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ABSTRACT

The East Kolkata Wetland is a Ramsar site at the eastern fringe of Kolkata city. This
ecosystem faces severe threat to its ecological quality, thereby jeopardizing the overall
sustainability of the resource recovery practices of the entire 12500hector areas. Some wetland
plant species are well adapted to grow in high metal contaminated  area produced by
anthropogenic activity. Use of such vegetation in remediation purpose of contaminated water
with heavy metals is a promising cost-effective alternative to the more established treatment
methods of practice. In the present study, waste water samples  from the three sites were
collected and high BOD & COD values load &Chromium contamination were observed. So
the present study aimed for phytoremediative approach to reduce the pollution load in waste
water. Common regional wetland plant species Pistia stratiotes L. (water lettuce) was
selected for metal uptake efficiency and accumulation percentage. Results showed that BOD
& COD reduced during monsoon. Bio concentration factor was high in order of Root>Shoot
>Leaf for water lettuce. Bio concentration factor of chromium reduced in the different parts of
water lettuce during monsoon than summer and winter. More Cr was accumulated in root
(27.54 μg/g, 25 μg/g,28μg/g,) when compared to leaf (5.73 μg/g,4 μg/g, 5.8 μg/g)& shoot (
14.65 μg/g, 26 μg/g, 3 μg/g ). So, Water lettuce is a hyper accumulator of Cr and can be
applied for the remediation of surface watersin contaminated East Kolkata Wetland ecosystem
water bodies.
Keywords: East Kolkata wetland, phytoremediation, hyperacumulator, water lettuce,
heavy metal, bioremediation.

INTRODUCTION

In the developing countries, industrialization, growing population is being provoked by replacing
natural ecosystems with the main objective of commodity production for a short term benefit which
leads to the developing industrial colonies and also to dump urban wastes in the altered environmental
set-ups. The East Kolkata wetland system currently produces over 15,000 Mega ton per annum fish
from its 264 functioning aquaculture ponds, locally called bheries. Approximately 150 Mega ton of
vegetables are produced daily by subsistence farmers. Needless to say, EKW serves as the backbone
of food security of Kolkata City. EKW is under severe pressure due to anthropogenic stresses.
Changes in land use, rapid siltation due to changes in hydrological regimes, pollution and stakeholder
conflicts have greatly impaired the wetland functioning in healthy way. Different scientific
assessments on the wetland system have largely been restricted to research and no systematic
implementation approach to conservation and sustainable development of these wetlands has been
adopted till date. This ecosystems has a livelihoods of 0.2 million people who directly or indirectly
depend on its resources for sustenance. Aquatic ecosystem is a complex system regulated by several
biotic and abiotic factors which interact towards maintaining ecological equilibrium. Ecosystems are
capable of accommodating mild external forces including human exploitation and management
practices. However, due to the side effects and highly costs of physical and chemical techniques, the
biological methods especially phytoremediation, seem to be promising remedial strategies and so are
highlighted as alternative techniques to traditional methodologies. Although phytoremediation as a
“green technology” has shown many encouraging results, there have also been numerous inconclusive
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and unsuccessful attempts, especially in the field conditions, mostly because of biotic and abiotic
stresses. Abiotic stressors as the plant stress factors including high concentration of organic and
inorganic pollutants, salinity, flooding etc. could be considered as the main general themes adversely
affect phytoremediation efficiency.  Metals are released from a variety of sources such as urban
sewage, tanneries, leather& textile industry and chemical industries which are situated near the place.
Technologies used for their removal of heavy metals are generally from aquatic bodies include
reverse-osmosis, ion-exchange, electrodialysis, adsorption, etc. Most of these technologies are quite
costly, energy intensive and metal specific. Contrary to this, phytoremediation offers a promising
technology for heavy metal removal from waste water (Singh et al., 2011; Miretzky et al., 2004).
Even though having a large direct catchment area of 1,625 sq km (including the basins of Kulti, Piyali
Bidyadhuree, Adiganaga and Kolkata Municipal Corporation), inflows to thewetland are largely
governed by the sewage generated from the Kolkata Municipal Corporation (KMC). In the total
flows, more than 95% is siphoned off from the wetland to reduce water logging within the Kolkata
city. Aquatic macrophytes Pistia stratiotesL. has been extensively used for phytoremediation (Quian
et al., 1999; Skinner et al., 2007). Pistia stratiotes was used in laboratory experiments for the removal
of several heavy metals (Fe, Cu, Zn, Mn, Cr, and Pb) resulting from anthropogenic activity (Miretzky
et al., 2004). There are about 2500 tanneries in our country and nearly 80% of them are engaged in
chrome tanning process according to (Sinha et al., 2006).
Drastic reduction of freshwater flows and gradual dominance of marine flows generally induced rapid
siltation within the system. The carrying capacity of various canals within the KMC has been assessed
to be reduced in the range of 15 – 50% with silt depths ranging between 0.3 – 1.6 m. Where Pistia
stratiotes L. is a perennial freshwater weed spread across the wetland water and carries its entire life
cycle as free-floating plant, only the root system is completely submerged. This species takes up
metals from water, produces an internal concentration several folds greater than their surroundings
and shows much higher metal-accumulating capacity than non-hyper  accumulating terrestrial plants.
Therefore, this species was selected for present phytoremediation experiment. Metallic effluents can
have ecological impact on water bodies leading to increased nutrient load especially if they are
essential metals. These metals in effluent may increase fertility of water leading to euthrophication,
which in open water can progressively lead to oxygen deficiency, algae blooms and death of aquatic
life (Pickering and Owen, 1997). Heavy metals can bio accumulate and through the food chain and be
toxic level in man. The release of toxic heavy metals such as Chromium (Cr)  into the environment is
a serious pollution problem affecting water quality, therefore presenting a direct hazard to human
health.  Chromiumions which are frequently present in the wastewaters can cause renal dysfunction as
well as chronicle alterations in nervous system and gastrointestinal tract. Pistia stratiotes L., is a free
floating, aquatic plant with sessile leaves forming a rosette. The leaves are pale-green, 10-20 cm long
and 10 cm wide, spathulate to obovate with a rounded to truncate apex.  Lower size of the plant for
removal of heavy metals is a credit for this plant as compared to water hyacinth (Quinones et al.,
2006; Sinha et al., 2009; Mufarrege et al., 2010; Singh and Sinha 2011).  Its seeds germinate on the
hydro-soil and float to the surface within 5 days. Germination can also occur in the dark. P. stratiotes
does not survive freezing temperatures. Germination does not occur below 20°C. It flowers in summer
and give fruits at the end of hot season (Chadha, 1998).

