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ABSTRACT 
 

An experiment was conducted to study heavy metals bioaccumulation pattern in edible tissues of 
different farmed fishes and to assess human health risk through their dietary intake. Total 3 
different species viz. grass carp (Ctenopharyngodon idella), silver carp (Hypophthalmichthys 
molitrix) and mrigel (Cirrhinus cirrhosis), and 3 dissimilar sizes of fish samples were collected from 
Muktagacha and Trishal area of Mymensingh district, Bangladesh during January 2018 and 
analysed for this study. Among the fish species, mean concentrations of Ca, Na and K were higher 
in mrigel; Mg and S contents were higher in silver carp and P content was higher in grass carp. As 
regards to heavy metals, mean concentrations of Pb (18.98 µg g-1), Ni (0.688 µg g-1) and Cu 
(15.197 µg g

-1
) were higher in mrigel; Cd (1.127 µg g

-1
), Cr (15.097 µg g

-1
) and Zn (36.023 µg g

-1
) 

contents were higher in grass carp, while contents of all metals were lower in silver carp. In context 
of size, both mineral nutrients and heavy metals bioaccumulation pattern in all species were higher 
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in large size fishes. Similarly, metal pollution index values for all species of fish samples showed a 
sequence- large size> medium size> small size, which indicates that heavy metal bioaccumulation 
pattern was directly related to the size and age of fishes. The study results revealed that the daily 
intakes of Pb and Cd for all species and sizes of fish samples were higher than that of upper 
tolerable intake level. Target hazard quotients (THQ) values for Pb and Cr surpassed 1.0 for both 
male and female, which indicate that the exposed populations are in a level of concern interval. But 
in context of other heavy metals, these farmed fishes can assume as safe for human consumption. 
 

 

Keywords: Metal bioaccumulation; Ctenopharyngodon idella; Hypophthalmichthys molitrix; Cirrhinus 
cirrhosus; target hazard quotients. 

 

1. INTRODUCTION 
 
In Bangladesh, fisheries and aquaculture sector 
is one among the major component of 
agriculture, which plays a crucial role in 
economic development by ensuring food security 
and stimulating the growth of a number of 
subsidiary industries. About 10% of the local 
population directly and indirectly depends on 
fisheries for their livelihood [1]. Bangladesh has 
established milestone in aquaculture 
development and in 2014, the country was 
ranked 6

th 
in global farmed fish production [2]. 

Aquaculture depends mainly on formulated 
feeds, but some of the commercial feed 
producers failed to meet up with standards for 
the requirement of fish and in many ways, the 
source of raw material for the production of the 
feeds tends to be contaminated with heavy 
metals. Such metallic contamination comprises 
significant portion of the problem as these metals 
known for their bioaccumulation and bio-
magnification, which cause various health 
hazards to human. Polluted fish could be a 
dangerous dietary source of certain toxic heavy 
metals to human [3,4]. 

 
Essential metals are important for the normal 
metabolism of fish, and non-essential metals 
may accumulate in their organs [5]. Essential 
metals include Fe, Cu, Zn and Mn, whereas non-
essential metals are Hg, Pb, Ni and Cd [6]. 
Evidently, fish form the link for the transfer of 
toxic heavy metals from water to humans [4]. A 
number of serious health problems can develop 
as a result of excessive uptake of different 
metals. As a result, the increasing demand of 
food safety has accelerated research regarding 
the risk associated with food consumption 
contaminated by heavy metals [7]. Excess 
amounts of heavy metals from anthropogenic 
sources that enter into the ecosystem                       
may lead to geo-accumulation [8-14] and bio 
accumulation [4], which in turn pollute the 
environment and also affect the food chain and 

ultimately pose serious human health risks        
[15-19]. 
 
In Bangladesh, Mymensingh district is well 
known for commercial fish cultivation. 
Geographically, Mymensingh  has  been  
identified  as  the most important and promising 
area for fish culture  because  of  favorable  
resources  and climatic conditions, including the 
availability of ponds [20]. Hydrological conditions 
are also favorable for fish farming in ponds, in as 
much as the area is located within the monsoon 
tropics with an average annual rainfall of 2,500 
mm [21]. Among the Upazila’s of Mymensingh, 
Trishal, Mymensingh sadar, Fulpur and 
Muktagacha are important for fish farming and 
fishes produced in these areas are distributed 
throughout the country.  
 
