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Abstract

The present investigation was conducted with a view to evaluating heavy metal contamination of four selected fish species
(Labeo rohita, Catla catla, Cirrhinus cirrhosus, and Hypophthalmichthys molitrix) and the potential health risks of its
consumers in Rajshahi, Bangladesh. Twenty-one feed samples and eighty-four fish specimens were collected from seven
different farms scattered across the Rajshahi district and subsequent screening of heavy metal was conducted through atomic
absorption spectrophotometer (AAS). The heavy metal concentration of Pb, Co, Cr, Cd and Ni was found beyond the
permissible limits in fish feed and raw fish with a strong correlative association of heavy metals between them. Metal pollution
index revealed that C. cirrhosus was the most polluted species while L. rohita was the least. Health risk assessment was
conducted by evaluating estimated daily intake (EDI), health risk index (HRI), target hazard quotient (THQ), hazard index (HI)
and target carcinogenic risk (TR). EDI of metal was higher in children, and according to HRI, they were at two to three times
more risk compared to the adults. THQ of all the heavy metals across the selected species was found to be less than 1
demonstrating the absence of non-carcinogenic hazard for individual heavy metal intake. However, HI values indicated that the
cumulative effect of those heavy metals might impart some degree of non-carcinogenic effect over lifelong exposure. TR values
suggested that the carcinogenic effect of Pb remained negligible while Cr, Cd and Ni had low to moderate risk of developing

cancer with a greater probability of its occurrence in women than men.
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1. Introduction

Aquaculture has played an integral part in the recent
economic development of Bangladesh. Owing to the
expanding aquaculture operation in concurrent times,
Bangladesh has become self-sufficient in producing fish
and met its required per capita consumption rate
(Shamsuzzaman et al., 2020). Providing for the livelihoods
of millions of people, fish is Bangladesh's second-most
crucial agricultural commodity (Mannan et al., 2018). It is
also one of the principal sources of animal protein and
micronutrients and plays an important role in assuring
nationwide nutritional security (DoF, 2020). However,
intense fish farming has presented a number of concerns
regarding environmental impact and human health hazards
for consumers (Cole et al., 2009). Pollution caused by
heavy metals is a widely acknowledged concern that poses
serious health risks for humans and animals. Heavy metals
have become more prevalent in the environment in recent
years in comparison to their natural abundance
(Tchounwou et al., 2014). This predicament has emerged
due to fast population growth, growing urbanization,
increased industrialization, discovery and extraction of
environmental resources, the spread of other contemporary
agrarian methods, and the absence of environmental
policies and regulations (Mannan et al., 2018). Fishes are

" Corresponding author. e-mail: : mratan1980@gmail.com.

aquatic inhabitants who can absorb heavy metals from
various sources like food, water, and bottom sediments
(Ayas et al., 2007). It is well-acknowledged that fish feed
is the most significant source of heavy metal
contamination in aquaculture systems (Anhwange et al.,
2012). Along with various plant-based feed ingredients,
solid tannery wastes are being used during fish feed
manufacturing in Bangladesh, which acts as a prominent
source of harmful heavy metals (Hossain et al., 2007). As
a result, both naturally occurring and anthropogenic
origins are exerting an impact on the surrounding aquatic
systems, causing environmental destruction (Ogundele and
Ayeku, 2020). The accumulation of heavy metals in the
human body through diet is associated with a wide range
of health complications (Jaishankar et al., 2014). Metals
discharged in the aquatic systems may find their way
within the food web due to biomagnification and have
carcinogenic and other negative implications (Malik et al.,
2009). Trace elements are required for humans in minute
quantities, but on the contrary heavy metals are
carcinogenic or poisonous, damaging the neurological and
osmoregulatory system, as well as the skin, bones, and
teeth (Bhattacharya et al., 2007). Certain heavy metals
have consistently exhibited detrimental effects on neural
development of children in many scientific studies (Heng
et al., 2022). In the Rajshahi district, intensive to semi-
intensive carp polyculture is widely practiced for its high
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profitability and market demand. The fish farms in
Rajshahi largely contribute to the nationwide supply of
animal protein. There is reason to be concerned over the
possibility of heavy metals being concentrated in fish
raised in captivity to levels that are high enough to be
potentially hazardous to human health. As a result, the
current investigation was carried out to measure the
concentrations of potentially harmful heavy metals found
in fish feed and farmed fish, as well as to determine
the extent of any associated risks to human health.