MATERIALS AND METHODS

Collection of water samples

Water samples were collected once in a three times in all throughout the year during early morning at
a depth of 0.5m from the surface from three different study sites during one year (March 2013 –
April2014) and were kept in 2 liters plastic containers. The bottles were placed in ice-box
immediately after samplings.
Analysis of water samples
Different Water Quality parameters (viz. BOD, COD, Cr) were estimated by standard methods as
outlined by APHA. Water quality assessment was done on the basis of average values of physico-
chemical components during study period (2013-2014).
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Collection of plant sample

The ecosystem surrounding the leather tannery complex in east Kolkata was chosen for studying the
extent of chromium pollution and collecting plant and water samples for further study in laboratory.
First of all, water samples were collected in plastic bottles which were deionised, distilled and rinsed
with 10% nitric acid. Then, the sample of water was filtered using 0.45 microncellulose acetate filters.
Chromium concentrations in these water samples were measured using the atomic absorption
spectrophotometer Method. The hydrophytic plant water lettuce was collected from water bodies
adjacent to the tannery complex. The plant was later grown in the laboratory in Knop’s Solution.
Samples were prepared following standard methods for atomic absorption spectrophotometer (AAS;
Eaton et al., 1995; Isaac and Kerber, 1971).
The plant samples were washed thoroughly with Millipore water (18 M water from a Millipore water
purification unit). The whole plant were then cut into small pieces and dried in an air oven slowly at a
temperature of 90ºC. For digestion, 1.0 ± 0.05 g dried grounded plant parts were taken inside a 100-ml
Borosil beaker, 10 ml of concentrated HNO3 were added, swirled, and the mixture was kept for 10–12
h with occasional stirring. Porous beads were added and the mixture was heated over a hot plate
(temperature 120◦C approximately) gently until the escape of NO2 fume ceased. The beaker was
cooled to room temperature, and 10 ml each of concentrated HNO3 and HClO4 (70% pure) were
added. The mixture was boiled on a hot plate until the volume of the suspension reduced to
approximately 3–5 ml. This mixture was then cooled to room temperature. The solution was then
transferred into a 50-ml volumetric flask and then Millipore water was added up to the mark. The
extracts thus prepared were stored inside a refrigerator for determination of totalCr by AAS following
standard methods.

Exposure of plant in metal solution

The plant was washed properly in distilled water and propagated vegetatively in the laboratory in
Knop’s solution. Different solutions ofvarying Chromium concentration was prepared up to 200 mg/L
with intervals of 5mg/L and the plant allowed to grow in it to check its maximum tolerance level. Five
different test systems were prepared having Chromium concentrations of 5 mg/L, 10 mg/L, 15 mg/L,
20mg/L, 25 mg/L. 5 grams (dry weight) of plant were measured and then allowed to grow in these test
systems to quantify the amount of Chromium uptake by the plants.

Determination of Bio concentration factor

Bio concentration factor (BCF)=

RESULTS AND DISCUSSION

Thus, the present study is an attempt to detect the heavy metal in water sample of total East Kolkata
Wetland area. If this type of result comes in regular interval of time then Food web will be in a high
risk.