Heavy metal accumulates by fish in aquatic 
environment are varies due to the ecological 
conditions, metabolisms and contamination level 
of water, sediments and foods. However, fish 
feed in aquaculture system might be a source of 
heavy metal contamination in fish body, which 
may ultimately deposit in human being through 
consumption of those fishes and create health 
hazard. Furthermore, as we know, fish is 
contributing more than 50% of animal protein 
source of our diets. Considering the above fact, 
this work was carried out to determine the heavy 
metal concentrations in different sizes of some 
selected farmed fish species collected from 
Muktagacha and Trishal areas of Mymensingh 
district and to assess potential metallic health 
risk for adult male and female through 
consumption of those fishes. 
 

2. MATERIALS AND METHODS  
 

2.1 Collection of Fish Sample 
 
A total 9 farm fish samples of 3 species and 3 
different sizes were collected from Muktagacha 
and Trishal Upazilla’s of Mymensingh district 
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during January 2018. A particular fish species of 
dissimilar sizes were collected from the same 
pond. Details about the fish species and their 
features are presented in Table 1. A reasonable 
amount of fish samples were purchased from the 
aforementioned locations, and requisite amount 
of samples were brought to the laboratory of the 
Department of Agricultural Chemistry, BAU, 
Mymensingh and processed for subsequent 
chemical analysis. 
 

2.2 Processing of Fish Sample 
 

After collection fish samples were cleaned first 
and then the samples were separated for flesh 
(edible) and bone (non-edible). Then fleshy parts 
were dried in an electric oven (Model: ED 56, 
Binder, Germany) at 60-80°C temperature until a 
constant weight was obtained. After drying the 
samples were ground well using a mechanical 
grinder and stored in plastic zip lock bag with 
proper labeling. 
 

2.3 Digestion of Fish Sample 
 

Oven dried and well ground fleshy part of fish 
samples were used to prepare extract for the 
determination of different mineral nutrients and 
heavy metals. Extract was prepared by wet 
oxidation method using di-acid mixture [22]. In 
this method, exactly 0.50 g of finely ground 
samples were taken into a 250 mL conical flask 
and 10 mL of di-acid mixture (HNO3:HClO4 = 2:1) 
was added to it. Then the flask was placed on an 
electric hot plate for heating at 180-200ºC 
temperature until the solid particles disappeared 
and white fumes were evolved from the flask. 
Then, it was cooled at room temperature, 
washed with distilled water and filtered into 100 
mL volumetric flask through filter paper 
(Whatman No. 1). For quality control purpose, a 
blank extract was also prepared by taking all 
reagents except sample. Finally, the volume was 
made up to the mark with distilled water and 
preserved for the determination of total major 

mineral nutrients and heavy metals content in the 
collected fish samples. 
 

2.4 Determination of Major Mineral 
Elements 

 
Fish is a good source of different mineral nutrient 
elements. Among the major nutrient elements, 
Ca and Mg were determined by titrimetrically 
against Na2-EDTA standard solution, P and S 
were measured by spectrophotometrically (660 
and 425 nm absorbance wavelength, 
respectively; T60 UV-Visible Spectrophotometer, 
PG Instrument, UK), and Na and K were 
estimated by flame photometrically (589 and 766 
nm emission wavelength, respectively; 0.2 ppm 
limit of detection; Jenway PFP7, Flame 
Photometer, UK) [22]. The instrumental 
parameters were adjusted according to the 
manufacturer’s recommendations. All chemicals 
and reagents were of analytical reagent grade 
quality. 

 
2.5 Determination of Heavy Metals 
 
Determination of different heavy metals (Cu, Pb, 
Cr, Cd, Zn, Ni and Mn) in aqueous extracts of 
different sizes and species of fish samples were 
done by an atomic absorption spectrophotometer 
(AAS) (SHIMADZU, AA-7000; Japan). At first the 
AAS was calibrated followed by the 
manufacturer’s recommendation. Then each 
extract was run directly in AAS for the 
determination of each heavy metal in the samples 
mentioned above. Hollow cathode lamp of Cu, Pb, 
Cr, Cd, Zn, Ni and Mn was employed as light 
source at wavelengths of 324.8, 283.3, 357.9, 
228.8, 213.9, 232.0 and 279.5 nm, respectively 
for the determination of each metal. All chemicals 
and reagents were of analytical reagent grade 
quality. Before use, all glass and plastic ware 
were soaked in 14% HNO3 for 24 hrs. The 
washing was completed with distilled water         
rinse. 