2. Methodology

2.1. Study Duration, Site, and Sample Collection

The investigation was performed over the course of one
year, from March 2019 to February 2020. Fish feed and
raw fish specimens were obtained from seven distinct fish
farms located at the Gholharia, Parila Bazar, Naohata, and
Paba under Paba Upazila, Mougachi under Mohanpur
Upazila and Matikata under Godagari Upazila of Rajshahi
district (Figure 1) as these regions were the top
contributors to fish production of the region (DoF, 2019).
Available secondary data also suggested that Labeo rohita,
Catla Catla, Cirrhinus cirrhosus and Hypophthalmichthys

80 200E BE"30TE BEAFTE

89500

© 2023 Jordan Journal of Biological Sciences. All rights reserved - Volume 16, Number 3

molitrix were the top most produced fish species in the
studied district (DoF, 2019), which led to the selection of
these species for sampling and subsequent analysis for
heavy metals. For the assessment of heavy metals, a total
of eighty-four fish samples and twenty-one fish feed
samples were analyzed. A culture duration of at least one
year from fingerling stocking and a weight range of 1.5 to
2.5 kg were established as the selection criteria for
collecting fish samples from polyculture systems in which
all fish species were concurrently raised. Three live
specimens of each species were collected from each of the
seven ponds that met the selection criteria for sampling
(Table 1). All the fish farms used commercial fish feeds
for rearing purposes and seven different feed samples,
each with three replicates, were also collected from the
respective farms to determine their levels of heavy metals.

Table 1. Mean weight and sample size of the studied fish
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Figure 1. Locations of sample collection

2.2. Sample Preparation and Digestion

The collected feed samples were desiccated in a hot air
oven and then stored at normal temperature. After the
collection of fish specimens from the study ponds, they
were washed with deionized water and weighed and
following the removal of the fish's skin, the muscle was
removed with a knife. For further laboratory analysis, the
materials were fragmented, homogenized, placed in
polybags, and chilled at 4°C. The preserved fish muscle
was heated in an oven at 120°C for 48 hours. The samples
were then cooled in a desiccator and consequently
powdered and homogenized using a grinder machine.
Finally, the powdered sample was placed in a dry plastic
bottle that had been previously cleaned, and it was
desiccated for 24 hours before further investigation. The
digested feed and fish samples were analyzed
quantitatively for heavy metals. Each sample was held in a

separate crucible in a muffle furnace at 600°C to obtain
ash. After six hours in the muffle furnace, samples were
removed, cooled, and combined with 20 ml of 1N HCI
acid and enough distilled water to make 100 ml of solution
in a 500 ml beaker. A filter paper was used to remove any
solids from this solution.

2.3. Determination of Heavy Metal Concentrations

The heavy metal concentrations of lead (Pb), cobalt
(Co), chromium (Cr), cadmium (Cd), and nickel (Ni) from
digested feed and raw fish samples were determined in the
central lab of the University of Rajshahi. A flame atomic
absorption spectrophotometer with acetylene gas and air
serving as the instrument's fuel, and oxidizer, was used to
determine the concentrations of heavy metals found in the
collected samples. The metal concentrations in digested
samples were measured using calibration curves produced
from standard solutions after they were aspirated into
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the air acetylene flame. Each measurement was carried out
using the mean of three replicate samples. The absorption
wavelengths and detections thresholds were 217.0 nm and
0.001ppm for Pb, 247.7nm and 0.02 ppm for Co, 357.9 nm
and 0.01 ppm for Cr, 228.8 nm and 0.002 ppm for Cd, and
2320 nm and 0.01 ppm for Ni. Blinding of the
experimenter was ensured by labelling the samples with
unique codes to prevent any observation bias.

