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ABSTRACT 
 

Aims: The purpose of this study was to evaluate whether there are any significant toxic effects of 
the widely exposed metals on different organs (gill, liver, kidney, and muscle) of some commercially 
important marine fish species (Herpodon nehereus, Pampus chinensis and Hilsa ilisha).  
Study Design: The collection of the samples was done from January to March 2018 from Bay of 
Bengal near Chattogram city of Bangladesh. The study is based on randomly collected samples 
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from the intended sampling sites (Randomized Block Design) to ensure the evenness and unbiases 
of the collected samples.  
Methodology: Analyses were performed for metals such as arsenic (As), lead (Pb) and chromium 
(Cr) using Atomic Absorption Spectrophotometer (AAS). During each month, five individuals each 
with three replications from the three targeted species were collected, with a total of 135 (45*3) 
fishes in the study period. 
Results: The concentrations of the metals found in the fishes varied in the following ranges: As: 
0.029-0.071 ppm, Pb: 0.008-0.083 ppm and Cr: 0.0001-0.03 ppm. The obtained result revealed the 
highest concentrations of all three metals were recorded in H.nehereus fish. The organ wise lead 
concentration was recorded highest in kidneys and gills of examined fishes with significant variation 
in muscles and liver. The scenario depicted quite differently in case of chromium where 
concentration in gills was found to be the highest with insignificant variation in accumulation in other 
three organs. In case of Arsenic, kidneys and livers were the most exposed two organs in 
comparison to significant exposure to muscles and gills. The obtained values of arsenic 
accumulation were considered critical for human consumption as it was higher than the 
recommended values stated by WHO and FAO; but the concentration of lead and chromium were 
found to be safe for human consumption. The values recorded for lead were increasingly 
approached to the safety values. 
Conclusion: So, crucial steps should be taken regarding safety and environmentally friendly 
discharge of arsenic and lead; high levels of pollution will not only affect aquatic life but will also 
invite socio-economic disasters. 

 

 
Keywords: Metals; Bay of Bengal; fish organs; bioaccumulation; atomic absorption spectroscopy; 

pollution. 
 

1. INTRODUCTION 
 
In Bangladesh, fish is a popular animal-source 
food in the diet of millions. It has been advised 
that fish should be consumed two or three times 
weekly, because of its high levels of essential 
amino acids (EAA), polyunsaturated fatty acid 
such as omega-3 and omega-6 fatty acids [1,2]. 
The coastal water of Bangladesh comprises 
diverse fisheries resources with 475 finfish 
species [3]. The marine fisheries play significant 
role in the economy of Bangladesh. Total 
production of marine fisheries is 6.71 lakh MT 
and its contribution to total fish production is 
14.90% with growth rate 1.70% [4]. In 2019-
2020, fisheries and aquaculture sectors have 
become the second most important contributors 
in export earnings of Bangladesh, contributing to 
3.52% in national GDP, 1.39% in export earnings 
and 26.37% in agriculture sector [4].  
 
The metallic elements which have a higher 
density compared to water is termed as heavy 
metals [5]. Based on the hypothesis that 
heaviness and toxicity are closely related, heavy 
metals like Arsenic (As), Lead (Pb) and 
Chromium (Cr) can be extremely toxic at a very 
low exposure [6]. The sources of heavy metal 
pollution are very diverse and covers a wide 
variety of ranges starting from geogenic sources 
to the atmospheric origin including domestic 

effluents, agricultural, industrial and 
pharmaceuticals sources [7] which eventually 
leads to a situation of prominent environmental 
pollution [5,7,8]. 
 
As a result, in recent times, pollution caused by 
heavy metals in marine environment has attained 
a serious environmental concern. Due to the 
presence of heavy metals in aquatic 
environment, bioaccumulation occurs along the 
food chain. This eventually is carried into the 
organs of aquatic animals and may become toxic 
for fish and for people when it reaches a 
substantially high level. The organs of fish that 
take up heavy metals are the gills, skin, kidney, 
digestive tract, muscle, and liver [9]. Agriculture, 
shipping, urban, industrial wastes, and mining 
are the major sources of metal pollution in the 
aquatic environment [10]. Presence of arsenic, 
cadmium, chromium, mercury, nickel, and lead 
are indicative of anthropogenic influence in 
marine environment and are themselves of 
potential risk to the natural environment [11].  
 
