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ABSTRACT
Bioaccumulation of heavy metals is a burning problem of current times. Considerable studies on heavy
metal toxicity at various trophic levels of the ecosystem indicate the serious and far reaching implications
of the issue at a global scale. The current paper investigates the bioaccumulation pattern of heavy metals
such as Copper, Zinc, Lead in commonly consumed vegetables such as cauliflower, radish and brinjal
collected from selected areas in and around the metropolitan city of Kolkata. The bioaccumulation trend
shows that Zn>Cu>Pb irrespective of the study areas; Swarupnagar Community Development Block and
East Kolkata Wetlands. The pattern of accumulation in vegetables also shows the order
Radish>Cauliflower>Brinjal irrespective of the selected areas. A long term survey on the
bioaccumulation pattern of heavy metals through seasons may prove the potential of the species to be
used as indicator of heavy metal pollution. Such studies are to be repeated with rigorous monitoring of
the commonly consumed vegetables in and around Kolkata to prevent the long term effects of such toxic
consumption.
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Introduction:
Bioaccumulation of toxic heavy metals is one of the burning environmental issues of current
times. The mobilization of heavy metals into the biosphere by human activity has become an
important process in the geochemical cycling of these metals. Toxic heavy metals such as arsenic
(As), lead (Pb), cadmium (Cd), and mercury (Hg) have serious health implications among the
heavy metals (Csavina et al., 2012; Sharma et al., 2014; Gupta et al., 2015a). Considerable
studies on toxic heavy metals in different trophic levels of the ecosystem are already available as
reference scientific literature to understand the magnitude of this problem. Exposure to
environmental pollutants is an important problem of environmental toxicology (Zukowska et al.,
2008). The rise of ecotoxicology (also termed environmental toxicology) is generally associated
with the 1960s and the first formal definition came from Truhaut (1977) who considered
ecotoxicology to be the branch of toxicology concerned with the effects of pollutants on the
constituents of an ecosystem in an integrated context. A number of variants on this definition
have appeared over the years (reviewed in Newman 1998), but all of them embrace much of
Truhaut’s (1977) original concept (Relya and Hoverman, 2006). Terrestrial and aquatic
ecosystems are most vulnerable to pollution due to series of factors including toxic heavy metals
that leads to bioaccumulation at different trophic levels (Boran and Altınok, 2010). Any metallic
element with a relatively high density and toxicity even at lower concentrations is ascribed to be
‘heavy metal’ (Lenntech, 2004). The metal distribution in the atmosphere is dependent on
various environmental factors (Khlifi and Hamza-Chaffai, 2010). The toxicity of heavy metals is
a significant environmental issue in current times (Jaishankar et al., 2013; Nagajyoti et al., 2010).
Natural and anthropogenic activities such as solid-waste disposal, atmospheric deposition, and
the application of sewage sludge and waste water irrigation on land are the main sources of
heavy metal contamination in the environment (Chen, 2007, Cui, et al., 2005, Komarnicki, et al.,
2005). Various sources of heavy metals include soil erosion, natural weathering of the earth's
crust, mining, industrial effluents, urban runoff, sewage discharge, insect or disease control
agents applied to crops, and many others (Morais et al., 2012). Soils may become contaminated
by the accumulation of heavy metals and metalloids through emissions from the rapidly
expanding industrial areas, mine tailings, disposal of high metal wastes, leaded gasoline and
paints, land application of fertilizers, animal manures, sewage sludge, pesticides, wastewater
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irrigation, coal combustion residues, spillage of petrochemicals, and atmospheric deposition
(Khan, et al., 2008, Zhang, et al., 2010). The contamination of aquatic and terrestrial ecosystems
with a wide range of pollutants and especially heavy metals has become a matter of concern over
the last few decades (Vutukuru, 2005; Dirilgen, 2001; Voegborlo, et al., 1999; Canli, et al., 1998;
Velez and Montoro, 1998; Janssen, et al., 1993; Conacher, et al., 1993). Heavy metal
contamination has deleterious effects on the ecological balance of the ecosystem irrespective of
its nature such as terrestrial, aquatic or marine (Farombi, et al., 2007; Vosyliene and Jankaite,
2006; Ashraj, 2005). Heavy metal accumulation in soil interrupts the normal functioning of soil
ecosystems and plant growth (Khan et al., 2008; 2008). Heavy metals such as lead (Pb),
cadmium (Cd), mercury (Hg) and chromium (Cr) generally refer to metals having densities
greater than 5 g/cm3 (Oves et al., 2012; Järup, 2003; Raut, et al., 2005). An alternative
classification of metals based on their coordination chemistry categorizes heavy metals as class
B metals that come under non-essential trace elements, which are highly toxic elements such as
Hg, Ag, Pb, Ni etc. (Nieboer and Richardson 1980). These heavy metals create toxic effects on
human health by forming complexes with organic compounds (Akbulut et al., 2011). Composite
effluents stained with different heavy metals are major environmental pollutants of varied
wetland ecosystem (Cheung et al., 2003; Chatterjee et al., 2006). Metal toxicity has high impact
and relevance to plants and consequently it affects the ecosystem, where the plants form an
integral component. Plants growing in metal-polluted sites exhibit altered metabolism, growth
reduction, lower biomass production and metal accumulation (Nagajyoti, et al., 2010). Studies
have been conducted throughout the world to determine the effects of toxic heavy metals on
plants (Reeves and Baker, 2000; Fernandes and Henriques, 1991). Toxicity may result from the
binding of metals to sulphydryl groups in proteins, leading to an inhibition of activity or
disruption of structure, or from the displacing of an essential element resulting in deficiency
effects (Van Assche and Clijsters, 1990). In addition, heavy metal excess may stimulate the
formation of free radicals and reactive oxygen species, perhaps resulting in oxidative stress
(Dietz et al., 1999). Lead can adversely influence the intelligence development of children, cause
excessive lead in blood, and induce hypertension, nephropathy and cardiovascular disease
(Ekong, et al., 2006, Goyer, et al., 1993, Navas, et al., 2007). The general body of the literature
on lead toxicity indicates that lead exposure in children and adults can cause a wide spectrum of
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health problems depending on dose of exposures ranging from convulsions, coma, renal failure
and death at the high end to subtle effects on metabolism and intelligence loss at the low end
exposures (US Agency for Toxic Substances & Disease Registry, 1999). The toxic effects of
mercury on edible crops and vegetables are humongous leading to far reaching consequences. Hg
and Pb are associated with the development of abnormalities in children (Gibbes and Chen,
1989). Some others heavy metals such as copper (Cu), zinc (Zn), chromium (Cr), manganese
(Mn) lie in the narrow ‘window’ between their essentiality and toxicity, i.e., they are
nutritionally essential at lower levels but can also be toxic when certain limits are exceeded
(Loutfy et al., 2012). When heavy metals are dispersed into water, soil and air, they could be bioaccumulated by the crops (Fu, et al., 2008, Xiu, et al., 2009) as well as in the fishes via aquatic
medium (Lorenzon, et al., 2001, Vutukuru, 2005, Akan, et al., 2012, Mitra, et al., 2014, Arantes,
et al., 2016, Dutta et al., 2017).
Vegetables constitute essential diet components by contributing protein, vitamins, iron, calcium
and other nutrients, which are usually in short supply (Thompson and Kelly, 1990). Vegetables
play important roles in human nutrition and health, particularly as sources of vitamin C,
thiamine, niacin, pyridoxine, folic acid, minerals, and dietary fiber (Siegel, et al., 2014). Heavy
metal in vegetables is of growing concerns since some soils and irrigation waters are
demonstrated to be polluted (Sipter, et al., 2008). Vegetables easily take up heavy metals and
accumulate them in their edible parts (Sipter, et al., 2008). Once vegetables containing high
levels of heavy metals are consumed by human, such metals can cause several clinical and
physiological problems (Khan, et al., 2008, Kumar, et al., 2007). Simple correlation analysis by
(Ye, et al., 2015) revealed that there were significantly positive correlations between the metal
concentrations in vegetables and the corresponding soils, especially for the leafy and stem
vegetables such as pakchoi, cabbage, and celery. This study by (Ye, et al., 2015) further reveals
that Bio-concentration factor (BCF) values for Cd are higher than those for Pb and Cr, which
indicates that Cd is more readily absorbed by vegetables than Pb and Cr. Therefore, more
attention should be paid to the possible pollution of heavy metals in vegetables; especially Cd.
Knowledge of acute toxicity of a xenobiotic often can be very helpful in predicting and
preventing acute damage to aquatic life in receiving waters as well as in regulating toxic waste
discharges (APHA, 1998). The edible vegetables grown in wastewater-irrigated soil shows
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significant accumulation of heavy metals in their edible parts (Gupta, et al., 2008, Gupta, et al.,
2010). A number of excellent reviews of aquatic ecotoxicology have been conducted during the
past decade (Brock et al., 2000a, b, Fleeger et al., 2003, Relyea et al., 2005, Dutta et al., 2017).
These reviews have provided extensive information on the direct toxic effects of a wide range of
contaminants and, in some cases, the indirect effects of pesticides that occur when a given
species is eliminated or reduced in number (Relyea and Hoverman, 2006). Soil threshold for
heavy metal toxicity is an important factor. It affects the soil environmental capacity of heavy
metal and determines cumulative heavy metal loading limits. For soil-plant system, heavy metal
toxicity threshold is the highest permissible content in the soil (total or bioavailable
concentration) that does not pose any phytotoxic effects or heavy metals in the edible parts of the
crops does not exceed food hygiene standards (Islam et al., 2007). Heavy metal accumulation in
soils is of concern in agricultural production due to the adverse effects on food quality (safety
and marketability), crop growth (due to phytotoxicity) (Ma et al., 1994; Msaky and Calvert,
1990; Fergusson, 1990) and environmental health (soil flora/fauna and terrestrial animals). The
mobilization of heavy metals into the biosphere by human activity has become an important
process in the geochemical cycling of these metals. Considerable studies on toxic heavy metals
in different trophic levels of the ecosystem are already available as reference scientific literature
to understand the magnitude of this problem.
In the current paper, considerable concentrations of heavy metal have accumulated in the body
tissue of vegetables collected from East Kolkata wetlands area compared to those collected from
the Swarupnagar region, a socio-economically prolific hamlet found in Bangaon of North 24
parganas district of West Bengal India. The analysis was carried out through Atomic Absorption
Spectrophotometer (AAS) after acid digestion.