 

Table 1. Details of fish samples along with their sizes collected from Trishal and Muktagacha 
Upazila’s of Mymensingh district, Bangladesh 

 

Fish sample with scientific name Location 
 

Sample size 
Small 
(0.8 ≤ 1) kg 

Medium  
(2.0-3.0) kg 

Large 
(4.0-5.0) kg 

Grass carp 
(Ctenopharyngodon idella) 

Trishal 1.20 2.40 5.00 

Silver carp 
(Hypophthalmichthys molitrix) 

Trishal 0.85 2.90 5.00 

Mrigel 
(Cirrhinus cirrhosis) 

Muktagacha 0.80 2.20 4.30 
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2.6 Estimation of Daily Metal Intakes 
(DMI) 

 

To assess the health risk associated with heavy 
metal contamination in different sizes and 
species of fish samples, the daily intake of metal 
was calculated with the following formula-  
 

DMI = (IR × C)/BW 
 

Where, IR is the fish ingestion rate (mg person
-1

 
day-1), C is the individual metal concentration in 
fish samples (mg kg

-1
, fresh weight), BW is the 

body weight assuming 70 kg for adult male and 
50 kg for adult female in the present study [23]. 
 

2.7 Metal Pollution Index (MPI) 
 

To examine the overall heavy metal 
concentrations in different species and sizes of 
fish samples, the metal pollution index (MPI) was 
computed. This index was obtained by 
calculating the geometrical mean of 
concentrations of all the metals present in the 
fish samples [24]. 
 

MPI (mg kg
-1

) = (Cf1 × Cf2 × ……. × Cfn)
1/n

 
 

Where, Cfn = Concentration of metal n in the 
sample 
 

2.8 Target Hazard Quotients (THQ) 
 

THQ was calculated by the general formula 
established by the US EPA as follows- 
 

THQ = (EF × FD × DMI) / (RfD × W × T) 
 

Where, EF is exposure frequency; FD is the 
exposure duration; DMI is the daily metal 
ingestion (mg person

-1 
day

-1
) and RfD is the oral 

reference dose (mg kg-1 day-1); W is the average 
body weight (kg) and T is the average exposure 
time for noncarcinogens (365 days year-1 × 
number of exposure years). 
 

3. RESULTS AND DISCUSSION 
 

3.1 Major Mineral Nutrient Status in Fish 
Samples 

 

Calcium (Ca) is an essential macronutrient 
element. Calcium is important for bone formation 
and fish is known to be a good source of this 
mineral. The maximum concentration of Ca in 
fish samples was 1.23%, which is obtained from 
large size mrigel, while the minimum content of 
Ca (0.56%) was obtained from medium size 
silver carp (Table 2). The mean Ca 
concentrations for grass carp, silver carp and 

mrigel were 0.78, 0.71 and 1.21%, respectively. 
So, it can be inferred that among the fish 
species, mrigel is a good source of Ca for human 
nutrition compared to other two species. As 
regards to size, large size contained 
comparatively higher amount of Ca (Table 2). 
The recommended daily intake (RDI) of Ca for 
adult human being is 1000-1300 mg [25]. 
According to Islam [26] cereals contributed 
27.3% of the total Ca intake followed by fish 
(21.8%), vegetables (14.0%), and milk and dairy 
products (10.6%) for the poor households in 
Bangladesh. In case of non-poor households, 
the contribution of cereals, fish, vegetables, and 
milk and dairy products was 27.3%, 21.7%, 
14.9%, and 10.6% of the total Ca intake, 
respectively.  
 

