the importance of regular monitoring and stringent
regulatory measures to mitigate the health impacts of heavy metal contamination
in fish. The findings suggest that while fish remain a vital nutritional resource, the
environmental contamination they are exposed to poses a severe public health
concern, necessitating comprehensive strategies for pollution control and food
safety.

1. Introduction

Worldwide environmental pollution is interpreted as a
multidimensional international threat to human health as it
interferes with the regular operations of the environment [1,
2]. There are numerous varieties of pollution, but one of the
predominant to be explored here, especially in emerging
nations, is water contamination [3]. Industrial sludge [4],
agricultural runoff [5], municipal wastewater [6], oil spills
[7], and stormwater runoff [8] are the vital sources of water
contamination. Water contaminants include chemical waste
[9], heavy metals [10], volatile organic compounds (VOCs)
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[1], food processing wastes [11], fertilizers and pesticides
[12], poisons generated by livestock operations [13] etc.
Heavy metal contamination brings about an abundance of
toxicities with adverse effects on aquatic faunal communities,
it is a significant threat to aquatic environments [14]. They
are environmental pollutants as well as food contaminants
categorized as substances with densities above 5 g/cm3.
Heavy metals mercury (Hg), lead (Pb), nickel (Ni), arsenic
(As), zinc (Zn), copper (Cu), tin (Sn) and cadmium (Cd) are
among the contaminants from the category of industrial
pollutants that are particularly hazardous to aquatic creatures
along with human health [15]. These substances participate in
a variety of biogeochemical cycles following entering the
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environment, and eventually, they might get bio-magnified
and bio-accumulated into the chain of food from lower levels
of trophic status to higher levels of trophic status [16]. Heavy
metals are complicated to manage because they are
chemically stable molecules and therefore non-
biodegradable, exhibit a propensity for accumulating in
sediments, and possess an extended period of half-life in the
environment. Bio-magnification and bioaccumulation in live
tissues, as well as the inability to eliminate organic
contaminants by precipitation, oxidation, or bioremediation,
prove certain elements of particular concern. These metals
are ultimately disposed of in aquatic environments,
particularly rivers and the sea. Even minor modifications in
the condition of the environment, such as its physical and
chemical characteristics, may possess an adverse effect on
fish, which are particularly susceptible to these
modifications, on their typical physiology [17]. Due to the
incredible propensity of their tissue to store contaminants
such as heavy metals and other organic compounds, in
aquatic ecosystems fish are at the highest level of the trophic
pyramid, which are regarded as being strong bio-indicators.
Water contamination from a variety of places with heavy
metal contaminants inevitably leads to the biological
accumulation of carcinogenic metals in fish muscle [18].

Fish is a predominant indispensable food in our everyday
diets because of their amazing nutritional attributes
(vitamins, high-quality proteins, and essential omega-3 fatty
acids) and adequate dietary properties. In response to this,
fish manufacturing and consumption are expanding
continuously on a worldwide scale. By 2029, it is anticipated
that worldwide fish output will increase from one hundred
seventy-six Mt in the base period to 200 Mt, according to
predictions, the amount of fish consumed worldwide will
increase by 16.3%, or 25 Mt, to 180 Mt. [19]. Over the past
thirty years, the total quantity of fish produced in Bangladesh
has jumped by almost six times (7.54 lakh MT in 1983-1984
to 46.21 lakh MT in 2020-2021). Around 3.57% of the
nation's GDP and 26.50% of agricultural GDP in 2020-2021
were provided by the fishing and aquaculture sector [20]. The
absorption of heavy metals in their body is more intense
throughout several fish organs, including the gill, skin, GIT,
digestive tract, muscle, and bones or they could consume
these elements directly from the water. Eventually,
these metals exhibit carcinogenic  and  non-carcinogenic
impacts on human beings [20-24]. The vast majority of the
heavy metals that gather in the aquatic system originated
from anthropogenic activity, including farming, landfill
erosion, embarking and docking, domestic discharges,
pharmaceutical waste products and industrial wastes, and
some specific natural processes [14, 25, 26]. Metal pollution
is also significantly influenced by smelting processes,
mineral extraction, and other industrial operations
incorporating metal [27]. while producing fish, people use
numerous types of fish feeds and water sources. They also
serve as a major source of pollution, more particularly heavy
metal contamination [28]. Since metalloid compounds
frequently form covalent bonds, this characteristic is
responsible for their extremely toxic properties. Covalent
bonds between heavy metals and organic groups can result in
the formation of lipophilic compounds or ions [29], and their
lipophilic character, which allows them to pass through the
membrane. By interacting with cell organelles, these metallic
compounds exhibit harmful consequences [30]. Metal
poisoning in humans has been linked to a wide range of
health issues, especially damage to the kidneys and skeleton,
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neuropathy, endocrine disturbance, heart problems, and
malignancies [31, 32].