2.4. Calibration of the Instrument

Establishing a connection between the signal response
and a predetermined set of standards is necessary for
calibration. In atomic absorption spectrometry, the terms
"standards” and "working standards" denote the creation of
a set of liquid solutions with different concentrations of the
target analyst. Quantifying the signals for a number of
solutions with known standard concentrations yielded an
appropriate measurement graph. Then, by exposing the
instrument to a solution with an unknown concentration, a
signal was generated that could be decoded from the
graph, allowing the element concentrations in the sample
solution to be calculated. The specific amount of each
metal present in feed and fish samples was calculated
using the following formula.

Actual concentration of metal in sample (mg/kg) = R x dilution factor
Where R = AAS Reading of digest

Dilution Factor = Volume of digest used/ Weight of digested
sample.

2.5. Health Risk Assessment

The human health risk assessment from consuming the
selected fish species in this study was conducted using the
following methods.

2.5.1. Metal Pollution Index (MPI)

The metal pollution index (MPI) was used to express
the cumulative heavy metal concentration in raw fish and
was calculated as a geometric mean using the following
equation (Usero et al., 1997).

MPI % — —2/(cf 1xcf 2xcf 3x... xcfn)
g

Here, Cfn = the quantity of each heavy metal in sample "n" in mg
per kg.

2.5.2. Daily Intake of Metal (DIM)

The following equation by Islam et al. (2017) was
implied to estimate the daily exposure to heavy metals
through the consumption of the selected fish species in
human individuals (adults and children).

DIM = EM xFIRxK

mean

Here, CM is the metal content in fishes (mg/kg), FIR is the
average daily fish consumption rate measuring
62.58g/persons/day (DoF, 2020), B e is the average body weight
measuring 52.3 kg for adults (WHO, 2011) and 19.15 kg for
children of the age group 5-10 (Ferdous et al., 2015). The dry
weight of fish samples was converted to fresh weight using the
estimated conversion factor K= 0.249 based on the average
moisture levels of the fish samples.

2.5.3. Health Risk Index (HRI)

The health risk index (HRI) is an indicator that
compares the daily intake of a particular substance to its
recommended daily dose (Rfp) and is expressed as their

ratio. Rfp is an estimate of the daily oral exposure to the
human population that is anticipated to not exert any
substantial risk of adverse effects over the course of their
lifetimes (USEPA-IRIS, 2006). The values of Rfp for Pb,
Co, Cr, Cd and Ni are presented in Table 2. The HRI for
human adults and children due to consumption of the
studied fish containing heavy metals was calculated using

the following equation (Cui et al., 2004).
DIM
Rfp

HRI =

An HRI > 1 indicates the possible detrimental effect of that
component on human health.

2.5.4. Non-carcinogenic Health Effect

Using the following equation provided by USEPA
(2011), the target hazard quotient (THQ) was derived to
estimate the potential non-carcinogenic health risks
associated with the consumption of heavy metal
contaminated fish in adult men and women.

EF xEDx FIRxCF xCM
WAB x ATn x Rfg

THQ = x1073

Here, EF = frequency of exposure in days (365 days), ED = the
exposure duration, which is the estimated life expectancy of 71.2
years for men and 74.5 years for women in Bangladesh (BBS,
2020), WAB = the average body weight which is 55.2 kg for adult
men and 49.8 kg for adult women in Bangladesh (WHO, 2011).
ATn = the average exposure duration for non-carcinogens
(EFXED) as used in depicting non-carcinogenic risk (USEPA,
2011). The remaining parameters are described earlier.

Food substances are usually polluted with more than
one heavy metal and estimation of hazard index (HI) is a
holistic method to quantify the degree of non-carcinogenic
risk. It is expressed through the following equation as the
summation of THQ of all heavy metals (n) present in a fish
sample (USEPA, 2011).

Zn:THQ
i=1

The maximum acceptable limit for both THQ and HI index is 1,
and values beyond this limit are considered to be unsafe for
humans (USEPA, 2011).

2.5.5. Carcinogenic Health Effect

Target cancer risk (TR) was determined in order to
assess the carcinogenic risk to adult men and women
posed by the lifelong ingestion of the studied fish species
in accordance with the model proposed by the USEPA
(2011).