Magnesium (Mg) content in different sizes and 
species of fish samples collected from Trishal 
and Muktagacha Upazila’s of Mymensingh 
district ranged from 0.080-0.180% with a mean 
value of 0.118%. The highest amount of Mg was 
obtained from the large size silver carp and the 
lowest amount of Mg was obtained from the 
small size mrigel (Table 2). The mean Mg 
concentrations for grass carp, silver carp and 
mrigel were 0.089, 0.148 and 0.118%, 
respectively. So, it can be inferred that among 
the fish species, silver carp is a good source of 
Mg for human nutrition compared to other two 
species, and large size silver carp and mrigel 
contained comparatively higher amount of Mg 
(Table 2). The recommended daily intake of Mg 
for adults human is 220-260 mg [25]. So, it can 
be inferred from the study results that 100 g fish 
flesh portion can contribute about 50% of Mg 
requirement. 
 

Sodium (Na) content in different sizes and 
species of fish samples varied from 0.011 to 
0.050% with a mean value of 0.028%, which was 
within the recommended value of FAO (30-134 
mg 100 g

-1
). The highest amount of Na was 

obtained from large size grass carp. On the other 
hand, the lowest amount of Na was obtained 
from large size silver carp fish. The mean Na 
concentrations for grass carp, silver carp and 
mrigel were 0.030, 0.016 and 0.039%, 
respectively (Table 2). On the other hand, the 
highest concentration of potassium (K) was 
obtained from large size mrigel (0.148%) among 
the different species and sizes of fish samples, 
while the lowest was in large size silver carp fish 
(0.048%). The mean K concentrations for grass 
carp, silver carp and mrigel were 0.091, 0.066 
and 0.133%, respectively (Table 2). So, it can be 
said that mrigel is a good source of K nutrition 
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 Table 2. Concentrations of major nutrient elements in different species and sizes of farm fish 
samples collected from Trishal and Muktagacha Upazila’s of Mymensingh district, Bangladesh 

 

Sl. no. Type and size of fish Major nutrients concentration (%) 
Ca Mg Na K P S 

1. Grass carp (SS) 0.73 0.089 0.019 0.083 0.012 0.052 
2. Grass carp (MS) 0.89 0.090 0.021 0.076 0.016 0.038 
3. Grass carp (LS) 0.71 0.088 0.050 0.115 0.016 0.067 
4. Silver carp (SS) 0.68 0.096 0.018 0.080 0.013 0.053 
5. Silver carp (MS) 0.56 0.168 0.018 0.069 0.009 0.047 
6. Silver carp (LS) 0.88 0.180 0.011 0.048 0.007 0.125 
7. Mrigel (SS) 1.19 0.080 0.039 0.132 0.010 0.081 
8. Mrigel (MS) 1.22 0.100 0.038 0.119 0.011 0.076 
9. Mrigel (LS) 1.23 0.174 0.040 0.148 0.012 0.061 
 
Average 

Grass carp 0.78 0.089 0.030 0.091 0.015 0.052 
Silver carp 0.71 0.148 0.016 0.066 0.010 0.075 
Mrigel 1.21 0.118 0.039 0.133 0.011 0.073 

Maximum 1.23 0.180 0.050 0.148 0.016 0.125 
Minimum 0.56 0.080 0.011 0.048 0.007 0.038 
Standard deviation 0.26 0.042 0.014 0.033 0.003 0.026 

Note: SS=Small size; MS=Medium size; LS=Large size 
 

followed by grass carp and silver carp. However,  
these results were much lower compared to 
some studies carried out in freshwater fishes in 
Turkey (321-441 mg 100 g-1) [27], China (301-
402 mg 100 g

-1
) [28] and Spain (286-446 mg 100 

g
-1

) [29]. The recommended daily allowance 
(RDA) of K for males aged between 25-50 years 
is 800 mg [25]. So, the consumption of 100 g of 
these farmed fish flesh can meet up only a small 
portion of daily K requirement. 
 

Phosphorus (P) as phosphate is an essential 
nutrient involved in many physiological 
processes, such as the cell’s energy cycle, 
regulation of the whole body acid-base balance, 
as a component of the cell structure (as 
phospholipids), in cell regulation and signaling, 
and as a major constituents of bones and teeth 
[30]. The maximum concentration of P in different 
sizes and species of fish samples was 0.016% 
and the minimum was 0.007%.  The mean P 
concentrations for grass carp, silver carp and 
mrigel were 0.015, 0.010 and 0.011%, 
respectively (Table 2). The P concentration 
range obtained by this study was much lower 
than some other studies carried out in freshwater 
fishes in Turkey (232-426 mg 100 g

-1
) [27] and 

China (198-240 mg 100 g-1) [28]. However, this 
variation of P content in different fish species 
might be due to lower content of P in fish feeds. 
Sulphur (S) content in different sizes and species 
of fish samples collected from Trishal and 
Muktagacha Upazila’s of Mymensingh district 
ranged from 0.038-0.125% with a mean value of 
0.067%. The average S concentrations for grass 
carp, silver carp and mrigel were 0.052, 0.075 

and 0.073%, respectively (Table 2). S content in 
some important fish species of Bangladesh 
ranged from 160 to 300 mg 100 g

-1
 sample [31], 

and this findings are almost at par with the 
present study results. 
 