This study focuses on assessing the levels of heavy metal
contamination in three commonly consumed fish species, viz.
Mozambique tilapia (Oreochromis mossambicus), Labeo
bata, and Olive barb (Puntius sarana) sourced from the
Rajshahi City Corporation area in Bangladesh. By analyzing
the concentrations of Cd, Pb, Cr, and Mn in these fish, this
research aims to evaluate the potential health risks posed to
consumers. Our findings underscore the necessity for
continuous monitoring and stringent regulatory measures to
safeguard public health against the dangers of heavy metal
exposure through fish consumption. This study not only
highlights the pressing issue of heavy metal contamination of
fish in Bangladesh but also contributes to the broader
discourse on environmental health and food safety globally.

2. Materials and Methods

2.1. Study area and sample collection

Bangladesh, a country in South Asia, is located above the
Bay of Bengal in the northwest region of the Indian
subcontinent between latitude 20°34' and longitude 26°38' N
and 88°01' and 92°41' E. The research area is spread over
four Rajshahi City Corporation (RCC) locations. RCC is
positioned around 270 kilometres from the capital
of Bangladesh, Dhaka. The research region is bordered by the
busy highway connecting Rajshahi with Dhaka and other
parts of the nation. The study area is around 4.5
kilometres long. Fish samples from this region were gathered
for assessment. The Rajshahi and neighbouring districts are
easily accessible by train and the national highway from the
study area. Also, well-developed the study area are the
communication systems. Therefore, it is not difficult to
access this area. The sample identification numbers are given
in Table 1. The research area's map, which shows the sample
location, is displayed in Fig. 1.

2.2 Sample collection and preparation

Three fish species of Mozambique tilapia (Oreochromis
mossambicus), Labeo bata, and Olive barb (Puntius sarana)
which are highly consumed in the locality were collected
from four different places of RCC namely: Binodpur,
Meherchondi, Katakhali and Saheb Bazar. 36 individuals of 3
(Three) fish species were gathered and bagged in polythene
and transferred to the Environmental and Pollution Studies
Laboratory (EPSL), Department of Applied Chemistry and
Chemical Engineering, University of Rajshahi, Rajshahi,
Bangladesh.

Samples were rinsed with clean water to eliminate any
fouling materials or other dirt as soon as they arrived at the
lab. The muscle tissue from each sample was then extracted
and fragmented using a steam-cleaned knife. The surplus
water was then removed from the muscular tissues by air
drying them after being cleansed with deionized water. Then
200g of test pieces were homogenised in a food processor
and kept at -20 °C. Metal content was given as milligrams
per kilogramme of fresh fish's wet weight.

Table 1: Sample Identification

Geographical Fish

location

Sample
identification no.
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2.3. Sample digestion

For each digestion, 0.4 grams of oven dried powder sample
was taken into the platinum crucible. Then, 6 ml 70% HNOs,
2 ml 70% HCIOy, and 10 ml 48% HF were introduced. The
crucible was then covered with material that reached
approximately 9/10 of the top of the lid, and it was heated on
a plate at around 200C until the liquid was completely
evaporated. After cooling, 10 ml of 6N HCl was added,
and then double-distilled water was added to fill the crucible
halfway. Once again placed on the hot plate, the crucible was
gently cooked for 10 minutes. After complete dissolution, by
using a filter paper the solutions were purified. Then it was
diluted by adding deionized water and filled up to 100 ml.
After that, they were prepared for atomic absorption
spectroscopy (AAS) analysis.
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Figure 1. Samples collection area