Tho EF xEDxFIRxCF xCM xCPSoXlO_g
WAB x ATc

Here, ATc = the average exposure time for carcinogens (EFXED),
and CPSo is the carcinogenic potency slope. TR categories are
described as if TR < 10 = Low; 10* to 10° = moderate; 10 to
10™ = high; >10™ = very high (NYSDOH, 2007). Additionally, a
TR value within the range of 10 to 10°® is considered acceptable
(USEPA, 2011). USEPA (2011) also regards cobalt as non-
carcinogenic for humans; therefore, TR was estimated for the rest
of the heavy metals. The CPSo values for the studied heavy
metals are presented in Table 2.
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Table 2. RfD and CPSo values of different heavy metals
regarding human exposure (mg/kg body weight/day)

m:ﬁ Rfp CPSo Reference

Pb 0.0035 0.0085

Co 0.003 - USEPA (2010); USEPA
Cr oM 05 G cnal,
cd 0.001 0.5 (2022)

Ni 0.02 17

samples were within the acceptable level, the overall mean
values of the heavy metals were well beyond the
maximum permissible limit (MPL) proposed by FAO and
EU.

Table 3. Heavy metal concentrations in fish feed (mg/kg) in dry
weight

2.6. Statistical Analysis

Statistical analysis of the collected data and
development of graphs was carried out using Microsoft
Excel 2016. Mean, standard deviation, and standard error
of data were carried out and presented in tables where
necessary. After confirming the homogeneity of the data
using Levene's test, a one-way ANOVA was performed to
assess if there was any significant difference (P<0.05)
among the studied fish species for each particular heavy
metal. The Correlation matrix of heavy metal levels in fish
and fish feed was constructed in SPSS 21, and the
measured correlations were highlighted with two distinct
levels of significance (P<0.01 and P<0.05).

3. Results

3.1. Heavy Metal Concentration in Fish Feed

The heavy metal content in the collected fish feeds was
estimated to determine any possible correlation it may
display with the metal deposition in fish muscle. The
collected feed samples exhibited a wide range of variation
in heavy metal concentration in most cases which is
apparent from the minimum and maximum values (Table
3). The concentration of Pb was recorded to be the highest
among the tested heavy metals, followed by Co, Ni, Cr and
Cd, respectively. Although heavy metals in a few feed

Table 4. Heavy metal concentrations in fish (mg/kg) in dry weight

Heavy metal concentrations in fish

Heavy feed (mg/kg) in dry weight MPL

Metals

. FAO/WHO EU
Min. Mean Max. SE SD (1984) (2003)
Pb 1.04 936 1396 1.02 3.82 20 5.0

Co 1.06 574 1177 1.06 3.95 1.0 1.0-15
Cr 190 279 423 0.18 0.69 1.0-2.0 1.0
Cd 099 260 365 024 089 22 2.0
Ni 217 400 735 042 156 2.0 0.1-8.0

Abbreviation: Min. = Minimum, Max. = Maximum, SE =
Standard Error, SD = Standard Deviation

3.2. Heavy Metal Concentration in Fish

Heavy metal levels in the selected four carp species
were estimated in order to quantify their impact on human
health due to fish consumption. The measured
concentration of heavy metals is shown in Table 4. Similar
to the feed samples, Pb was the most abundant heavy
metal in fish muscle, followed by Co, Ni, Cr, and Cd. The
highest amount of Pb, Co, and Ni were found to be
deposited in C. cirrhosus, whereas the highest amount of
Cr and Cd deposition was recorded in C. catla.
Alarmingly, every heavy metal concentration present in
the studied fish species was found to be exceeding the
MPL suggested by FAO and EU in this investigation.
Additionally, no statistically significant difference
(P<0.05) was observed when comparing particular heavy
metal levels across the studied fish species.