3.2 Heavy Metal Status in Fish Samples 
 
3.2.1 Lead (Pb) 
 

There are some common sources of Pb such as 
paints, batteries, insecticides and gasoline. Thus, 
it is very common metal in our everyday life. It is 
rapidly absorbed into the bloodstream of human 
body through inhalation, ingestion, or by skin 
contact [32]. In fact, there are no any known 
health benefits or biological role of lead for the 
human body. On the contrary, lead has adverse 
effects that deleterious the human body. It can 
affect almost every organ and system in the 
human body. Although there is no safe level of 
exposure to lead has been found, chronic toxicity 
of it is much more common and occurs at blood 
levels of about 40-60 μg dL

-1 
[32]. The maximum 

concentration of Pb was obtained from the large 
size mrigel fish (21.94 µg g-1; dry wt. basis) and 
the minimum concentration (13.57 µg g

-1
) was 

obtained in small size silver carp fish. The mean 
Pb concentrations for grass carp, silver carp and 
mrigel were 15.86, 16.02 and 18.98 µg g

-1
, 

respectively (Table 3). The maximum Pb 
concentrations in fish samples allowed by the 
WHO, the FAO, and the European Community 
(EC) are 2.0, 0.5, and 0.2 μg g

-1
, respectively 

[33]. The result obtained from the present study 
was much higher than these permissible limits. 
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Table 3. Concentration of different heavy metals in different species and sizes of farm fish 
samples collected from Trishal and Muktagacha Upazila’s of Mymensingh district, 

Bangladesh 
 

Sl. no. Type and size of fish Heavy metals concentration (µg g
-1

) 
Pb Cd Cr Zn Ni Cu Mn 

1. Grass carp (SS) 14.33 0.927 13.23 28.98 trace 9.86 trace 
2. Grass carp (MS) 16.46 1.172 15.60 28.98 trace 12.07 trace 
3. Grass carp (LS) 16.78 1.283 16.46 50.11 trace 13.03 trace 
4. Silver carp (SS) 13.57 0.727 13.57 18.09 trace 9.96 trace 
5. Silver carp (MS) 17.27 0.969 14.06 18.08 trace 10.40 trace 
6. Silver carp (LS) 17.23 0.955 16.08 23.63 trace 12.89 trace 
7. Mrigel (SS) 15.60 0.820 13.27 22.96 2.06 12.15 trace 
8. Mrigel (MS) 19.40 0.870 14.70 28.28 trace 12.50 trace 
9. Mrigel (LS) 21.94 1.008 16.86 30.39 trace 20.94 trace 
Average Grass carp 15.86 1.13 15.10 36.02 - 11.65 - 

Silver carp 16.02 0.88 14.57 19.93 - 11.08 - 
Mrigel 18.98 0.90 14.94 27.21 0.69 15.20 - 

Maximum 21.94 1.283 16.86 50.11 2.06 20.94 - 
Minimum 13.57 0.727 13.23 18.08 - 9.86 - 
Standard deviation 2.54 0.17 1.42 9.60 0.69 3.35 - 

Note: SS=Small size; MS=Medium size; LS=Large size 
 

3.2.2 Cadmium (Cd) 
 

Cadmium is highly toxic even at very low 
exposure levels and has acute and chronic 
effects on health and environment. Cadmium 
accumulates in the human body and according to 
the current knowledge kidney damage (renal 
tubular damage) is probably the critical health 
effect of Cd [34]. Cd concentration in different 
species and sizes of fish samples ranged 
between 0.727 to 1.283 μg g

-1
. The highest 

amount of Cd was recorded in large size grass 
carp while the lowest content was found in small 
size silver carp. The average Cd concentrations 
for grass carp, silver carp and mrigel were 1.13, 
0.88 and 0.90 µg g

-1
, respectively (Table 3). 

