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Abstract 

Concentrations of 15 trace elements and heavy metals (Beryllium (Be), Chromium (Cr), Manganese (Mn), Iron (Fe), Cobalt 

(Co), Nickel (Ni), Copper (Cu), Zinc (Zn), Arsenic (As), Selenium (Se), Strontium (Sr), Molybdenum (Mo), Cadmium (Cd), 

Antimony (Sb) and Lead (Pb)) in the muscles of five fish species (Pangasius pangasius, Anabas testudineus, Labeo rohita, 

Catla catla, and Tenualosa ilisha), collected from Rajshahi, Bangladesh, were detected, using inductively coupled plasma 

mass spectrometry (ICP-MS). The risk to humans from these trace elements, through fish consumption, was then assessed. 

The average trace element concentration in fish muscles varied in a decreasing order of Zn> Fe> As> Cu> Sr> Mn> Cr> Se> 

Ni> Co> Pb> Mo> Cd> Sb> Be. This study also showed that Zinc was predominant, while Beryllium (Be) was the least 

accumulated metal in the muscles of the studied fish. Data demonstrated that there was significant variation in the heavy 

metal concentrations in the fish species of the Rajshahi area. The estimated daily intake (EDI) was below the Reference 

Dose of daily intake (RfD) established by the United States Environmental Protection Agency (USEPA), and the Hazard 

Quotient (HQ) values indicated that there was no carcinogenic risk for consumers on account of the intake of the studied 

fishes, under the current consumption rate. 
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1. Introduction 

 

An aquatic environment is of great interest at 

present, owing to the increase in pollutants caused 

by anthropogenic activities [1-3]. The growing 

agriculture in many developing countries and the 

expansion of urban areas close to the natural 

aquatic environments cause negative impacts on the 

environmental quality of the surrounding 

ecosystems. Among the bioindicators of the aquatic 

ecosystem, fishes are often considered as the most 

suitable objects, as they occupy a high trophic level 

and are an important food source for the human 

population [4-5]. Metal content in the tissues and 

organs of fishes indicate the concentrations of 

metals in the water and their accumulation in the 

food chain [6]. Fishes are known for their ability to 

accumulate heavy metals in their muscles.  

 

Freshwater fish culture in Bangladesh has been 

experiencing a dramatic growth over the past few 

decades, as a result of increasing domestic fish 

consumption and foreign exports. On account of 

low investment and the easy and routine 

management required, freshwater fish culture has 

grown tremendously in recent years in the north-

western part of Bangladesh [7-8]. To evaluate the 

implications of heavy metal pollution, five fish 

species (P. pangasius, A. testudineus, L. rohita, C. 

catla, and T. ilisha) have been collected from 

different fish culture ponds and from the Padma 

River in Rajshahi City, Bangladesh. These fish 

species are very common and popular among the 

consumers for their taste and flavor. The cultured 

fishes have different feeding habits and are 

exclusively taken from freshwater habitats; 

however, T. ilisha is a diadromous fish. In the 

present study, the concentrations of 15 trace 

elements and heavy metals have been determined 

in five fish species. On the basis of the 

measurements of these trace element 

concentrations, a human risk assessment was 

performed for the average Bangladeshi people, who 

consumed freshwater fish. 

 

2. Materials and Methods 

 

2.1 Sampling Site 

 

The Rajshahi city is located on the north-west part 

of Bangladesh, on the bank of the river Padma. The 

fishes, P. pangasius (Thai Pangus); A. testudineus 

(Thai Koi); L. rohita (Rui); C. Catla (Katla), and T. 

ilisha (Ilish) were collected from mono- and 

mixed-fish culture ponds in Boalia and Matihar 

Thana, in Rajshahi City. The T. ilisha was collected 

directly from the fishermen of the Padma River, 

near the city of Rajshahi. The sampling sites were 

located between 24025 N and 46048 E and 24034 N 

and 46040 E (Figure 1). A total of seven fish of 

each species, of marketable size, were sampled 

from each pond and the Padma River fishing spot. 

No gender difference was considered in this study. 

Similar-sized fish were collected, to minimize any 

differences in trace element concentrations 

resulting from size. The length and weight of the 

fishes are presented in the Table 1.  

 

 
Figure 1. Location of sampling areas in Rajshahi 

City, Bangladesh.  