In many studies, fishes were the subject of 
investigation on metal accumulations and 
monitoring programs in seas or fresh water, due 
to their importance in human nutrition [12,13,14]. 
Such interest aimed at ensuring the safety to the 
food supply and minimizing the potential hazard 
effect on human health. The concentration of 
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arsenic in muscle tissue of marine fish species 
collected from northeastern Bay of Bengal, India 
was studied [15,16]. They found considerable 
variation of arsenic levels among the fish species 
which were higher than the standard value of 
arsenic. As a commercial hub and the industrial 
nerve center of Bangladesh, Chattogram 
coastline of Bay of Bengal is at risk of having 
high levels of metal pollutants due to surrounding 
activities. According to studies [14,17], many 
kinds of industries are situated on Chattogram 
coast, each discharging its characteristic range 
of effluents containing metals and other harmful 
pollutants into the terrestrial and aquatic 
ecosystems. There are some studies on the 
pollution level of metals in water and sediments 
along the Karnafuli River and its adjacent coastal 
area [18,19] but information on the types of metal 
in the Bay of Bengal coast including fish, other 
ecosystems, coastal areas, and rivers is poorly 
documented. With realizing the significance, the 
principal objectives of this research were: i) to 
determine the Arsenic (As), Lead (Pb) and 
Chromium (Cr) accumulation in different 
commercially important marine fishes collected 
from Chattogram coastal area. ii) to develop a 
comparison among different organs (Gill, Liver, 
Kidney and Muscle) and different species of 
investigated fishes in terms of those metal 
accumulation. 
 

2. MATERIALS AND METHODS 
 

2.1 Study Design 
 
The study is designed based on randomly 
collected samples in the intended sampling sites 
(blocks). The target fish species were collected 
from the fishermen’s nets of the Chattogram 
coast from where fishes are supplied to 
commercial fish markets in Chattogram, 
Bangladesh as well as to the other parts of the 
country. The samples were collected unbiasedly 
and the intention of this study to infer the effects 
of commonly exposed metals in the consumed 
fishes by human.  
 

2.2 Fish Collection  
 
Fishes were collected between January and 
March 2018 from the caught fishes by 
fishermen’s nets from the Chattogram coast of 
Bay of Bengal. During each month, five 
individuals (each incorporating three replications, 
i.e., 15 fishes collected from the same time and 
station) from the three intended species (H. 
nehereus, P. chinensis and H. ilisha) were 

collected, with a total of 135 (45*3) fishes in the 
study period. Each time the fishes were 
transported to the Quality Control and Analytical 
Laboratory of Chattogram Veterinary and Animal 
Sciences University, Chattogram, Bangladesh. 
Fishes were stored in plastic bags at -20º C until 
dissection. 
 

2.3 Fish Dissection and Preparation of 
Sample for Digestion 

 
The collected fishes were separated according to 
their species and separately dissected for their 
muscle, gill, liver and kidney tissues. For 
example, 45 (3*5*3) muscle tissues for H. 
nehereus were collected during the three months 
of study period (Jan-Mar 2018). All the final 
sample preparation and chemical analysis for As, 
Pb and Cr were carried out according to the 
procedure described by UNEP Reference 
Methods [20]. The prepared samples were stored 
in 10% formalin solution for future analysis.  
 

2.4 Digestion 
 
The selected tissues were digested with 
concentrated nitric acid and perchloric acid (2:1 
v/v) at 60 ºC for 3 days and all samples were 
diluted with double distilled water by a microwave 
digester. Following acid digestion, all samples 
were analyzed for As, Pb and Cr by atomic 
absorption spectrometry (Phillips AAS with 
double beam and deuterium background 
corrector).  
 

2.5 Arsenic (As), Lead (Pb) and 
Chromium (Cr) Analysis 

 
As, Pb and Cr were analyzed in a graphite 
furnace (GBCGF 3000 with Zeeman background 
corrector) with an auto sampler. All digested 
samples were analyzed three times for each 
metal. The standard addition method was used 
to correct for matrix effects (If any). The 
instrument was calibrated with standard solutions 
prepared from commercial materials. Analytical 
blanks were run in the same way as the samples 
and determined using standard solutions 
prepared in the same acid matrix.  
 

2.6 Data Analysis 
 
Statistical analysis was carried out using SPSS 
20. One-way analysis of variance (ANOVA) and 
least significant difference (LSD) test were used 
to assess whether metal concentrations varied 
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significantly among species & organs. The 
average concentration of As, Pb and Cr among 
each of the muscle, gill and kidney tissues 
collected from each species were used. The 
comparative accumulation of Pb, Cr and As in 
each species was demonstrated by using 
Microsoft Excel. The level of significance of the 
mean values was assigned at P<.05. 
 