Methodology:
a) Description of study areas:
Swarupnagar is a community development (CD) block that forms an administrative division in
Basirhat subdivision of North 24 Parganas district in the Indian state of West Bengal.
Headquarters of this block is at Swarupnagar. It is located 30 km from Barasat, the district
headquarters. It is located at 22°50′00″N 88°52′00″E. Swarupnagar CD Block is bounded by
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Gaighata CD Block in the north, Kalaroa Upazila in Satkhira District of Bangladesh in the east,
Baduria CD Block in the south and west, and Habra I CD Block in the west.
The metropolitan city of Kolkata with its ever expanding urbanscapes lies on the fringes of this
area. The huge peri-urban population living in this Community Development Block is majorly
dependent on agriculture. The humongous proportions of vegetables grown in this area are
transported to Kolkata and outskirts. The agricultural fields in the area and rich variety of fishes
grown in the innumerable fish ponds locally termed as bheries/pukurs are nourished by water
and soils historically rich in toxic heavy metals and hazardous chemicals. The food security
challenges and issues associated with population explosion of gangetic West Bengal are fulfilled
by the farm productivity of the wetlands. Hence, bioaccumulation studies are of pivotal
importance in this area.
The East Kolkata Wetlands (EKW), located on the eastern fringes of Kolkata city is one of the
largest assemblages of sewage fed fish ponds spread over an area of 12,500 ha (Fig. 1). These
wetlands form a part of the extensive inter-distributory wetland regimes formed by the Gangetic
Delta. EKW sustains the world's largest and perhaps oldest integrated resource recovery practice
based on a combination of agriculture and aquaculture, and provides livelihood support to a
large, economically underprivileged population of around 20,000 families which depend upon
the various wetland products, primarily fish and vegetables for sustenance. Based on its immense
ecological and socio cultural importance, the Government of India declared EKW as a Wetland
of International Importance under Ramsar Convention in 2003. The wetland system currently
produces over 15,000 MT per annum from its 264 functioning aquaculture ponds, locally called
bheries. Additionally, nearly 150 MT of vegetables are produced daily by subsistence farmers.
Needless to say, EKW serves as the backbone of food security of Kolkata City. EKW is a
classical example of harnessing natural resources of the wetland system for fisheries and
agriculture through ingenuity of local communities with their traditional knowledge.

