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ABSTRACT 
 
Heavy metals i.e. Copper (Cu), Zinc (Zn), Manganese (Mn), Iron (Fe), Cadmium (Cd), Nickel 
(Ni), Mercury (Hg) and Arsenic (As) were analyzed in 35 samples of the fish muscle, from East 
Kolkata Wetlands (EKW). The concentration of heavy metals was in order of, Fe > Zn > Cu > 
Mn > Ni > As > Hg > Cd. The essential metals, such as iron, zinc, copper and manganese were 
in higher concentrations and, the non-essential and toxic metals such as cadmium, nickel, 
mercury and arsenic were generally low. The bioaccumulation pattern of metals in different 
species of fishes was as: Hypophthalmichthys molitrix > Oreochromis nilotica > Labeo rohita > 
O. mossambica > Channa marulius > Catla catla > Punctius ticto. The Pearson’s moment 
correlation coefficients among heavy metal were investigated and presented. This study revealed 
that fishes from the East Kolkata Wetland (EKW) may not be harmful to consumers since; levels 
of heavy metals were below the permissible limits issued by FAO/WHO. However, intensive 
study on fishes is a need to determine the bioaccumulation of heavy metals and other toxic 
pollutants i.e. pesticides, PCBs, PAHs, and dioxins in this area. 
 
Keywords: Heavy metal, freshwater fishes, muscle tissue, India. 
______________________________________________________________________________ 

 
INTRODUCTION 

 
Heavy metals in the aquatic environment can affect aquatic biota and pose a risk to fish 
consumers, such as humans and other wildlife. Heavy metals may enter aquatic ecosystem from 
different natural and anthropogenic sources, including industrial or domestic sewage, storm 
runoff, leaching from landfills/dumpsites and atmospheric deposits [1]. Metals like iron and 
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manganese are required for metabolic activities in organisms, but some other elements like 
arsenic, cadmium, chromium, copper, mercury, nickel, lead and zinc exhibit toxicity effects on 
aquatic organisms [2]. In aquatic ecosystem, heavy metals have received considerable attention 
due to their toxicity and accumulation in biota and fishes [3-4]. Accumulation of heavy metals in 
fishes leads to biomagnifications in the food chain. 
 
Fishes are major part of the human diet due to high protein content, low saturated fat and 
sufficient omega fatty acids which are known to support good health therefore, various studies 
have been taken worldwide on the contamination of different fish species by heavy metals [5-9].  
Fishes have been widely used as bio-indicators of pollution by metals. Muscle tissue of fish is 
the most frequently used for analysis because it is a major target tissue for metal storage and is 
the main edible part of the fish.  
 
In this study we emphasized measurement and distribution of heavy metals i.e. Copper (Cu), 
Zinc (Zn), Manganese (Mn), Iron (Fe), Cadmium (Cd), Nickel (Ni), Mercury (Hg) and Arsenic 
(As) in the muscle tissues of fishes, from East Kolkata Wetlands (EKW), India. Further, the 
observed levels of heavy metal are compared with available certified safety guidelines proposed 
by FAO/WHO [10-11].  
 

MATERIALS AND METHODS 
 

Sampling 
Sampling area was eastern part of Kolkata (formerly Calcutta), where series of ponds are located 
in a large wetland area known as East  Kolkata  Wetlands  (EKW),  spreading  over  an  area  of  
12,500  ha. The boundaries of the wetland system are currently located between 22025’’ to 
22040’’ N and 88020’’ to 88035’’ E. 
 
These wetlands are well known in the world for their multiple uses and these are the largest 
sewage fed wetlands in the world as they were included in the Ramsar List of Best Practice 
Wetlands (RLBPW) since August 2002. In this region wastewater aquaculture has have been 
flourished since 1918 [12].  
 
Thirty five samples of seven fish species, Catla catla, Oreochromis nilotica, Oreochromis 
mossambica, Labeo rohita, Hypophthalmichthys molitrix, Punctius ticto and Channa marulius 
were collected from selected aquaculture ponds of EKW (Figure 1). Fish samples were labeled, 
they were preserved using ice and transported to the main laboratory. All the samples were 
stored at -200C prior to pre-treatment and analysis. 
 