However, the World Health Organization has 
established a provisional tolerable weekly intake 
of Cd 7 µg kg-1 body weight [35]. Cadmium 
concentrations measured in liver of Kerguelen 
brook trout (1.13±0.11 µg g

-1
) were in between 

FAO limits of 0.05-5.50 µg g-1 [36]. The Cd 
concentration obtained by the present study was 
also within this range. 
 

3.2.3 Chromium (Cr) 
 

Trace amounts of trivalent Cr is non-toxic and 
necessary for human beings but the hexavalent 
form of Cr is very toxic. In 2001, Dietary 
Reference Intakes for chromium were 
established. Adequate intakes of chromium is 35 
mg day

-1
 for adult males and 25 mg day

-1
 for 

adult females [37]. The highest concentration of 
Cr (16.86 µg g

-1
) was found in large size mrigel 

while the lowest concentration (13.21 µg g-1) was 
obtained from small size grass carp among the 
sizes and types of collected farmed fish samples. 
The average Cr concentrations for grass carp, 
silver carp and mrigel were 15.10, 14.57 and 
14.94 µg g-1, respectively (Table 3). According to 
Shakeri et al. [38], WHO set the maximum 
allowable concentration of Cr 0.15 µg g

-1
 for 

human. The present study results revealed that 
all species and sizes of fish samples                
contained higher amount of Cr than this limit of 
WHO. 
 
3.2.4 Zinc (Zn) 

 
Zinc is the second metal present in the human 
body (about 2.5 g), after Fe (about 4.0 g) but 
before copper (Cu) (about 0.2 g). It is found 
throughout the entire body system, with half in 
the muscle tissue. It is a component of many 
metallo-enzymes, important for gene expression 
and cellular growth. The concentration of Zn in 
different sizes and species of farmed fish 
samples ranged between 18.08 to 50.11 μg g-1 
(dry wt.). The mean Zn concentrations for grass 
carp, silver carp and mrigel were 36.02, 19.93 
and 27.21 µg g

-1
, respectively (Table 3). The 

established RDA for Zn is 8.0 mg day-1 for 
women and 11.0 mg day-1 for men [39]. 
However, The Zn concentration range obtained 
by this study was higher than some other studies 
carried out in freshwater fishes in Turkey (0.57-
1.30 mg 100 g-1) [27] and China (0.64-0.81 mg 
100 g

-1
) [28]. 
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3.2.5 Nickel (Ni) 
 

Nickel is one of the ubiquitous elements. Nickel 
is relatively toxic and widespread in the 
environment. The effects of nickel exposure vary 
from skin irritation to damage to lungs, the 
nervous system, and mucous membranes [40]. 
However, present study results detected Ni in 
only small size mrigel and the concentration was 
2.064 μg g-1 (dry wt.), while other species and 
sizes of collected fish samples contained trace 
amount of Ni (Table 3). Thus, it can be inferred 
from this study results that different types of 
farmed fishes seem to be safe as regards to Ni 
content. 
 

3.2.6 Copper (Cu) 
 

Copper is an essential part of several enzymes 
and is necessary for the synthesis of 
hemoglobin. The established RDA for Cu in 
normal healthy adults is 2.0 mg day-1 [41]. 
However, studies have shown that Cu is highly 
toxic in aquatic environments and has effects on 
fish, invertebrates, and amphibians, with all three 
groups equally sensitive to chronic toxicity [42]. 
Copper may accumulate in many different organs 
of fish. The highest concentrations of Cu (20.94 
µg g-1) was found in the large size mrigel and the 
lowest concentration (9.86 µg g

-1
)  was obtained 

from the small size grass carp among the sizes 
and types of collected farmed fish samples. The 
mean Cu concentrations for grass carp, silver 
carp and mrigel were 11.65, 11.08 and 15.20 µg 
g

-1
, respectively (Table 3). 