Study Area Map:
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Fig. 1: Swarupnagar Community Block (on left) and East Kolkata Wetlands (on right)
b) Collection of vegetables:
The sample collection was carried during November 2017 from the study site. Vegetable samples
(Radish, Brinjal and Cauliflower) were collected from the agricultural plots in East Kolkata
Wetlands and Swarupnagar.
c) Analysis
The edible portions of the vegetables were removed separately and oven dried overnight at
1050C. After complete drying, the remaining portions were powdered and stored separately by
labeling the samples. 1 gm of dried portion (in three replicates) was mixed in 10ml solution of
HNO3 and HCl in the ratio 1:3 to form aqua-regia solution. The solution was stirred for few
minutes and kept for overnight. The flasks were then placed on a hot plate with tightly corked
and allowed to digest until a transparent and clear solution was obtained. This solution was
separately aspirated in Atomic Absorption Spectrophotometer with Hydride module (NOVA 350
Model) and the readings were recorded considering the blank correction.
Results: The bioaccumulation pattern of heavy metals indicates the trend Zn>Cu>Pb irrespective
of the study areas; Swarupnagar Community Development Block and East Kolkata Wetlands.
The pattern of accumulation in vegetables also shows the order Radish > Cauliflower > Brinjal
irrespective of the selected areas. The results of analysis are detailed in the Table 1 as under.
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TABLE 1: Selected heavy metal concentrations in vegetables collected from East Kolkata wetlands
(A) and Swarupnagar field (B)