 

2.2 Sample Collection and Preparation 

 

The fishes were killed with percussive stunning [9]. 

A total of 35 fish were used in the assessment. The 

fishes were put on ice immediately in order to 

maintain the freshness and later brought to the 

laboratory and their total length (cm) and total 

weight (g) measured (Table 1). To prevent metal 

contamination, special care was taken and tissues 

were dissected with special ceramic knife, scissors 

and plastic forceps (Miyako, California, USA). 

Samples were thawed, cleaned and scaled, then 

filleted. The fillets were dried at 65 0C then round 

to a fine powder as described by Hoo Fung [10]. 

 

2.3 Digestion 

 

The dried fish samples were digested according to 

the method of Hanson [11] as described by Rahman 

[5]. 0.5 g of dried powdered fish tissues (three 

replications) was taken in a digestion apparatus and 

2.5 ml conc. H2SO4 and 4ml conc. HNO3 were 

taken. The mixture was slowly heated using a 

hotplate for 20 min. at 100oC and allow to cool at 

room temperature [12]. The content was diluted 

with deionized water and filtered quantitatively into 

a 50 ml volumetric flask.  

http://fishbase.org/Summary/SpeciesSummary.php?ID=292&genusname=Pangasius&speciesname=pangasius
http://fishbase.org/Summary/SpeciesSummary.php?ID=495&AT=Koi
http://fishbase.org/Summary/SpeciesSummary.php?ID=292&genusname=Pangasius&speciesname=pangasius
http://fishbase.org/Summary/SpeciesSummary.php?ID=495&AT=Koi


 
 

Mortuza and Al-Misned 2015. Biomedical Sciences Today 1:e2 

3 

 

 

2.4 Analytical Methods 

 

After acid digestion, concentrations were 

determined according to APHA [13] through 

Inductively Coupled Plasma Mass Spectrometry 

(ICP-MS) (Perkin Elmer, NexION 300D). 

Analytical blanks were run in the same way as the 

samples and concentrations were determined using 

standard solutions prepared in the same acid 

matrix. Standards for the instrument calibration 

were prepared on the basis of mono element 

certified reference solution ICP Standard (Merck). 

All laboratory plastic and glassware was cleaned by 

soaking overnight in a 10% nitric acid solution and 

then rinsed with deionized water.  

 

2.5 Risk Assessment 

 

The risk for human health as a result of eating these 

species was evaluated by calculating Estimated 

Daily Intake (EDI) was estimated using the 

following equation [14] 

 

EDI = Cfish×[Dfish/ BW] (1) 

 

Where Cfish = average trace element concentration 

in fish muscle (µg/g wet weight), Dfish  = the average 

daily fish consumption (g/day) per person was 

estimated by assuming that a 60 kg Bangladeshi 

will eat 21 g wet wt/ person/ day [5, 15], and BW = 

the average body weight (kg) of target population. 

The hazard quotient (HQ) was calculated by 

dividing the estimated daily intake (EDI) by the 

established Rfd to assess the health risk from fish 

consumption. There would be no obvious risk if the 

HQ were less than 1[14].  

 

 

Table 1. Length and weight of collected fish species.

2.6 Statistical analysis 

 

Two-Sample Assuming Unequal Variances tests 

with significance levels of 5% were conducted on 

each metal to test for significant differences 

between species tissues. Differences between level 

means per factor were treated using Excel student’s 

t-test. All values are expressed in mean ± standard 

deviation.  

 

3. Results 

 

The mean concentrations of the trace elements and 

heavy metals in five fish species from Rajshahi are 

presented in Table 2. The fishes were collected 

from different culture and capture systems. The 

concentrations of trace and heavy metals were 

determined based on the sample dry weight (mg/kg 

d w). The mean concentrations of trace and heavy 

elements in different fishes were in the order of 

Zn> Fe> As> Cu> Sr> Mn> Cr> Se> Ni> Co> Pb> 

Mo> Cd> Sb> Be. Many differences were observed 

among the list of the analyzed elements. Beryllium 

(Be) was the least available trace element in the 

five fish tissues examined. Chromium (Cr) was 

detected in a significantly higher concentration in 

T. ilisha and L. rohita than in others. The highest 

Manganese (Mn) concentration (1.486) was found 

in T. ilisha and low concentrations were detected in 

the muscles of P. pangasius and C. catla.  