Pre-treatment of Sample  
Samples were thoroughly washed with Mili-Q water after removing the scales, and muscle 
portion, which was taken for further processing. Muscle tissue was oven dried at 1100C, 
powdered with pestle and mortar and was stored until chemical analysis. Heavy metals (Cu, Zn, 
Mn, Fe, Cd, Hg and As) were analyzed after digesting the homogenized samples in a mixture of 
concentrated nitric and perchloric acid [13]. Digestion was carried out after 0.5 gm homogenized 
powdered sample was placed in a Teflon beaker and digested with a few drops of sodium 
chloride solution (30%) and a 10 ml mixture (1:5) of concentrate Nitric acid (65%) and 
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concentrated Perchloric acid (70%). The free chlorine developed loosens the chemical bonds in 
organic compounds after gentle heating (at 70±5oC) in a water bath for 12 hrs and destroy the 
organic matter in order to transfer the metals into the solution. The digested samples were 
centrifuged and the supernatant was analyzed.  
 

 

 
 

Figure 1: Maps showing East Kolkata Wetland (EKW) 
 
Instrumental Analysis 
Flame Atomic Absorption Spectrometry (FAAS, Thermo, UK) was used for determinations of 
copper, zinc, manganese, iron, cadmium and nickel. Hydride generator (HG) coupled to atomic 
absorption and spectrophotometer was used to analyze total mercury (cold vapor mode) and 
arsenic (heating mode). Background corrections were applied whenever required during the 
analysis and the method of standard additions was used to compensate for matrix effects.  
 
 
 

East Kolkata 
Wetlands 
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Table1: Heavy metals concentration (µg g-1 dry wt.) in CRM-SW -8022) 
 

Metals Reference value *Measured value Recovery (%) S D (±%) 
Copper 71 73 103 2 
Manganese 582 645 111 11 
Zinc 289 312 108 8 
Iron 13771 15431 112 7 
Cadmium 173 172 100 1 
Nickel 160 174 109 9 
Mercury 26 27.2 104 4 
Arsenic 14 13.7 97 3 

Note: * average of three replicate 
 
Performance of the instrument was checked by analyzing the standard reference material 
solutions (Merck NJ, USA) concurrently to check the precision of the instrument. After 
appropriate dilutions of stock standard solutions, a five level calibration curve was prepared. 
Samples were analyzed in triplicate. The values obtained from the sample were corrected for 
final digestion volume and sample weight was taken. The results were reported on dry weight 
basis as µg g-1 (dry wt.). The detection limit for Zn, Fe, Cu, Cd, Mn, Ni, Hg, and As was, 0.01, 
0.06, 0.05, 0.01, 0.05, 0.02, 0.001, and 0.002 ppm, respectively. Duplicate method blanks were 
also processed and analyzed alongside the samples to check any loss or cross contamination. A 
certified reference material (SW 8022) was processed along with samples to determine the 
accuracy of the method and the results were compared to the acceptable limits (Table 1). The 
recovery of the studied heavy metals was ranged between 97±1 to 112±11 percent.   
 
Statistical Analysis  
The Pearson’s correlation coefficient was used to measure the strength of the association 
between heavy metal concentrations in the muscle tissue of fishes [14]. The p-values of less than 
0.1 and 0.05 were considered to indicate statistical significance. 

 
RESULTS AND DISCUSSION 

 
Concentrations of copper, zinc, manganese, iron, cadmium, nickel, mercury and arsenic in 
muscle tissue of fishes from East Kolkata Wetlands were presented in Table 2 and Table 3. The 
study of heavy metal concentrations in fishes was important with respect to human consumption 
of fish. Several studies shows heavy concentration in tissue of coastal fishes may vary 
considerably among the different species. This was possibly due to differences in metabolism 
and feeding patterns of the fishes. In the present study, the concentration of heavy metals in 
fishes was as: 
 

Fe > Zn > Cu > Mn > Ni > As > Hg > Cd. 
 