Metal concentration (mg/kg) dry wt.
Species
Zn

Cu

Pb

A =46.28

A =21.40

A =9.96

B =21.89

B =11.22

B =3.74

A =19.15

A =11.20

A =8.98

B =10.56

B =8.44

B =1.75

A =28.48

A =14.05

A =9.13

B =11.96

B =10.75

B =2.09

Radish
(Raphanus sativus)

Brinjal
(Solanum melongena)

Cauliflower
(Brassica oleracea)
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A. East Kolkata Wetlands

B. Swarupnagar Community Block

Discussion:
Vegetables are common diet taken by populations throughout the world, being rich sources of
essential nutrients, antioxidants and metabolites by acting as buffering agents for acidic
substances produced during the digestion processes (Li et al., 2008). Continuous use of inorganic
fertilizers and pesticides although increased the global food production by many folds, have
degraded the ecological functioning of agricultural lands, lowered the quality and taste of
agricultural produce and have increased the health and environmental risks to human being
(Tilman et al., 2001). Vegetables take up heavy metals and accumulate them in their edible
(Bahemuka et al., 1991) and inedible parts in quantities high enough to cause clinical problems
both to animals and human beings when they consume these metal-rich plants (Alam et al.,
2003). The samples chosen for our current research are commonly grown and consumed in the
study site. The study stations form one of the major sources of the vegetables and fishes largely
consumed by people across Kolkata and outskirts. A major portion is also exported across the
country and abroad. Hence, it is extremely essential to monitor and assess the levels of toxic
substances, particularly heavy metals that bioaccumulate across the trophic levels of the selected
dynamic ecosystems. The present data reveals an issue of concern regarding the consumption of
vegetables collected from the selected areas. More such seasonal studies are to be carried out in
and around Kolkata on a temporal scale to assess and monitor the vegetables commonly
consumed by dense populations living in these areas on a large scale
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