2.4 Health risk assessment

2.4.1 Estimated daily intake (EDI)
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Basically, the assessment of potential threats to human health
is being implemented owing to the ingestion of metals
detected in food [33]. The daily intake of metals was
estimated based on the concentration (mg/kg) of each fish
species [34]. The EDI of the intended heavy metals were
calculated by following equation (Eq.) 1:
DixMc

TBwW

EDI = (1)

Here, Di is the rate of fish consumption (g/person/day), Mc is
the heavy metal content in freshwater fish species (mg/kg)
and BW is the body weight of an adult person in kilograms
[35]. On average children consume 52.5 g of fish per day,
whereas adults consume 55.5 g per day [36]. According to
USEPA (2019), the default body weight (BW) of an adult
male and female is 70 kg and 64 kg respectively [37].

2.4.2 Non-carcinogenic risk

Non-carcinogenic risks based on the U.S. Environmental
Protection Agency (USEPA) was Calculated using the target
hazard quotient (THQ) [38]. THQ could be calculated by
using the following Eq. 2 [35],

EprXEdXFpXC
RfDXBWxXATn

THQ = 1073 )

Another simplified formula for estimating the THQ value
[39],

EDI
THQ = Rf_D

A3)

Where, EDI is the estimated daily intake that has been
calculated earlier. RfD indicates the oral reference dose, for
Cd, Pb, Cr and Mn the values are 0.001, 0.0035, 0.003 and
0.14 mg/kg-day [34].

Where, Err is the frequency of exposure (365 days/year); Ed
is the average lifetime exposure of 70 years; Fr stands for
the rate of food consumption (g/day); Concentration of heavy
metals present in each group of fish species is denoted by C
(ng/g); BW stands for average body weight for an adult (60
kg); ATn refers to the average exposure duration for non-
carcinogens (365 days/year x number of exposure years) [40,
41].

If the THQ< 1, it indicates the exposure level is less than the
RfD. Thus it demonstrates that lifetime adverse consequences
from daily exposure at this level are unlikely to have an
impact. Whereas if it rises >1, that could be an imminent
threat to your health. Standard suppositions from the
integrated USEPA risk study were used to calculate the
dosage [35]. With increase of THQ value, the hazardous risk
to the human body increases [42].

2.4.3 Carcinogenic risk (CR)

When someone is exposed to a possible carcinogen, their
increased lifetime chance of developing cancer is known as
their carcinogenic risk [43]. According to the following
equation, the cancer slope factor was used to calculate the CR
over a lifetime of heavy metal exposure [44].

EFXEDXIRXCFXCSF
BWXATn

CR = x 1073 4
Where, CSF stands for cancer slope factor (mg/kg/day), and
the other variables have already been established. A lifetime
CR of 10 was deemed acceptable by the US Environmental
Protection Agency [45].

CR can also be determined by multiplying the carcinogenic
potency slope value (CSF) of the heavy metal by its EDI

[35].
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CR = CSF X EDI )

The permissible limit for lifetime exposure to carcinogens
was defined at between 10 and 10 (the risk of acquiring
cancer during a lifetime is 1 in 10,000 to 1 in 1,000,000)
[46]. When CR levels are greater than 10, the likelihood
that someone will get cancer is greater than 1 in 100,000 [36,
47].

2.4.4 Hazard index (HI)

The HI was utilized to measure the possible danger
associated with combined or interacting effects brought on by
the presence of all heavy metals in the fish under study [48].
HI is calculated by adding together each computed THQ
value for each of the individual components.

HI = Y™, THQi (6)

Where, THQi is the target hazard quotient of a single
element; n—the number of examined elements (in the present
study n = 4) [49].

When the value of HI>1, there might be a concern for
potential health effects [43].