3. RESULTS AND DISCUSSION 
 
This study investigated As, Cr and Pb distribution 
in different organs (gill, liver, muscle, and kidney) 
of three fish species (H.nehereus, P. chinensis 
and H.ilisha) captured from Chattogram coast of 
Bay of Bengal. These fish species were selected, 
as they are most consumed and commercially 
important marine fishes in Bangladesh. As, Pb 
and Cr were chosen because these are common 
detrimental elements found in industrial 
discharges. 
 

The average of As, Pb and Cr in different organs 
of the investigated species were presented in 
Fig. 1, Fig. 2 and Fig. 3. The comparisons of 
average metal contents of the organs and the 
species were shown in Table 1 and Table 2. 
 

3.1 Arsenic (As), Lead (Pb) and 
Chromium (Cr) Concentration in H. 
nehereus 

 

H. nehereus is economically important and they 
form a large part of the fish catch in the study 
area. The recorded values in H. nehereus 
expressed that the average value of arsenic 
obtained from muscle (0.039 ppm) was 
significantly (P<.05) different from the values of 
gill (0.053 ppm), liver (0.064 ppm) and kidney 
(0.071 ppm) which are higher than the 
recommended value of 0.01 ppm for fish [21] 
(Fig. 1). This can be due to the high levels of 
arsenic disposure and from organo-arsenic 
compound stored in the marine environment [22]. 
 

The mean values of Chromium were the least 
among the three investigated metals (0.03 ppm, 
0.002 ppm, 0.0005 ppm and 0.00025 ppm for gill, 
liver, kidney, and muscle respectively) which are 
far lower than the standard value (0.05-0.15 
ppm) of Chromium stated by WHO and FEPA 
(Federal Environmental Protection Agency) 
[23,24]. There were however no significant 
difference in the chromium concentrations of 
different organs. The mean values of Pb for gills 

(0.083 ppm), liver (0.029 ppm), kidney (0.083 
ppm) and muscle (0.043 ppm) were observed 
(Fig. 1). All the values of lead were lower than 
the standard value (0.3 ppm) issued by 
European Commission [20]. From Fig. 1, the 
accumulation pattern of metals in different 
organs of H. nehereus were: As>Pb>Cr for liver 
and Pb>As>Cr for kidney, gill and muscle. 
Concentrations of metals in muscle tissue of fish 
species collected from Northeast coast of India 
were determined [16]. They found higher 
concentration of Arsenic accumulation in 
Harpadon nehereus which was in agreement 
with this study. 
 

3.2 Arsenic (As), Lead (Pb) and 
Chromium (Cr) Concentration in H. 
ilisha 

 
The recorded values in H.ilisha revealed that 
muscle had the lowest average arsenic 0.029 
ppm while kidney had the highest average 
arsenic 0.070 ppm which are higher than the 
recommended value of 0.01 ppm [21] (Fig. 2). 
 
There was however no significant difference in 
arsenic contents of gill, liver and muscle except 
kidney. The observed values of Chromium in 
different organs were the least among the three 
investigated metals which are far lower than the 
standard value of Chromium [23,24]. The mean 
values of lead (0.038 ppm, 0.025 ppm, 0.076 
ppm, 0.034 ppm for gill, liver, kidney and muscle 
respectively) were observed which are also lower 
than the standard value of 0.3 ppm and showed 
a significant (P<.05) variation between lead 
contents of liver and kidney. The accumulation 
patterns in the gill and liver of the H. ilisha 
revealed the following order, As>Pb>Cr. In the 
kidney and muscle, the concentrations revealed 
Pb>As>Cr sequence (Fig. 2). 