 

3.2.7 Manganese (Mn) 
 

Manganese is a trace metal, which is present in 
very small amounts in human body. But it is one 
of the most important nutrients for our health. 
The average human body contains about 12.00 
mg of Mn. About 43% of it is found in the skeletal 
system, with the rest occurring in soft tissues 
including liver, pancreas, kidneys, brain, and 
central nervous system [43]. The RDA for Mn is 
2.3 mg day-1 for adult males and 1.8 mg day-1 for 
adult females [37].  But in the present study, Mn 
content in different sizes and types of farmed fish 
samples were trace i.e. below detectable level 
(Table 3). 
 

3.3 Assessment of Metal Pollution Index 
(MPI) 

 

The MPI was used to compare the total metals 
accumulation level in different species and sizes 
of farm fish samples collected from Mymensingh 
area. In spite of indisputable importance of 

established chemical, biochemical and biological 
methods, MPI might be included in complex 
freshwater monitoring programmes since it could 
produce some additional information on metal 
bioavailability, bio-concentration and metal input 
into the environment [44]. The MPI is a reliable 
and precise method for monitoring metal 
pollution in food samples. The MPIs of individual 
fish samples are presented in Fig. 1. Among the 
fish species used in the present study, large size 
mrigel and grass carp showed the highest MPIs 
(2.97 and 2.96, respectively). It is evident from 
the Fig. 1 that MPI values for all 3 species of 
collected farmed fishes followed a sequence- 
large size > medium size > small size, which 
indicates heavy metal accumulation pattern was 
directly related to the size and age of fishes.  It is 
also apparent from the Fig. 1 that among the fish 
species, silver carp showed comparatively lower 
MPI values for all sizes than that of grass carp 
and mrigel. 
 

3.4 Estimation of Daily Metal Intake (DMI) 
 

To evaluate the health risk associated with heavy 
metal through consumption of different species 
and sizes of farmed fishes collected from Trishal 
and Muktagacha area, the daily intake of metals 
were calculated. Among the possible pathways 
of exposure of heavy metals to humans, food 
chain contamination is the most important. The 
daily intake of metals was calculated according 
to the average fish consumption for both adults 
male and female. According to HIES [45], fish 
ingestion rate in Bangladesh is 62.58 g person

-1
 

day-1, which is used to calculate DMI. The DMI 
estimate of Mn, Zn, Cu, Cr, Cd, Ni and Pb from 
edible part of fish samples were calculated by 
multiplying the daily intake and heavy metal 
concentrations measured by this study. The 
calculated DMI values are presented in Table 4, 
and it can be seen from the table that DMI for 
female > male and among the metals, DMI 
followed the sequence as Zn >Pb> Cr > Cu > Cd 
> Ni = Mn. So, it can be assumed adverse effects 
on human health if daily intake is exceeded the 
recommended daily allowance for a particular 
metal. According to FDA [37], upper tolerable 
intake levels (UTIL) for Zn and Cu are 40.0 and 
10.0 mg day

-1
 person

-1
, respectively. The UTIL 

value for Cr is not established yet. On the other 
hand, UTIL for Pb and Cd are 0.24 and 0.064 mg 
day-1 person-1, respectively [46]. So, it can be 
inferred from this study that daily intake of Pb 
and Cd were higher than that of UTIL, which 
indicate serious adverse effects have been 
associated with intake of different species and 
sizes of farmed fishes.  
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Table 4. Calculated daily metal intakes (DMI) for different species and sizes of farm fish 
samples collected from Trishal and Muktagacha Upazila’s of Mymensingh district, 

Bangladesh with the upper tolerable intake level (UTIL) and oral reference doses (RfD) 
 

 Cu Zn Cr Pb Ni Cd Mn 
UTIL (mg day-1 person-1) 10.0a 40.0a - 0.24b 1.0a 0.064b 11.0a 
RfD (mg kg-1 day-1) 0.04c 0.30 c 0.003 d 0.0035 e 0.02c 0.001e 0.014 c 
Daily Metal 
Intake 
(mg day-1 
person

-1
) 

Grass carp 
(SS) 

Male 2.20 6.48 2.96 3.20 0.00 0.21 0.00 
Female 3.09 9.07 4.14 4.48 0.00 0.29 0.00 

Grass carp 
(MS) 

Male 2.70 6.48 3.49 3.68 0.00 0.26 0.00 
Female 3.78 9.07 4.88 5.15 0.00 0.37 0.00 

Grass carp 
(LS) 