Heavy metal concentrations in fish (mg/kg) in dry weight MPL
Heavy Metals
L. rohita C. catla C. cirrhosus H. molitrix FAO (1983) EU(2001)
Pb 5.63+1.02° 5.74+1.14° 6.94+1.58° 5.97+1.12° 25 0.1
Co 3.67+0.81° 2.38+0.29° 3.71+0.42° 3.66+0.74° - -
Cr 1.83+0.24% 2.09+0.57° 1.80+0.21% 1.66+0.39* 1.0 1.0
Cd 1.84+0.58* 2.01+0.17° 1.82+0.36% 1.75+0.41% 0.2 0.05
Ni 1.88+0.33* 2.31+0.22° 2.31+0.49° 2.26%0.20° 0.2 -

3.3. Correlation of Heavy Metals Between Fish Feed
and Fish

To estimate the degree of correlative association of
heavy metals within and between fish feed and fish, a
Pearson correlation matrix was constructed and presented
in Table 5. A statistically significant positive correlation
was found between each of the tested heavy metals in the
collected feeds and their corresponding levels in the fish
samples. This finding led to the assumption that fish feed
acted as a potential source for heavy metal accumulation in

studied fish species. Within the feed samples, Ni showed a
significant positive correlation with Co, Cr, and Cd
suggesting that these elements might be originating from a
similar biochemical source in the feeds. However, Pb and
Co were the only two metals which demonstrated a
significant negative correlation both within the feed and
the fish samples. In case of fish samples, a significant
positive correlation was also found among Co, Cr and Cd,
whereas Ph, Cr, and Cd also showed a significant positive
correlation with Ni.



© 2023 Jordan Journal of Biological Sciences. All rights reserved - Volume 16, Number 3 471

Table 5. Pearson correlation matrix of heavy metals in fish (f) and fish feed (ff) samples

Pb (f) Co (f) Cr (f) Cd (f) Ni (f) Pb (ff) Co (ff) Cr (ff) Cd (ff) Ni (ff)
Pb (f) 1
Co (f) 04357 1
Cr (f) 0.213 0.356™ 1
Cd (f) 0.149 0.404™ 0.787" 1
Ni (f) 0.402™ 0.216 0.528" 0.508" 1
Pb (ff) 0.850™ -0.599"  0.113 0.038 0.215 1
Co (ff) -0435"  0.850™ 0.360" 0.477" 0.267" -0.696" 1
Cr (ff) 0.207 0399 07757 06847  0399”  0.090 0.317 1
Cd (ff) 0.182 0.456™ 0580 06497 05957  0.113 0.479™  0.354" 1
Ni (ff) 0.037 0.625" 0.687" 0.764™ 0.412™ -0.089 0.589™ 0.740" 0.685" 1

**_Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the 0.05 level (2-tailed).

3.4. MPI of the Selected Fish Species

MPI index was calculated to measure the degree of
contamination of the studied fish species owing to the
presence of different heavy metals and is illustrated in
figure 2. The higher the MPI value is, the more health risk
is expected to be associated with it. The highest MPI value
was found in C. cirrhosus (2.43 mg/kg) while, the lowest
was recorded in L. rohita (2.29 mg/kg). MPI values for C.
catla and H. molitrix were 2.40 and 2.31 mg/kg,
respectively.

MPI (mg/kg)
JI
(=]

L. rohita C. catla  C. cirrhosus H. molitrix

Figure 2. Estimated metal pollution index (MPI) of the selected
fish species (mg/kg)

3.5. DIM in Adults and Children due to fish consumption

In this study, the daily intake of heavy metals was
estimated for adults and children to assess the potential
health risk to its consumers. In all cases, DIM for children
were found to be higher than the adults (Table 6). The
highest daily intake of Pb and Co was associated with the
consumption of C. cirrhosus, whereas the corresponding
levels for Cr and Cd were found in C. catla. Furthermore,
both C. cirrhosus and C. catla were found to be the
leading source of Ni when consumed by adults and
children. In contrast, the lowest daily intake of Pb and Ni
was associated with the consumption of L. rohita whereas
the lowest Cr and Cd intake was linked with consuming H.
molitrix.