2.5 Statistical analysis

The SPSS statistical program, version 18, was used to
conduct the statistical analysis. Standard deviation (SD) was
used to express all values. A level of p < 0.05 was used to
indicate significant differences among the samples.

2. Results and Discussion:

Though fish is one of the major sources of protein and is
commonly consumed food by the people of Bangladesh, it is
quite an appropriate source to analyze health risk assessment
of heavy metals. The concentrations of Cd, Pb, Cr and Mn in
the fish samples have been measured shown in Table 2 and
graphically presented in Fig. 2, 3, 4 & 5. Every evaluated
data set has been compared with the allowable limit (Table
3).

Table 2: Total metal concentrations (mg/kg, dry weight) in
fish samples
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Figure 2. Cd concentrations. Superscript ‘a’ letter in each
column means a significant difference at p<0.05.
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Figure 3. Pb concentrations. Superscript ‘a’ letter in each
column means a significant difference at p<(.05.

idelsliilttllgfion Cd Pb Cr Mn

No. (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
Bn-M 0.0261* | 1.5822* | 1.0959* | 1.2883%
Bn-B 0.0447° | 0.3032* | 2.0539* | 0.8897*
Bn-S 0.0389¢ | 1.3367* | 2.9052* | 1.1487*
Me-M 0.0255* | 1.8582* | 1.2888* | 1.3263%
Me-B 0.0396° | 4.7812* | 2.4321* | 1.2138®
Me-S 0.0191* | 1.1925* | 1.0255* | 1.4680?
Ka-M 0.0181® | 1.5105* | 3.1414* | 1.1490°
Ka-B 1.1083* | 1.9471* | 13653 | 1.6245°
Ka-S 0.0197° | 1.4310° | 1.3653* | 1.5444°
Sh-M 0.0279° | 0.9823* | 3.1125* | 1.4243°
Sh-B 0.0598* | 1.7165* | 0.9864* | 0.8836°
Sh-S 0.0478 | 2.3513* | 2.3633* | 0.9586°

Superscript ‘a’ letter in each column means a significant
difference at p<0.05. The SPSS analysis is carried out in
IBM SPSS software.
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Figure 5. Mn concentrations. Superscript ‘a’ letter in each
column means a significant difference at p<0.05.

Table 3: Permissible limits of heavy metals according to
regulators

Organization | Name of the Maximum Reference
Name metal Permissible
Limit (mg/kg
WW)
World Health Cd 0.05 [50]
Organization
(WHO) Pb 0.3
European Cd 0.5 [51]
Union (EU) Pb 0.3
Cr 0.5
Mn 1.0
Food and Drug Cd 0.1 [52]
Administration Pb 0.15
(FDA)
Food and Cd 0.25 [53]
Agriculture Pb 0.3
Organization Cr 0.1-1.0
(FAO) Mn 2.0

The World Health Organization (WHO) has established
guidelines for the maximum levels of cadmium, lead,
chromium, and manganese in fish. According to the WHO,
the maximum level of cadmium in fish muscle tissue should
not exceed 0.05 mg/kg WW, while the maximum level of
lead is 0.3 mg/kg WW. The WHO has not established
specific limits for chromium and manganese in fish. [50]. In
the European Union (EU), the maximum levels of cadmium,
lead, chromium, and manganese in certain fish species are set
by Regulation (EC) No 1881/2006. For example, the
maximum level of cadmium in certain fish species is 0.5
mg/kg wet weight (WW), while the maximum level of lead is
0.3 mg/kg WW. The maximum levels for chromium and
manganese vary depending on the fish species. The
maximum level of chromium for all fish species is 0.5 mg/kg
WW and 1.0 mg/kg WW for manganese [51], and in the
United States, the Food and Drug Administration (FDA) has
established maximum levels for cadmium, lead, and mercury
in fish. For example, the maximum level of cadmium in fish
is 0.1 mg/kg WW for most species, while the maximum level
of lead is 0.15 mg/kg WW. The FDA also has not established
specific limits for chromium and manganese in fish. [52]. In
https://doi.org/10.62275/josep.24.1000008
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addition, according to FAO (Food and Agriculture
Organization), in Bangladesh, the maximum permissible
level of Cd was 0.25 mg/kg, and that for Pb, Cr, Mn was 0.3 ,
0.1-1.0, 2.0 mg/kg wet weight (WW) respectively [54].