 
3.3 Arsenic (As), Lead (Pb) and 

Chromium (Cr) Concentration in 
Pampus chinensis 

 
The observed values in P. chinensis 
demonstrated that the mean values of arsenic 
obtained from kidney and gill (0.067 ppm and 
0.029 ppm respectively) were significantly 
(P<.05) different from the values of liver and 
muscle (0.036 ppm and 0.032 ppm) (Fig. 3) 
which are higher than the recommended value 
0.01 ppm. [21] 
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Fig. 1. Distribution of Arsenic (As), Lead (Pb) and Chromium (Cr) in different organs of H. 
nehereus. Bars with different letters (a and b) differ significantly (P<0.05) 

 

 
 

Fig. 2. Distribution of Arsenic (As), Lead (Pb) and Chromium (Cr) in different organs of H. 
ilisha. Bars with different letters (a and b) differ significantly (P<0.05) 
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Fig. 3. Distribution of Arsenic (As), Lead (Pb) and Chromium (Cr) in different organs of P. 
chinensis. Bars with different letters (a and b) differ significantly (P<0.05) 

 
Table 1. The comparison of different organs of the species with respect to the Arsenic (As), 

Lead (Pb) and Chromium (Cr) accumulation levels 
 

Heavy metal H. nehereus P. chinensis H. ilisha 

Ar K
1
>L

1
>G

2
>M

2 
K

1
>L

1
>M

2
>G

2 
K

1
>L

1
>G

2
>M

2 

Pb K
1
=G

1-2
>M

1-2
>L

2 
K

1
>G

1-2
>M

1-2
>L

2 
K

1
>G

1
>M

2
>L

2 

Cr G
1
>L

1
>K

1
>M

1 
G

1
>K

1
>L

1
=M

1 
G

1
>K

1
>M

1
=L

1 

*The difference in the metal accumulation levels of the organs with a different number in the same row relating to 
any species is significant (P<.05). 

K=kidney; G=gill; L=liver; M=muscle. 

 
The mean values of Chromium in different 
organs were the least among the                                 
three investigated metals which are far lower 
than the standard value [23-25]. There was no 
significant difference in the chromium 
concentrations of different organs. The                       
average values of lead were also observed 
(0.067 ppm, 0.008 ppm, 0.083 ppm and 0.021 
ppm for gill, liver, kidney and muscle 
respectively) which are also lower                                 
than the standard value. The accumulation levels 
of metals in organs of P. chinensis                                 
were: Pb>As>Cr for gill and                                         
kidney and As>Pb>Cr for liver and muscle             
(Fig. 3). 

In this study, arsenic and lead had the highest 
concentrations in all tissues of the investigated 
species while chromium was the element that 
had the lowest detected concentration. 
 

3.4 Organ and Species Wise Arsenic 
(As), Lead (Pb) and Chromium (Cr) 
Concentration 

 
The data in Table 1 portrays significant 
differences in the metal amounts except Cr 
among different organs and among different 
investigated species. It has been reported that 
the liver, the gill, and the kidney could 
accumulate heavy metals in higher concentration 
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compared to the muscle [26,27] which on the 
other hand can be a blessing as muscle is the 
most consumed part widely. 
 
When we consider the organs of all three fishes, 
highest concentration of arsenic was estimated in 
kidney and second-best value was recorded in 
liver (Table 1). Arsenic concentrations in liver 
and kidney found statistically different from gill 
and muscle. This might be related to the feeding 
habit of fish species which feeds on decayed 
organic matter and the planktonic sources. 
Fishes can develop pollutant-sequestering 
detoxifying systems, because of which fishes are 
not significantly affected by the toxicity of heavy 
metal pollutants [28], but the secondary 
consumers like human can be affected by this. 
 
In case of all three fishes, highest lead 
concentration was estimated in kidney and the 
second-best value was recorded in gill. The 
recorded values in liver and muscle were 
significantly different from the kidney and gill 
(Table 1). However, a study in the west coast of 
India found that lead concentration exceeded 
maximum permissible limits in gill (1.55 ppm) and 
liver (0.85 ppm) tissues of Harpodon nehereus 
during monsoon period [29]. On the contrary, 
another study reported higher concentration of 
lead in the liver than the gill and the kidney [30]. 
The possible reasoning of these can be because 
of the variability of the environment as well as the 
nature of the species investigated. 
 
For all three marine fishes, chromium 
concentration was found highest in gill with very 
lower value in liver, kidneys and muscles which 
were not statistically different (Table 1). An 

MSDS (Material Safety Data Sheet) report 
showed that chromium accumulates primarily in 
the gill, liver, kidney, and bone in different fish 
species [31] because these internal organs 
directly encounter the water through respiration. 
The observation of this study agrees with those 
of another study [32]. For instance, the muscle 
Pb contents of three investigated fish species 
were remarkably higher than a metabolite organ, 
liver (Table 1). This finding could be due to the 
specific bioaccumulation characteristics of fishes 
which is especially specific to different species 
and the elements [33,34]. 
 