Table 6. Estimated DIM in adults and children due to fish consumption (mg/kg body weight/day)

Heavy L. rohita C. catla C. cirrhosus H. molitrix

Metals Adult Children Adult Children Adult Children Adult Children
Pb 16.8x10 45.8x10% 17.1x10% 46.7x10% 20.7x10 56.5x10% 17.8x10% 48.6x10%
Co 10.9x10 29.9x10% 7.09x10 19.4x10% 11.1x10% 30.2x10% 10.9x10°% 29.8x10%
Cr 5.45x10 14.9x10% 6.24x10 17.0x10% 5.37x10 14.7x10% 4.96x10% 13.5x10%
cd 5.47x10 14.9x10% 6.01x10 16.4x10% 5.45x10 14.9x10% 5.24x10% 14.3x10%
Ni 5.60x10 15.3x10% 6.89x10 18.8x10% 6.89x10 18.8x10% 6.74x10 18.4x10

3.6. HRI Associated with Fish Consumption in Adults
and Children

HRI in this investigation was estimated to quantify the
potential health risks in humans caused by daily exposure
to hazardous heavy metals. The HRI for adults and
children due to the consumption of the studied fish is
shown in Table 7. HRI value associated with individual
heavy metals was found to be less than 1 for each of the

experimental fish when consumed by adults. However, in
case of children, the HRI values for the heavy metals were
two to three folds greater than those of adults.
Additionally, in children, the HRI for Pb and Cd exceeds
the acceptable limit in all the studied fish species
suggesting they were at a greater health risk than adults
owing to the toxic effects of these two metals.
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Table 7. HRI values for adult and children due to fish consumption

Heavy L. rohita C. catla C. cirrhosus H. molitrix

Metals Adult Children Adult Children Adult Children Adult Children
Pb 0.48 1.31 0.49 1.33 0.59 1.62 0.51 1.39

Co 0.36 1.00 0.24 0.65 0.37 1.00 0.36 0.99

Cr 0.18 0.50 0.21 0.57 0.18 0.49 0.17 0.45

Cd 0.55 1.49 0.60 1.64 0.54 1.49 0.52 1.43

Ni 0.03 0.08 0.03 0.09 0.03 0.09 0.03 0.09

3.7. Non-carcinogenic Health Effect of the Studied Fish
on Men and Women

THQ and HI indices were estimated in this study to
evaluate the non-carcinogenic effect to human health due
to prolonged consumption of toxic heavy metals. THQ for

Table 8. THQ values for men and women due to fish consumption

the consumption of each fish species in adult men and
women are shown in Table 8. All the heavy metals in this
study exhibited THQ values of less than 1 for both men
and women indicating no potential health hazard for
individual heavy metal intake.

Heavy L. rohita C. catla C. cirrhosus H. molitrix

Metals Men Women Men Women Men Women Men Women
Pb 0.45 0.50 0.46 0.51 0.56 0.62 0.48 0.53
Co 0.35 0.38 0.22 0.25 0.35 0.39 0.34 0.38
Cr 0.17 0.19 0.20 0.22 0.17 0.19 0.16 0.17
Cd 0.52 0.57 0.57 0.63 0.52 0.57 0.50 0.55
Ni 0.03 0.03 0.03 0.04 0.03 0.04 0.03 0.04

However, fish contains more than one heavy metal in
its edible parts and, therefore, a cumulative THQ value for
all the heavy metals known as hazard index (HI) should be
taken into account while estimating non-carcinogenic
health risks. The HI value shown in figure 3 indicates that
the consumers were at risk of a health hazard as the
aggregated THQ values for each of the five heavy metals
in all four species exceeded 1. The highest HI for men and
women were found to be associated with the consumption
of C. cirrhosus (1.63 and 1.81) and the lowest with C.
catla (1.49 and 1.65).

2.00
150
100

0.50

Hazard Index

0.00 o
L. rohita C.catla  C.cirrhosus H. molitrix

BMen BWomen

Figure 3. Estimated values of hazard index (HI) in men and
women due to fish consumption

Table 9. TR values for adult men and women due to fish consumption

3.8. Carcinogenic Health Effect of the Studied Fish on
Men and Women

In order to estimate the degree of carcinogenic risk due
to consumption of heavy metal polluted fish, the TR levels
were determined and are presented in Table 9. The
findings showed that the estimated cancer risk of Pb in this
study was very low and considered to be negligible across
all four fish species. However, TR for Cr, Cd, and Ni were
within the low to moderate range and indicated some
degree of risk of contracting cancer for the consumers. The
TR wvalues also indicated that Ni had the highest
probability of being carcinogenic in the studied fish
followed by Cd and Cr. Similar to the non-carcinogenic
health hazards, women were more likely to develop cancer
than men.