Cd contents in the fish samples ranged from 0.0181 to 1.1083
mg/kg (Table 2). Here the maximum amount (1.1083 mg/kg)
of Cd is found in Labeo bata fish (sample no Ka-B) at the
Katakhali region, while the minimum amount (0.0181 mg/kg)
of this metal is in Mozambique tilapia fish (sample no Ka-
M) at the same location. Present results indicate that the Cd
concentration in 91.67% of fish samples lies within the safe
level (0.25 mg/kg) [53].

Heba et al. (2023) estimated Cd content in muscles of five
freshwater fish species from Manzalah Lake (Egypt) and they
recorded 1.4 p/g (wet weight) Cd in C. gariepinus, 1.361/g
in S. galilaeus, 1.34u/gin T. zillii, 1.32n/g in O. niloticus
and 1.19u/g in O. aureus [49]. According to Mielcarek et al.
(2020), the levels of Cd in freshwater fish species from
Poland, specifically smoked fish products, ranged from 0.02
to 97.0 pg/kg [54]. According to Jarosz-Krzeminska et al.
(2021), the muscle of Mozambique tilapia zillii that lives in
the Elemi River in Ado-Ekiti has an estimated 60.0 pg/kg of
Cd in smoked rainbow trout from a Polish fish farm [55].

The concentrations of Pb in the fish samples varied from
0.3032 to 4.7812 mg/kg (Table 2). The highest content is
found in Mozambique tilapia (sample no Me-B) at the
Katakhali area, while for lowest content is found at the
Binodpur area in Labeo bata fish (sample no Bn-B). But
from the following investigation, it has been indicated that Pb
concentration in 100% fish samples exceeded the maximum
permissible limit for Pb (0.3mg/kg)[53].

Mabhjoub et al. (2021) determined heavy metal content in fish
muscles from the Mechrad-Hammadi Dam in Morocco and
found Pb content ranged from 0.034-0.074 mg/kg of wet
weight in E. Lucius, 0.045-0.087 mg/kg in S. lucioperca,
0.017-0.043 mg/kg in M. salmoides, 0.051-0.115 mg/kg in
L. macrochirus and 0.049-0.106 mgkg in S
erythrophthalmus [56]. Ahmad Razali Ishak et al. (2020)
estimated Pb in Mozambique tilapia fish (Oreochromis
niloticus) from selected areas in Kuala Lumpur. The highest
concentrations of Pb were detected in the gills
(0.151 £0.12 mg/g) followed by bones (0.108 + 0.09 mg/g)
and the least in muscle tissues (0.078 +0.05 mg/g) [57].
Djedjibegovic et al. (2020) estimated Pb content in Blue
musse (0.161 +0.072 mg/kg wet weight), Black tiger shrimp
(90.014£0.008 mg/kg), Atlantic mackerel (0.007+0.005
mg/kg) [58].

Cr concentration in these fish samples is found from 1.0255
to 3.1414 mg/kg (Table 2), where the maximum
concentration is sample no Ka-M in Mozambique tilapia at
the Katakhali region and the minimal one is sample no Me-S
in Puntius sarana at Meherchondi. From the above
investigation, 100% of the sample exceeds the permissible
limit (1 mg/kg) [53]. Accumulating at a huge amount of Cr
may cause carcinogenic effects to the consumers.

Pradip et al. (2019) found the Cr concentration among the
most consumable seven fishes (Cirrhinusmrigala,
Cirrhinusreba, Catla catla, Lebio rohita, Crossocheiluslatius,
Clupisomagarua, and Mystustengara) tissues ranged from
0.28+£0.03 to 1.74 + 0.31 mg/kg in river Ganga [59]. Aminul
et al. 2018 quantified the amount of Cr in the six available
fish species (Mastacembelus armatus, Channa punctatus,
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Puntius puntio, Mystusvittatus, Metapenaeus spinulatus and
Amblyceps mangois) ranging from 0.006-0.159 mg/kg at
Dhaleshwari River, Tangail, Bangladesh [60]. Nyantakyi et
al. 2021 found 16.10 £ 0.2 mg/kg Cr concentration in Clarias
gariepinus and 57.9+4.2 mg/kg in Sarotherodongalilacus
[61].

