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Abstract Total mercury levels were quantified in Tilapia

mossambicus, Cirrhinus mrigela and Labio rohita, cap-

tured from East Calcutta Wetlands and Titagarh sewage fed

aquaculture ponds. The bioconcentration factor of collected

fish was assessed. Total mercury level ranged from 0.073

to 0.94 lg/g in both pre and post monsoon season. T.

mossambicus in both season and C. mrigela at pre mon-

soon, cross the Indian recommended maximum limit (0.50

lg/g wet weight) for food consumption and according to

World Health Organization guidelines all fish were not

recommended for pregnant women and individuals under

15 years ages. A significant correlation was observed

between mercury content of aquaculture pond water and

fish muscle tissue. Total mercury concentration in experi-

mental sites were higher than the control area (Wilcoxon

Ranked-Sum test p [ 0.05), which suggested the connec-

tion between mercury bioaccumulation and sewage fed

aquaculture.
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Mercury is one of the major toxic elements, contaminating

in the environment by natural as well as anthropogenic

activities and accumulating in the biota. Mercury pollution

in aquatic ecosystems has received great attention since the

discovery of mercury as the cause of Minamata disease in

Japan in the 1950s. Large quantity of mercury is being

released in the environment and is washed into aquatic

systems, where it is biologically converted into methyl-

mercury and accumulates in aquatic organisms. Fish

accumulate mercury directly from their food and the sur-

rounding water (Rainbow 1985). Mercury speciation

involves specific microbes, which subsequently concen-

trate mercury through the food chain and accumulate in the

tissue of fish and aquatic animals (Altindag and Yigit

2005). Mercury is a well know neurotoxic compound

(Chang 1977; Clarkson 1987; Louria 1992) which is listed

by the International Program of Chemical Safety (IPCS) as

one of the six most dangerous chemicals in the world’s

environment (IRIS-Integrated Risk Information System

1993). Mercury bioaccumulation in fish was found in river

contaminated by chlor-alkali industry in Cuba (De La Rosa

et al. 2009). Fresh water fish found in Ghana and South

Africa accumulated mercury ranging from 50 to 510 ng/g

wet weight (Campbell et al. 2003). The general population

is primarily exposed to mercury through consumption of

contaminated fish. Fish serve as a valuable and nutritious

component and rich protein source of the Bengali diet

(Darnton-Hill et al. 1988). Mercury through this important

food sources are major threats to human health. People who

consume significant amounts of contaminated fish may be

at risk of mercury toxicity. Fish are also important
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indicators of mercury contamination in surface water

through municipal waste and industrial effluents (Agarwal

et al. 2007).

Kolkata, the capital of the State West Bengal, India is

one of the major commercial and industrial cities of

Eastern India. The city dose not have any conventional

effluent treatment plant. Wastewater recycle zone of East

Calcutta wetlands (88�200–88�350E; 22�250–22�400N) acts

as effluent treatment plants of Kolkata, reduce high BOD

load of the sewage through the existing microorganisms

and algae present in the shallow water bodies of the area.

Like this system Titagarh municipality (22�4401100N;

88�2202500E) also culture fish in the maturation ponds of

their wastewater lagoon system. Both of the sewage fed

fisheries supply fresh water fish to market of Kolkata and

suburb. The Titagarh area is also an old industrial area

having a big thermal power station and a chlor-alkali plant.

The objective of the present paper was to investigate

mercury accumulation level of some common fish con-

sumed by the local people and also to identify the probable

sources of mercury contamination and their potential

human health risk.

Materials and Methods

Twenty-five individuals of Tilapia mossambicus, Cirrhinus

mrigela and Labio rohita were collected randomly from

two sampling sites (Fig. 1) in both pre and post monsoon

seasons of 2007 for determining total mercury level in fish

muscle tissues. Site 1 and Site 2 were East Calcutta Wet-

lands and Titagarh sewage fed aquaculture ponds respec-

tively. Candipur village of Notrh 24 Parganas (Fig. 1) was

selected as control sites as because no domestic sewage and

industrial effluents contaminate the aquaculture ponds of

this areas. The fish were collected directly from the fish-

erman and dissected on a polyethylene dissection board

using a clean stainless steel scalpel. The muscle tissues

were removed and washed with deionized water. The tis-

sues was dried at 50–55�C in hot air oven, homogenized to

a fine powder, and sealed in a desiccator with a silica gel

desiccant before total mercury analysis. Wet weight of the

samples was calculated from dry weight assuming that the

tissues contain 80% water (Zhang et al. 2007). About 0.5–

1 g of samples was taken in a round bottom flask, in which

10–12 ml of concentrated nitric acid and 1–2 ml of sulfuric

acid was added for digestion through a Bethge’s apparatus.

The mercury was determined by a cold-vapour atomic

absoption spectrophotometer (Mercury Analyzer-5840,

ECIL, detection limit 0.1 lg/l) at 253.6 nm using 20%

SnCl2 and 10% HNO3 (APHA, 1995). Relative standard

solution was run with the samples simultaneously to check

the precision of the instrument. A quantitative recovery of

standard used during analysis was 95%. The detection limit

of this method is 0.1 ppb. Accuracy and precision data

were found to be ±5 lg/l. Pond water sample was col-

lected in a sterile glass bottle with addition of HNO3.

Before analysis of mercury, the water sample was centri-

fuged and filtered through Whatman No. 42 filter paper.