 

Iron (Fe) concentration was found to be high in all 

the fishes, with the highest concentration (66.447) 

detected in T. ilisha and the lowest in the muscles 

of C. catla, however, there were significant 

differences among the species. Cobalt (Co) showed 

a comparatively high concentration in T. ilisha 

muscles, but a low concentration was detected in 
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monoculture fishes. Nickel (Ni) was detected in all 

tissues, with higher concentrations in monoculture 

fishes and significantly lower concentrations in T. 

ilisha. Copper (Cu) showed comparatively higher 

concentrations in the muscles of T. ilisha, but there 

were no significant differences among the tissues. 

A comparatively high amount of Zinc (Zn) was 

found in all fishes, with the highest concentrations 

found in the muscles of T. ilisha, but there were 

significant differences among the tissues. 

 

Arsenic (As) showed a very high concentration in 

T. ilisha muscles differing from the rest of the 

muscles, and the rest of the muscles did not show 

any significant difference. Selenium (Se) showed a 

clearly higher concentration in T. ilisha than in the 

other tissues, where significant differences were 

found. Higher concentrations of strontium (Sr) 

were found in T. ilisha and lower concentrations in 

P. pangasius, and they differed significantly from 

the other tissues. Molybdenum (Mo) showed a 

significantly higher concentration in P. pangasius, 

but the rest of the tissues did not show any 

significant difference. Cadmium (Cd) and 

Antimony (Sb) showed a lower concentration in all 

muscles, but significant differences were found 

when compared with the others. Lead (Pb) 

concentrations were found to be high in all fishes, 

however, no significant differences were observed 

in the tissues, except in A. testudineus  

 

The mean heavy and trace element concentrations 

in the muscles were used to evaluate the human 

health risk assessment for fish consumption in 

humans. A conversion factor of 4.8 was used to 

transform wet weight to dry weight [5]; the result is 

shown in Table 3. Thus, the estimated daily intake 

(EDI) of trace elements and heavy metals were 

compared with a reference dose (Rfd), as 

established by the USEPA [16], to assess whether 

the trace levels found in the fish were safe for 

human consumption. The results showed that the 

values of EDI were lower than the Rfd values, 

except for Zinc in T. ilisha (Table 4). The values of 

the Hazard Quotient (HQ) were also less than 1 

(Table 4). 

 

 
Table 2. Concentration (mg/kg d w) lements in different fish tissues. Data are mean±SD (n=7). The values with non-

common letter superscript are significantly different (Exell t-test, p<0.05) within the same row.
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4. Discussion 

 

In the environmental studies heavy metals and trace 

elements, such as, Cr, Mn, Fe, Co, Ni, Zn, As, Cd, 

Pb, and Cu are the most studied and significant 

elements with regard to the environmental impact 

and human health. Indeed, many common heavy 

metals (Cr, Mn, Fe, Co, Ni, Zn, As, Cd, Pb, and 

Cu) are known to form materials that are 

potentially toxic to the environment [17-20], and 

the anthropic effects of heavy metals such as Be, 

Se, Sr, Mo, and Sb on fish and other aquatic life are 

less studied  [21]. The values obtained in this study 

have been found to be within the range of values 

found in other studies, after comparing their 

concentrations in the muscles of freshwater fish 

(Table 5). 

 

The results among all these studies have been 

widely dependent on where and which species were 

caught. The metal content in various fish species 

from the Hooghly River, India [22]; Pearl River, 

China [23]; Okumeshi River, Nigeria [24]; Bagashi 

River, Bangladesh [5], Wadi Hanifah [25], and the 

Danube River, Serbia [26], was higher than that in 

this result, except for Fe, Co, Zn, and As. 

Nevertheless, the distribution patterns could be 

compared within the species analyzed in this study. 

As far as we could observe, most of the elements 

(Cr, Mn, Co, Cu, Zn, As, Se, Sr, and Cd) were 

preferentially accumulated in T. ilisha. This might 

be because of the regulatory ability, behavior, and 

feeding habits, which were factors that could 

influence the accumulation in different species 

[27]. 

 

The fishes were collected from three distinctive 

groups, based on the culture system, and could 

point out their different feeding habits (Table 1). 