Copper 
Copper is an essential metal in fish and is regulated in the muscle tissue with high molecular 
weight proteins (metallothionein-like). The copper concentration in muscle tissue varied from 
2.12 µg g-1 to 27.94 µg g-1 and average value of 7.54±0.94 µg g-1 for fishes from EKW. The 
maximum concentration was observed for H. molitrix (21.1±6.1 µg g-1) and minimum for 
Punctius ticto (2.6±0.5 µg g-1). The observed values of our study were higher than fishes in 
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Nigeria, Turkey, Malaysia, Bhopal, and earlier report from India [15-23] but, lower than from 
EKW, India [8,24]. 
 

Table 2: Concentration mean and range (µg g-1dry wt) of heavy metals in muscle tissues of fishes from East 
Kolkata Wetlands (n=35) 

 

Metals FAO/WHO guidelines Mean 
Range 

Minimum Maximum 
Copper 30 7.54±0.94* 2.12 27.94 
Zinc 100 47.80±3.29 12.30 92.70 
Manganese 1.0 4.24±0.65 NT 12.97 
Iron 100 58.66±6.34 16.52 186.03 
Cadmium 1.0 0.31±0.12 NT 2.99 
Nickel 10 4.03±0.55 NT 8.97 
Mercury - 0.41±0.04 0.09 0.77 
Arsenic - 0.45±0.07 NT 1.22 

* SE= standard deviation /√n 
 
Zinc 
Zinc was the second abundant metal followed by iron. Like copper zinc is also an essential 
element in our food. The average concentration of zinc in all species was 47.80±3.29 µg g-1. The 
highest mean concentration of Zinc was in Labeo rohita (60.7±5.0 µg g-1) and lowest in Punctius 
ticto (14.5±2.2 µg g-1). It is generally believed that fish actively regulate zinc concentration in 
their muscle tissue. The observed values of Zn were higher than fishes from Afikpo, Nigeria, 
Turkey, Malaysia, Cameroon, Bhopal, India, river Ganges, West Bengal, India and earlier report 
from EKW [15,17-24] but, lower than fishes from lake Mugla, Turkey and river Ravi, Pakistan 
[7,26].   
 
Manganese 
Manganese is a metal with low toxicity but has a considerable biological significance and seems 
to accumulate in fish species. The manganese concentration in muscles of fish from EKW ranged 
between not traceable to 12.97 µg g-1 with the mean of 4.24±0.65 µg g-1. The lowest 
concentration of manganese was 1.4±0.5 µg g-1 in Punctius ticto and highest was 13.0±0.1 µg g-1 
in O. mossambica. Lower concentrations of Mn in fish tissue were reported by other workers 
from Nigeria, Malaysia and from EKW, India, respectively [15, 19, 23]. However, our 
concentrations were lower than fishes from lake Mugla, Turkey [7] and river Ravi, Pakistan [26]. 
 
Iron 
Iron was found most abundant metal in muscle tissue of all the studied species from EKW. Fish 
is the major source for iron in adults and children and deficiency of it causes anemia. The 
concentration of Fe in fish muscles from this study varies between 16.52 to 186.03 µg g-1

 (mean, 
58.66±6.34 µg g-1). The maximum concentration of iron was in O. nilotica (89.6±18.6 µg g-1) 
while the minimum was in Punctius ticto (38.5±18.3 µg g-1). The reported concentration of Fe 
was higher than reports from Turkey [16], Malaysia [19] and earlier reports from West Bengal 
[23] but, lower than fishes from Nigeria [15], other reports for EKW [24] and river Ravi, 
Pakistan [26]. 
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Table 3: Heavy metal concentrations (range and mean) in muscle tissue of fishes (µg g-1dry wt) 
 

Fish Species 
(no of samples) Cu Zn Mn Fe Cd Ni Hg As 

Catla catla  (4) 
3.0-11.0 
(5.5±1.9) 

22.9-41.0 
(29.2±4.2) 

NT-3.0 
(1.5±0.7) 

43.6-71.3 
(55.9±6.4) 

NT 
2.6-4.5 

(3.8±0.5) 
0.1-0.5 

(0.3±0.1) 
0.8-1.2 

(1.1±0.1) 

Oreochromis nilotica (8) 
5.0-10.0 
(7.1±0.7) 

34.0-72.0 
(51.2±3.9) 

NT-11.0 
(4.9±1.3) 

27.4-186.0 
(89.6±18.6) 