Lastly, the content of manganese (Mn) varied from 0.8897 to
1.6245 mg/kg (Table 2), in this case, the maximum content is
1.6245 mg/kg (sample no Ka-B) in Labeo bata at Katakhali
region and for minimum one it is 0.8897 mg/kg (sample no
Bn-B) in Labeo bata fish at Binodpur. According to this
study, 100% of the sample lie in between the permissible
limit (2mg/kg) [53]. So, they may not be able to cause
toxicity to our health.

Safiur et al. estimated the content of Mn in five commercially
important marine fishes (i.e.Sillaginopsispanijus,
Trichiuruslepturus, Harpadonnehereus, Rita rita and
Coiliadussumieri) ranged from 14.54 to 18.45 mg/ kg (dry
weight basis) [62]. Mohammad Belal et al. 2022 estimated
heavy metals in 15 types of commonly consumed fish
muscles and found 6.637 mg/kg of Mn from the Lower
Meghna River and Adjacent Areas of Bangladesh by using
the method called Energy Dispersive X-ray Fluorescence
(EDXRF) [63]. A Hossain et al. 2016 found 17.842 mg/kg
Mn in fish (O. niloticus) flesh and 50.317 mg/kg in fish (A.
testudineus) liver in different fish markets of Dhaka city,
Bangladesh [64].

For the health risk assessment, the EDI, THQ, CSF, and CR
values are tabulated in Table 4. The average THQ and HI
values are given in Table 5. The result found that only the
Labeo bata fish from two specific regions (Ka-B and Me-B)
have THQ values greater than 1, indicating an imminent
health threat. The rest of the fishes have a safe range of THQ
values that is less than 1, as per USEPA risk study [35].

For the CR value of Cd metal 91.67% of the sample lies
between 10 to 10 except for the sample Ka-B, Which
might have significant health impact. Whereas for the metal
concentration of Pb 100% of the samples CR value is within
the permissible limit of 10 to 10°. But in case of Cr we
have a complete opposite scenario where 100% of the
samples CR value exceeds the permissible limit ranging from
9.49 X 107*t0 1.45x 103  which  shows significant
carcinogenic risk for the consumption of these contaminated
fish. As there is no CSF value available for Mn so it is not
possible to assess the CR value for this metal.

After investigating all the metals concentration in three fish
species we have the value of HI greater than 1 for 100% of
the fish species. Where HI for Labeo bata being the highest
of 1.4024 and lowest 1.0448 for Puntius sarana.
Consumption of these fish species impose a significant
hazard threat in human health.