Male 2.91 11.20 3.68 3.75 0.00 0.29 0.00 
Female 4.08 15.68 5.15 5.25 0.00 0.40 0.00 

Silver carp 
(SS) 

Male 2.23 4.04 3.03 3.03 0.00 0.16 0.00 
Female 3.12 5.66 4.25 4.25 0.00 0.23 0.00 

Silver carp 
(MS) 

Male 2.32 4.04 3.14 3.86 0.00 0.22 0.00 
Female 3.25 5.66 4.40 5.40 0.00 0.30 0.00 

Silver carp 
(LS) 

Male 2.88 5.28 3.59 3.85 0.00 0.21 0.00 
Female 4.03 7.39 5.03 5.39 0.00 0.30 0.00 

Mrigel (SS) Male 2.72 5.13 2.97 3.49 0.46 0.18 0.00 
Female 3.80 7.18 4.15 4.88 0.65 0.26 0.00 

Mrigel (SS) Male 2.79 6.32 3.29 4.34 0.00 0.19 0.00 
Female 3.91 8.85 4.60 6.07 0.00 0.27 0.00 

Mrigel (SS) Male 4.68 6.79 3.77 4.90 0.00 0.23 0.00 
Female 6.55 9.51 5.28 6.87 0.00 0.32 0.00 

a
 = FDA [37]; 

b
 = Garcia-Rico et al. [46]; 

c
 = US EPA [47]; 

d 
= IRIS [48] and 

e
 = Khan et al. [49] 

 

 

Fig. 1. Metal pollution index (MPI) for edible part of different species and sizes of farm fish 
samples collected from the Muktagacha and Trishal Upazila’s of Mymensingh district 

 

3.5 Target Hazard Quotients (THQ) 
 

Target hazard quotients is used widely for the 
assessment of potential health risks associated 
with long term exposure to chemical pollutants 

[15-16,19,49-50]. The THQ <1 means the 
exposed population is assumed to be safe; 1 < 
THQ < 5 means that the exposed population is in 
level of concern interval, and THQ > 5 means 
exposed population is unsafe. It is a dimension 
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Fig. 2. Target hazard quotient (THQ) for adult male and female due to consumption of different 
species and sizes of farm fish samples collected from the Muktagacha and Trishal 

Upazila’s of Mymensingh district 
 

less index and THQ values are additive, but not 
multiplicative. It must be noted that THQ is not a 
measure of risk but indicates a level of concern. 
Target hazard quotients was measured 
considering DMI of people, average body weight 
(male: 70 kg and female: 50 kg) and average life 
expectancy (male: 70.6 and female: 73.1) [23] of 
concern people. Values of this parameter (THQ) 
due to consumption of edible part of different 
species and sizes of farmed fishes for 
investigated metals are presented in Fig. 2. THQ 
values for Pb and Cr surpassed 1.0 for both male 
and female in most cases i.e. in context of these 
two metals populations are in a level of concern 
interval. So, it can be concluded from the present 
study results that Cr and Pb concentrations in 
different species and sizes of farmed fishes are 
in a level of concern interval for human 
consumption. 
 

4. CONCLUSION 
 
This study provides baseline data on major 
mineral elements and heavy metal contents in 
farmed fishes of greater Mymensingh area, along 
with their accumulation pattern in different 
species and sizes of fishes. The information 
generated from this study could be used as a 
baseline data for developing food composition 
database for Bangladesh. The present study 

results revealed that the concentrations of Pb 
and Cr were higher than the permissible limit 
recommended by the WHO. Among the fish 
species, the mean concentrations of Pb and Cu 
were higher in mrigel; Cd, Cr and Zn contents 
were higher grass carp, while the amounts of all 
metals were lower in silver carp. The metal 
pollution index (MPI) indicates heavy metal 
accumulation pattern was directly related to the 
size and age of fishes. The daily intake of Pb and 
Cd through consumption of different species and 
sizes of farmed fishes were higher than that of 
upper tolerable intake level, which indicates 
serious adverse effects for human health. THQ 
values for Pb and Cr surpassed 1.0 for both male 
and female in most cases i.e. in context of these 
two metals populations are in a level of concern 
interval. But as regards to other heavy metals, 
these farmed fishes can assume as safe for 
human being. However, before final conclusion, 
further research is needed by considering more 
area and large scale of fish species. 
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