NT 
NT-7.5 

(2.6±1.1) 
0.1-0.7 

(0.5±0.1) 
NT-1.0 

(0.5±0.2) 

Labeo rohita (14) 
4.0-14.0 
(6.7±0.8) 

31.7-92.7 
(60.7±5.0) 

NT-11.7 
(3.2±0.9) 

16.5-126.0 
(42.3±7.0) 

0-1.2 
(0.2±0.1) 

NT-8.5 
(4.0±1.0) 

0.1-0.8 
(0.4±0.1) 

NT-1.0 
(0.4±0.1) 

Hypophthalmichthys 
molitrix (3) 

9.0-27.9 
(21.1±6.1) 

40.9-50.6 
(45.1±2.9) 

4.0-6.0 
(4.9±0.6) 

52.9-110.1 
(83.2±16.6) 

0-1.1 
(0.7±0.3) 

5.0-8.5 
(6.4±1.1) 

0.1-0.5 
(0.3±0.1) 

NT-0.2 
(0.1±0.1) 

Oreochromis 
mossambica (2) 

4.0-6.0 
(5.0±1.0) 

30.9-46.9 
(38.9±8.0) 

12.9-13.0 
(13.0±0.1) 

30.9-51.9 
(41.4±10.5) 

2.0-3.0 
(2.5±0.5) 

5.0-9.0 
(7.0±2.0) 

NT-0.1 
(0.1±0.1) 

NT.7-0.8 
(0.8±0.1) 

Punctius ticto (2) 
2.1-3.0 

(2.6±0.5) 
12.3-16.7 
(14.5±2.2) 

0.9-1.9 
(1.4±0.5) 

20.2-56.8 
(38.5±18.3) 

NT NT 
0.6-0.8 

(0.7±0.1) 
0.1-0.2 

(0.1±0.1) 

Channa marulius (2) 
5.2-7.7 

(6.5±1.2) 
22.3-33.1 
(27.7±5.4) 

6.4-9.5 
(8.0±1.6) 

27.6-83.8 
(55.7±28.2) 

NT NT 
0.4-0.5 

(0.4±0.1) 
NT-0.1 

(0.1±0.1) 

 
Cadmium 
Cadmium is a non-essential toxic metal, and may accumulate in humans from food chain 
magnification. Cadmium could be readily bioaccumulated in lower portion of food chain and 
bio-concentrate in multiple organs of fish. Cadmium values in this study were ranged from not 
traceable to 2.99 µg g-1 with an average of 0.31±0.12 µg g-1. Higher concentration of Cd was 
observed in O. mossambica (2.0-3.0 µg g-1), and other species shows low or negligible 
accumulation (NT-1.2 µg g-1). The observed values were comparable with fishes from Saudi 
Arabia [27] however, lower than levels from river Ravi, Pakistan, lake Mugla, Bhopal, 
Cameroon and fishes from Tamilnadu, India [6,7,20,25,28,29] but, comparatively higher than 
fish species from Turkey and Malaysia [16-19]. 
 
Nickel 
Aquatic environments generally have low concentration of nickel. The concentration of nickel in 
the muscle tissue of fishes from EKW was ranged between not traceable to 8.97 µg g-1 with the 
mean of 4.03±0.55 µg g-1. Maximum concentration was observed for O. mossambica (7.0±2.0 
µg g-1) and minimum for Channa and Punctius sp (not traceable). The observed values were 
comparatively higher than fishes from Turkey, India, Malaysia, Cameroon and river Ravi, 
Pakistan [16, 19, 25, 26]. 
 