Heavy L. rohita C. catla C. cirrhosus H. molitrix

Metals Men Women Men Women Men Women Men Women

Pb 1.35x10% 1.50x10% 1.38x10% 1.53x10% 1.67x10% 1.85x10% 1.43x10% 1.59x10%
Cr 2.58x10% 2.86x10% 2.96x10% 3.28x10% 2.55%x10°% 2.82x10% 2.35x10% 2.60x10%
cd 2.59x10% 2.87x10% 2.85x10°% 3.15x10% 2.58x10% 2.86x10% 2.48x10% 2.75x10°%
Ni 9.02x10% 1.00x10% 1.11x10% 1.23x10% 1.11x10% 1.23x10% 1.09%x10% 1.20x10%

and freshwater outflows are heavily contaminated (Islam

4. Discussion et al,, 2018). Fish feeds are regarded to be the most

Heavy metal pollution is one of Bangladesh's top
environmental concerns, where most farmland, field crops,

significant reason for heavy metal pollution in aqua farms
where no other anthropogenic source of contamination is
in action (Ali and Khan, 2018; Sabbir et al., 2018). The
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mean heavy metal (Pb, Co, Cr, Cd and Ni) concentration
in fish feed was found to be exceeding the maximum
permissible limit of FAO and EU, thus raising concerns
regarding its effect on fish biology and ultimately human
health. An unacceptable limit of Pb and Cd in numerous
commercial fish feeds has been reported by Kundu et al.
(2017) in tilapia farms in Bangladesh. An extensive feed
evaluation study by Sarkar et al. (2021) also confirmed the
presence of Cd and Cr in several types of fish feeds
(starter, grower, finisher, and mixed) beyond the
permissible limit with respect to national and international
standards. The findings of this study are also in accordance
with Saha et al. (2018) who reported that concentrations of
Pb, Co and Cr are exceeding the maximum permissible
limit in different brands of fish feed. An unsafe level of Ni
is also documented by Fatema et al. (2019) in different
commercial feeds used in the culture of Anabas
testudineus in Bangladesh. Heavy metal pollution in fish
feed can be attributed to the use of trace metal feed
additives like tannery waste without performing a proper
decontamination process (Sarker et al., 2017; Sarker et al.,
2022). The strong correlative association among Co, Cr,
Cd, and Ni in the studied feeds found in this study might
be an indication of utilizing such toxic components as feed
additives as these metals are the major pollutant in tannery
wastes (Islam et al., 2013).

All the selected fish species have exhibited heavy metal
levels that are higher than the maximum allowable limit
for food fish. Fish having unsafe levels of heavy metals
pose a variety of health risks to people of all ages,
including children. Pb is a very toxic substance, especially
for children, as they have less renal excretion capabilities
and greater gastrointestinal absorption (Azaman et al.,
2015). Pb also has nephrotoxic and neurotoxic potency and
can induce cardiovascular disease (Umar et al., 2001;
Garcia-leston et al., 2010). Toxic levels of Co can
introduce cardiovascular, neurological, and endocrinal
dysfunction (Leyssens et al., 2017). Cr is a carcinogenic
element and can cause disruption in nutrient metabolism
(Akoto et al., 2014). Chronic exposure to cadmium may
result in respiratory discomfort, cancer of the lung and
breasts, damage to blood vessels, and cardiac issues
(Prozialeck et al., 2008). Ni is another potential carcinogen
that can cause inflammation of the respiratory system,
fibrosis, and emphysema (Forti et al., 2011).