Almost similar artificial feed was supplied to the 

mono-, and mixed-fish culture in Rajshahi, 

Bangladesh. There was no significant difference 

observed in the trace element accumulation, 

however, T. ilisha showed a significant difference 

in most of the trace element accumulations. This 

could indicate its different habitat preferences, T. 

ilisha foraged in open water. This could also act as 

a detoxification pathway in T. ilisha, for 

accumulating toxic elements [28]. This study found 

higher concentrations of Mn, Fe, and Ni in the 

carnivorous fish than in carps, which confirmed the 

findings of several authors [29-32].  We also 

detected elevated concentrations of Zinc in T. ilisha 

muscles, which confirmed the findings of other 

authors [26, 30, 31, 33]. This could be a result of 

the pollution in the Padma River [34], of inversely 

correlated Zinc concentrations in the trophic level 

[35], as well as the physiology of T. ilisha [[36-37]. 

It was recently shown that trace elements in the 

food contribute predominantly to metal 

accumulation in marine fish, due to a very low 

uptake from the dissolved phase [38-39]. Dietary 

accumulation of trace elements was determined by 

dietary assimilation efficiency, ingestion rate, as 

well as trace element concentrations in the ingested 

food. Dietary assimilation was inversely related to 

the ingestion rate in fish [14]. As the fish farmers 

generally fed huge volumes of food, it was possible 

that the dietary assimilation was low, leading to a 

relatively low accumulation of these trace elements 

in the fish. However, this needs to be further 

examined in future studies. 

 

The mean muscle concentrations were used to 

conduct health risk assessments for human fish 

consumption. Heavy metals had the tendency to 

accumulate in various organs of the organisms, 

especially fish, which in turn could enter the human 

metabolism through consumption, causing serious 

health hazards [5, 40]. Therefore, the daily intake 

of some selected trace metals were estimated and 

compared with the recommended values, to assess 

whether the metal levels found in the fish samples 

collected from Rajshahi were safe for human 

consumption (Table 4). This study was conducted 

only for fish muscles, as this tissue was the most 

important part consumed by the human population. 

The EDI values for the examined fish samples were 

lower than the reference dose (Rfd) [16]; The Joint 

FAO/WHO Expert Committee on Food Additives 

[41], indicating that there was no health risk for 

humans through the consumption of these , except 

for the Arsenic (As) concentration in T. ilisha. In 

addition, the values of the hazard quotient (HQ) 

were lower than 1 (one), indicating no risk on 

consumption of these fishes [14]. 

 

5. Conclusion 

 

In general, the data in this study suggested that the 

heavy and trace element concentrations found in 

the fish muscles sampled from Rajshahi, with the 

exception of the Arsenic content in T. ilisha, were 

within the standard limits proposed by the USPEA. 

It should be noted that the concentrations of Zinc 

and Iron were found to be considerably higher 

among the 15 heavy and trace elements in all the 

examined fish species. The differences in heavy 

and trace element concentrations among the five 

different fish species were statistically significant. 

However, these results could be used to provide 

baseline information for the risk assessment 

associated with their consumption, as the estimated 

daily intake (EDI) for the examined fishes and the 

trace elements found were far below the daily 
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dietary allowance recommended by the different 

authorities [16, 41]. Therefore, we concluded that 

these trace elements should not pose any health 

threat to the consumers, except for Arsenic, after 

consumption of the studied fish. Furthermore, 

constant monitoring of the fish culture of Rajshahi 

was recommended, in view of the artificial feed for 

the fish culture in the freshwater aquaculture of this 

region, which disturbed the natural cycle of the 

chemical elements.  

 

 

 

 
Table 3. Concentration (mg/kg w w) of trace elements in different fish tissues. Estimated daily intakes of trace elements 

(EDI) through freshwater fisher consumption by people in Rajshahi city, Bangladesh.

 
 
Table 4. EDI, estimated daily intake; Rfd, reference doses of trace elements and heavy metals as established by the United 

States Environment Protection Agency (2005); Hazard quotient = EDI/Rfd. If the ratio is less than 1, there is no obvious risk. 
aAverage  concentration of inorganic As was estimated as 10% of total As (United States Food and Drug Administration, 

1993).
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Table 5. Comparison of heavy metal concentrations (mg/kg d w) in fish muscle with the reported values in the literatures.
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