Mercury 
Mercury is recognized as a highly toxic metal and stringently regulated by waste discharges. 
Movement of Hg (II) into aquatic ecosystem and its bioaccumulation as methylmercury in higher 
trophic levels are strongly influenced by the uptake of bioavailable forms of Hg (II). Fish 
obtained methylated mercury through dietary uptake, which could be influenced by size, diet, 
ecological and environmental factors. The concentration of mercury in muscle tissues of 
different fish species from EKW varied from 0.09 to 0.77 µg g-1 (mean 0.41±0.04 µg g-1). The 
highest mean concentration was observed in Punctius ticto (0.7±0.1 µg g-1), and lowest was in O. 
mossambica (0.1±0.1 µg g-1).  Our result of mercury are in agreement with earlier report on fish 
muscle from EKW [5] and fishes from Bangladesh [30].The average concentration of Hg in 
fishes from EKW were higher than Turkey [17], Bhopal, India [20] and Niger Delta, Nigeria 
[31]. 
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Arsenic 
Arsenic is released in the environment through natural processes such as weathering, and may 
circulate in natural ecosystems for long time. A well recognized arsenic problem of groundwater 
in West Bengal was first reported in the late 1980s. The muscle tissue of fishes from EKW 
shows low contamination levels and was ranged from not traceable to 1.22 µg g-1 with the mean 
of 0.45±0.07 µg g-1. Comparatively higher concentration of arsenic accumulation was observed 
in Catla and Oreochromis sp, however lower concentrations were accumulated by other studied 
species. The observed concentrations of arsenic in muscle tissue of fishes from EKW were 
higher than fishes from Turkey [17]. 
 
The essential metals, such as iron, zinc, copper and manganese are in higher concentrations, 
presumably due to their function as co-factors for the activation of a number of enzymes and 
regulated to maintain a certain homeostatic status in fish. On the other hand, the non-essential 
metals such as cadmium, nickel, mercury and arsenic have no biological function or requirement 
and their concentrations in fishes are generally low. In this study the metal concentrations   
varied significantly among seven species of fishes (Figure 2). The bioaccumulation pattern of 
heavy metals in muscle tissue of different species of fishes from EKW was observed as: H. 
molitrix > O. nilotica > L. rohita > O. mossambica > C. marulius > C. catla > P. ticto. So, 
Hypophthalmichthys molitrix was the most contaminated fish with heavy metals and Punctius 
ticto was the least contaminated in East Kolkata Wetland (EKW). 
 

 
 

Figure 2: Percent distribution of heavy metals in muscle tissue of fishes 
 
Accumulations of metals were generally found to be species specific and may be related to their 
feeding habits and the bio-concentration capacity [32-34]. It is well recognized that heavy metal 
uptake occurs mainly from water, food and sediments. However, the efficiency of metal uptake 
from contaminated water and food may differ in relation to ecological needs, metabolism, and 
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the contamination gradients of water, food, and sediment, as well as salinity and temperature 
[35]. 
 
Inter-Metal Relationship in fishes 
Inter-metal correlations of fish species were assessed and presented in Table 4. The correlations 
between the different metals may result from the similar accumulation behavior of the metals in 
the fishes and their interactions [36]. Noted significant correlations among metals may reflect a 
common source of occurrence and indicative of similar biogeochemical pathways for subsequent 
accumulation in the muscle tissue of fishes. In the present study, manganese is strongly 
correlated with cadmium and arsenic.  Nickel, similar to manganese showed high correlation 
with cadmium and arsenic. No other significant correlation was observed between studied heavy 
metals. 
 

Table 4: Pearson’s moment correlation coefficients between the heavy metals 
 

 Zn Mn Fe Cd Ni Hg As 
Cu 0.103 -0.026 0.150 0.138 0.131 -0.167 -0.265 
Zn  -0.084 -0.034 -0.069 -0.164 0.136 -0.083 
Mn   -0.059 0.501a,b 0.197 -0.136 0.257a 
Fe    -0.170 -0.347 0.132 -0.219 
Cd     0.380a,b -0.266 0.123 
Ni      -0.559 0.369a,b 
Hg       -0.396 

Note: significant correlations at p<0.01 are mark as a, and at p<0.05 are mark as b 
 

CONCLUSION 
 

When considering the heavy metals concentrations in fish species, the most important aspect is 
their toxicity to humans suitable for human consumption.  The results of this study revealed that 
consuming fish from the East Kolkata Wetland (EKW), India may not be harmful to consumers 
because observed values of heavy metals were below the permissible limits issued by 
FAO/WHO for human consumption. However, Mn is higher than certified level so, it is a matter 
of concern in fish accumulation. More intensive study is needed in order to determine the 
bioaccumulation of heavy metals in fishes from the study area. Further study on accumulation of 
organochlorine pesticides, PCBs, PAHs, and dioxins in fish tissues should be undertaken due to 
usage of these chemicals in India. 
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