Many studies have depicted the concerning scenario of
heavy metal pollution in a broad spectrum of fish species
and numerous toxic heavy metals in Bangladesh. Ghosh et
al. (2021) have reported unacceptable levels of Co and Cr
with an alarming level of Pb in farmed Pangasius
pangasius, Oreochromis niloticus, Heteropneustes fossilis,
A. testudineus, and Clarias batrachus, Mannan et al.
(2018) have also concluded that commercial fish feed can
contribute to unsafe bioaccumulation of Pb, Cd, and Ni in
L. rohita and raise potential health risks upon consumption
of such fish. Nowadays, heavy metal pollution in fish is
not exclusively limited to aquaculture farms and can be
detected in open-water fish species as well. Ahmed et al.
(2019) have reported bioaccumulation of Pb, Cr, and Cd
exceeding the recommended limits in five estuarine fish
species. Kumar et al. (2020) also validated the presence of
hazardous levels of Pb and Cd in L. rohita from
Mahananda river, India. The MPI of our studied fish
species was found to be ranging from 2.29 to 2.43 mg/kg.

Ghosh et al. (2021) also evaluated MPI values in the five
fish species and reported relatively higher MPI ranging
from 4.85 to 6.65 mg/kg. The MPI value estimated by
Ahmed et al. (2019) in estuarine fish species ranging from
3.65 to 4.70 mg/kg also surpassed our current findings. In
both studies, demersal and bottom dwelling fish exhibited
higher MPI which is in accordance with the result of this
investigation where C. cirrhosus demonstrated the highest
MPI value.

The DIM values of heavy metals in this study showed
that C. cirrhosus and C. catla are the top contributors to
heavy metals in daily diets. The findings also indicate Pb
as the most and Cd as the least consumed among the
studied heavy metals which agree with the findings of
Ullah et al. (2017) and Saha and Zaman (2013). Consistent
with the results of Ghosh et al., (2021) the HRI in this
study implies that children are more at risk than adults
from consuming heavy metal contaminated fish. The THQ
value indicates the potential non-carcinogenic risk of
heavy metal consumption, and it is desired to be less than
1. The THQ values for Pb, Co, Cr, Cd, and Ni in this study
were within this acceptable limit and posed no serious
non-carcinogenic health upon consumption of individual
heavy metals and in accordance with earlier studies
(Ahmed et al., 2019; Akter et al., 2021). However, a
number of heavy metals are simultaneously contained
within the fish muscle; therefore, HIl values should be
taken into consideration while estimating non-carcinogenic
risk as it is more representative of the actual scenario of
heavy metal consumption. The HI values for all fish
species for each heavy metal surpassed the suggested
threshold of 1, indicating possible non-carcinogenic health
risks similar to previously reported findings (Ahmed et al.,
2019; Ullah et al., 2017; Saha and Zaman, 2013). The
findings of this study also indicated that in comparison to
men, women were more susceptible to the non-
carcinogenic impacts of heavy metals.

The TR values in this investigation imply that Cr, Cd,
and Ni from the lifelong consumption of the studied fish
species may have a carcinogenic impact in both men and
women at some stage. It should be noted that TR is not
certain estimation for the occurrence of cancer but rather
an expression of the probability that the exposed
individuals may develop cancer at a stage of life.
Evidence of potential carcinogenic risk owing to the intake
of both cultured and captured fish species has been
presented in prior studies (Kundu et al., 2017; Kawser et
al., 2016; Wahiduzzaman et al., 2021). The data also
suggest that women are more likely to develop cancer
compared to the men population which agrees with the
findings of Javed and Usmani (2016) and Vahter et al.
(2002).

5. Conclusion

This investigation was accomplished to determine the
levels of five heavy metals in four demandable fish species
(L. rohita, C. catla, C. cirrhosus, and H. molitrix) of
Rajshahi region and their possible implication on human
health. Heavy metals from all the selected fish species
exceeded the recommended international threshold.
Correlative association implies that fish feed is the primary
source of heavy metal accumulation in the studied fish.
MPI values flagged C. cirrhosus as the most contaminated
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species and L. rohita as the least. HRI values indicated
greater health risks to children compared to adults. THQ
values showed no substantial health risk for individual
heavy metal consumption, while TR values suggested
possible carcinogenic impact of Cr, Cd, and Ni on
consumers. It is recommended that necessary regulations
are strictly implied by the respective authorities while feed
manufacturers and farmers become more careful in
eliminating or controlling the sources of heavy metal in
aquaculture practice.
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