Bio-concentration factors of the tissue were calculated

using the ratio of the tissue mercury concentration (lg/g

wet weight) and the mercury concentration (lg/ml) where

they grew. Log values of bio-concentration factors were

plotted for preparing the graph. The data of total mercury

level of pond water was used to estimate bio-concentration

factors only; the data was not shown in the current

communication.

The Wilcoxon Ranked-Sum test was used to determine

the statistical significance of differences (p [ 0.05)

between total mercury level in the muscle at test and

control sites. All data were tested for normality using the

Shapiro–Wilk test prior to analysis. Minitab 13 and SPSS

11 software was used for the statistical analysis.

Results and Discussion

Mercury concentration in collected fish ranged from to

0.073 to 0.94 lg/g wet weight are presented in Table 1.

Lower accumulation was observed in all tested species

collected from control areas and the highest mercury

accumulation was found in East Calcutta Wetlands areas.

T. mossambicus was the highest accumulator of mercury

followed by C. mrigela and L. rohita. All tested samples

accumulated more mercury in pre-monsoon than the post

monsoon season. The highest seasonal variation was

observed in L. rohita (46%) followed by C. mrigela and T.

mossambicus at Site-1, where as total opposite result was

found in Site-2 (Fig. 2). Like present observation, Sinha

et al. (2007) observed that total mercury accumulation in

fish from the River Ganges at Varanasi was higher in pre-

monsoon ranging from 0.205 to 4.369 lg/g. Our data

resembles with the observation of Altindag and Yigit

(2005), Carvalho et al. (2005) and Gammons et al. (2006)

where mercury concentration of fish varied from 0.012 to

2.74 lg/g (wet weight). The total mercury level of the

present study was higher than the fish collected from the

River Gomoti, India (Agarwal et al. 2007). Paul (1987) also

reported that total mercury level of 10 common edible fish

species from the Stanley reservoir at Tamil Nadu ranging

from 0.135 to 0.200 lg/g. These data is also less than the

range of total mercury level observed in our study.

The highest bio-concentration factor was observed in T.

mossambicus followed by C. mrigela and L. rohita. Same

pattern of bioaccumulation was observed in both the sea-

sons at all study areas (Fig. 3). Mercury biologically
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magnifies in aquatic ecosystem and accumulates in higher

concentration in top level consumer of the food chain

(Morel et al. 1998). Sinha et al. (2007) found that bio-

concentration factors of fish collected from the River

Ganges was 3–9 times more than that of the reference fish

samples.

Mercury concentration in T. mossambicus in all season

and C. mrigela in pre monsoon season had cross permis-

sible level for human consumption (0.23–0.47 lg/g of wet

weight of fish/day) recommended by World Health Orga-

nization (World Health Organization 1990), regulatory

bodies of United Kingdom, and the United States (Gam-

mons et al. 2006). The values also exceed the maximum

residue limit of Prevention of Food Adulteration Act, India

(PFA Act 1954, amended in 2002) (Fig. 4). Consumption

of all the collected fish samples was vulnerable for preg-

nant women, individuals under 15 years or frequent fish

consumers (World Health Organization 1990). L. rohita

Fig. 1 Map of study areas with

control site

Table 1 Summary data and total mercury level in lg/g wet weight in fishes collected from control area is Chandipur village, 24 Parganas (N),

Site 1 and 2 is East Calcutta Wetlands and Titagarh respectively

Sample Control area Site 1 Site 2

Pre monsoon Post monsoon Pre monsoon Post monsoon Pre monsoon Post monsoon

Tilapia (Tilapia mossambicus) 0.357 ± 0.04 0.2 ± 0.06 0.94 ± 0.05 0.73 ± 0.04 0.75 ± 0.03 0.50 ± 0.08

Mrigel (Cirrhinus mrigela) 0.091 ± 0.04 0.071 ± 0.05 0.75 ± 0.08 0.55 ± 0.08 0.69 ± 0.03 0.48 ± 0.09

Rohu (Labio rohita) 0.073 ± 0.03 0.053 ± 0.04 0.47 ± 0.05 0.32 ± 0.03 0.53 ± 0.075 0.40 ± 0.04

0

10

20

30

40

50

60

Control Site 1 Site 2

%
 v

ar
ia

ti
on

Tilapia mossambicus

Cirrhinus mrigela

Labio rohita

Fig. 2 Comparison of bio-concentration factors in three fishes

collected from Chandipur village (control), Site 1 (East Calcutta

Wetlands) and Site 2 (Titagarh)
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was supposed to be safe fish for human consumption for

both the seasons in all experimental sites.

All the fish captured from the Site 1 and Site 2 accu-

mulated more mercury in the muscle tissue than that of the

control Site. After analysis of Wilcoxon Ranked-Sum test,

it could be inferred that fish from industrial wastewater and

domestic sewage fed fisheries produce significant differ-

ence with the aquaculture practices in the rural areas

(p [ 0.05). Our observations were comparable with the

work of Zhang et al. (2007) where sewage fed aquaculture

impoundment was the major cause for significant differ-

ence of mercury accumulation in fish tissues.

Our data however indicate that consumption of the fish

collected from two sewage fed aquaculture farms, may

impose the risk of mercury toxicity among the regular

consumers though no incident of mercury toxicity had been

reported from areas till now. This study may help in the

follow up investigation and also help to prepare suitable

policy for the consumers.
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