So, as of Table 1 which shows that in terms of 
organ the metals were mostly concentrated in the 
kidney tissues. But the concentration in muscle 
was found to be the lowest which is a positive 
finding as we consume the muscles widely even 
though the concentration of arsenic in muscles 
was recorded higher than the safety values.                      
The higher concentration in arsenic in edible 
parts like muscles can be because of the higher 
level of bioaccumulation of this heavy metal 
compared to the other investigated metals. 
Therefore, there is a clear need of further studies 
which can reveal the nature of Arsenic 
accumulation in the different organs of fishes and 
its variability compared to other metallic 
elements. 
 
It was observed that H. nehereus showed the 
highest metal accumulation value compared to 
the other two species (Table 2). As H. nehereus 
occupies a higher trophic level of the food chain, 
the bioaccumulation process may increase the 
concentration of metals in their bodies.  

 
Table 2. The comparison of the fish species with respect to the Arsenic (As), Lead (Pb) and 

Chromium (Cr) accumulation levels of the organs 
 

Heavy metal Organ Fish species 

Ar Gill H. nehereus
1
>H. ilisha

1-2
>P. chinensis

2 

Liver H. nehereus
1
>H. ilisha

1-2
>P. chinensis

2 

Kidney H. nehereus
1
>H. ilisha

1
>P. chinensis

1 

Muscle H. nehereus
1-2

>P. chinensis
1
> H. ilisha

2 

Pb Gill H. nehereus
1-2

>P. chinensis
1
> H. ilisha

2 

Liver H. nehereus
1
>H. ilisha

1
>P. chinensis

1 

Kidney H. nehereus
1
 >P. chinensis

1
> H. ilisha

1 

Muscle H. nehereus
1
>H. ilisha

1
>P. chinensis

1 

Cr Gill H. nehereus
1
 >P. chinensis

1
> H. ilisha

1 

Liver H. nehereus
1
>P. chinensis

1
= H. ilisha

1 

Kidney H. nehereus
1
 >P. chinensis

1
=H. ilisha

1 

Muscle H. nehereus
1
 >P. chinensis

1
= H. ilisha

1 

*The difference in the metal accumulation levels of the marine fish species with a different number in the same 
row is significant (P<.05). 
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The bio- accumulation mechanism involves 
uptake of the metal with food taken by marine 
organisms. The food is digested, assimilated, 
and excreted but the metal accumulates in the 
organs of the fishes [35]. The metal 
concentrations of different marine fish species 
have been widely studied [36,13,37,38,29].  
 
Despite the limitation of time frame, budgeting, 
and logistic facilities; the findings of this study 
create the passage to think critically for ensuring 
a sustainable pollutant free environment for 
marine fishes and draw special emphasize on 
the Chattogram coast of Bangladesh. There are 
similarities, as well as differences, between the 
results from our study and the findings from 
another research. It has been indicated that the 
levels of metals in fish depend on habitats, the 
durations of exposure of the fish to contaminants, 
their feeding habits and the age and the size of 
the species [39,40]. 
 
Therefore, we can conclude that the studied 
value of arsenic is higher than the recommended 
values of human intake in all the three cases of 
fish, indicating the low water quality of 
Chattogram coastal area. The Chattogram 
coastal water might be highly polluted with 
arsenic. It could be associated to effluent 
discharges from a major industrial and siderurgic 
plant near the sea and to agro-industrial 
activities, mainly run off from agricultural soils 
where fertilizers are used and other waste [14]. 
 

4. CONCLUSION 
 
As being a widely exposed coast of the Bay of 
Bengal, Chattogram coast is affected by 
numerous numbers of metals. As this region is 
the principal harvesting areas of marine fishes, 
this metal toxicity can cause indeed a supreme 
problem in human health. From the findings of 
this study, it was concluded that the fish kidney 
exhibited highest accumulation of metals (As and 
Pb) in H.nehereus ,P. chinensis and H.ilisha. 
Fish gill showed highest accumulation of Cr in 
three investigated fish species which is lower 
than the standard value of Cr. The current 
research has revealed that arsenic concentration 
is far above from the safety levels while the 
concentration of lead is also approaching the 
acceptable limit. The immediate safety and strict 
regulatory actions on environment friendly 
discharge metal is mandatory which should be 
ensured by the government organizations as well 
as by the non-government responsible personnel 
and organizations. 
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