Table 4: The EDI, THQ, CSF and CR values

Metal Sﬁple EDI THQ CSF CR
Bn-M | 2.41E-5 | 0.0241 | 1.3 3.13E-5
cq | BnB | 413E5 00413 |13 5.37E-5
Bn-S 3.59E-5 | 0.0359 | 1.3 4.67E-5
Me-M | 2.35E-5 | 0.0235 | 1.3 3.06E-5
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Me-B 3.66E-5 | 0.0366 1.3 4.76E-5
Me-S 1.76E-5 | 0.0176 1.3 2.29E-5
Ka-M 1.67E-5 | 0.0167 1.3 2.17E-5
Ka-B 1.02E-3 | 1.0251 1.3 1.33E-3
Ka-S 1.82E-5 | 0.0182 1.3 2.36E-5
Sh-M 2.58E-5 | 0.0258 1.3 3.35E-5
Sh-B 5.53E-5 | 0.0553 1.3 7.19E-5
Sh-S 4.42E-5 | 0.0442 1.3 5.74E-5
Bn-M 1.46E-3 | 0.4181 0.0085 | 1.24E-5
Bn-B 2.80E-4 | 0.0801 0.0085 | 2.38E-6
Bn-S 1.23E-3 | 0.3532 0.0085 | 1.05E-5
Me-M 1.71E-3 | 0.4910 0.0085 | 1.46E-5
Me-B 442E-3 | 1.2636 0.0085 | 3.75E-5
Pb Me-S 1.10E-3 | 0.3151 0.0085 | 9.37E-6
Ka-M 1.39E-3 | 0.3992 0.0085 | 1.18E-5
Ka-B 1.80E-3 | 0.5145 0.0085 | 1.53E-5
Ka-S 1.32E-3 | 0.3781 0.0085 | 1.12E-5
Sh-M 9.08E-4 | 0.2596 0.0085 | 7.72E-6
Sh-B 1.58E-3 | 0.4536 0.0085 | 1.34E-5
Sh-S 2.17E-3 | 0.6214 0.0085 | 1.84E-5
Bn-M 1.01E-3 | 0.3379 0.5 5.06E-4
Bn-B 1.89E-3 | 0.6332 0.5 9.49E-4
Bn-S 2.68E-3 | 0.8957 0.5 1.34E-3
Me-M 1.19E-3 | 0.3973 0.5 5.96E-4
Me-B 2.24E-3 | 0.7498 0.5 1.12E-3
Me-S 9.48E-4 | 0.3160 0.5 4.74E-4
' KaM | 290E3 | 09685 | 05 1.45E-3
Ka-B 1.26E-3 | 0.4209 0.5 6.31E-4
Ka-S 1.26E-3 | 0.4209 0.5 6.31E-4
Sh-M 2.87E-3 | 0.9596 0.5 1.43E-3
Sh-B 9.12E-4 | 0.3041 0.5 4.56E-4
Sh-S 2.18E-3 | 0.7286 0.5 1.09E-3
Bn-M 1.19E-3 | 0.0085 _ _
Bn-B 8.22E-4 | 0.0058 _ _
Bn-S 1.06E-3 | 0.0075 _ _
Me-M 1.22E-3 | 0.0087 _ _
Me-B 1.18E-3 | 0.0084 _ _
Mn Me-S 1.35E-3 | 0.0096 _ _
Ka-M 1.06E-3 | 0.0075 _ _
Ka-B 1.50E-3 | 0.0107 _ _
Ka-S 1.42E-3 | 0.0102 _ _
Sh-M 1.31E-3 | 0.0094 _ _
Sh-B 8.17E-4 | 0.0058 _ _
Sh-S 8.86E-4 | 0.0063 _ _
Table 5: Hazard Index (HI)
Name of Average value of THQ HI
the fish
Cd Pb Cr Mn
Mozamb | 0.0225 | 0.3920 | 0.6658 0.0085 1.0890
ique
tilapia
Shahriar et al.




Labeo | 0.2896 | 0.5779 | 0.5270 0.0077 1.4024
bata
Puntius | 0.0290 | 0.4170 | 0.5903 0.0084 1.0448
sarana

3. Conclusion

The study underscores the alarming levels of heavy metal
contamination in fish from the Rajshahi City Corporation
area, which poses a considerable health risk to the local
population. The detected concentrations of Cd, Pb, Cr, and
Mn in the fish samples frequently surpassed the limits
recommended by global health organizations, highlighting a
pressing need for regulatory action. The accumulation order
of metals was Pb > Cd > Mn > Cr. The health risk
assessments, including the EDI, THQ, CR, and HI,
collectively suggest that prolonged consumption of these fish
could lead to serious health issues, both carcinogenic and
non-carcinogenic. This research calls for urgent intervention
to control pollution sources and protect aquatic ecosystems,
as well as public health. Enhanced monitoring and strict
enforcement of environmental regulations are crucial to
reducing the contamination levels in fish and ensuring the
safety of food supplies. Additionally, raising awareness
among consumers about the potential risks associated with
heavy metal exposure from fish is essential. Moving forward,
there is a need for integrated approaches combining pollution
prevention, fishery management, and public health strategies
to address and mitigate the impact of heavy metal
contamination in aquatic environments.
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