Fig:1 Concentration of heavy metal Cr in Sixteen different sample location of water
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From the, figure 1 it has been observed that chromium concentration is high in study site I than site II
& site III. The domestic sewage with considerable nutrient element, coming to water bodies results in
nutrient enrichment of that ecosystem . The similar trend is observed in the present study also.
Through paints, solders, pipes, building material, gasoline etc. Cr is a well known metal toxicant and
it is gradually being phased out of the materials that human beings regularly use. Deposition of waste
heavy battery industry for >50 percent of all anthropogenic emissions, and thus form a major
component of the global cycle of heavy metal.

Fig. 2.Changes in BOD along the outfall canal of East Kolkata wetland

Fig 3.Changes in COD along the outfall canal of East Kolkata wetland

The sewage loaded water after entering into an arrays of natural wetlands, locally named as bheries
based on their sizes, undergo a lot of ecological changes because of intricate interactions among
different structural components of these aquatic ecosystems. It has been observed that Initially, the



Int. J. Bio-res. Env. Agril. Sci., December 2015

136

very thick, dense, black coloured sewage water having very high BOD (>200ppm), COD (>600ppm)
are subjected to flow modification and bioaccumulation capacity of macrophytic components of the
receiving water bodies where most of the heavy solid substances including heavy metals get deposited
in the bottom of the water bodies and heavy metals also get accumulated within macrophytes. From
the Figure 2 & 3 seasonal effect on the BOD & COD has been studied where in the monsoon season
(month of August) it has been slightly reduced may be due to heavy rainfall water are flows solid
sewage cannot be loaded in  one place.

Biosorption of chromium by water lettuce

The ambient air and water temperature were fluctuating during the whole experiment period at around
25oC – 32oC.  At higher concentrations the plant died within a day and showed insignificant uptake
due to the chromium concentrations becoming inhibitory for its growth. A time bound study of
chromium removal is represented here upto 6hrs. The semi purified water are then allowed to enter
into the other water bodies through a screen of macrophytes mostly composed of water hyacinth
according  to(Tham, 2012).

Table 2. Percentage of Chromium Removal by water lettuce
TimeInitialChromiumConc.
(inmg/L)

Percentage uptake

5 80
10 60
15 90
20 55
25 36.8

Fig:5 Concentration of Cr (5mg/l, 10mg/l, 15mg/l,20mg/l,25mg/l) removed by Water lettuce in 1-
6hrs
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Fig.6. Seasonal effect on Bioconcentration factor of Chromium in different parts of water
lettuce.

An investigation was performed to evaluate the uptake capacity of Pistia in living condition for
adsorptive removal of chromium from heavy metal solution for examining a remedial measure for
disposal of chrome-lion wastewater in an urban wetland system. From Table 2 & figure 5 it has been
observed that primarily water lettuce absorbed chromium very rapidly but with duration of time in
different dilution more time of exposure uptake the chromium much higher than others. In Figure
6,experimental data showed that the root portion absorbed Seasonally more in summer & winter than
monsoon . More Cr accumulated in root (27.54 μg/g, 25 μg/g,28μg/g,) compared to accumulation in
leaf (5.73 μg/g,4 μg/g, 5.8 μg/g). & accumulation in shoot ( 14.65μg/g, 26 μg/g, 3 μg/g, )
Concentration of Chromium in a site I is 0.5.It was also noted that the plant could effectively remove
Cr from the solution with minor damage up to an initial Cr concentration of 5 mg/L. It has been
observed Bio concentration factor of chromium reduced in the water lettuce in monsoon time.Such
concentration and duration dependent removal were also obtained for cadmium using  water lettuce
(Alam et al., 1995). According to Mukhopadhyayet al. (2007) and O’Keefe et al. (1984), metal uptake
was higher for low metal concentration and decreased thereafter with increase in metal concentration.
Differential bioaccumulation pattern in different parts of plant would very well be accounted for by
the differences in movement of metal ions across biological membranes with the aid of transport
proteins and the sequestration of the metals at the tissue level with the help of other stress proteins
(Cobbett 2000; Robinson et al. 1993). Several reports on extent of metal accumulation by various
wetland plants imply their inherent property of heavy metal tolerance. The present study dealt with
recycling, reuses and rectification capacities of the different structural components (water and
macrophytes) in natural aquatic ecosystem functioning of some selected wetlands having contrasting
ecological features in the East - Kolkata Wetlands, India, aRamsar site.  These pollutants are produce
in an effort to improve human standard of living but ironically their unplanned intrusion into the
environment can reverse the same standard of living by impacting negatively on the environment
(Asamudo et al., 2005; Subhashini et al., 2003; Xiaomei et al., 2004). Most of the pond situated near
the main sewage flowing canal and as well s the main traffic highway and close to the solid waste
dumping areas recorded higher degree of metal contamination as evidence of spatial variation of
modified degree of contamination & Pollution load index indices in study area (Sarkaret al.,2010).
Availability of the oxygen demanding substances in soluble form were relatively less in wastewater
(Mukherjee,2011 ). Refinery effluents can seep into aquifers and pollutes the underground water or
where it is discharge without proper treatment into water bodies, the pollutants cannot be confined
within specific boundries (Nayyef and Amal, 2012; Asamudo et al., 2005). Heavy metal translocation
ability of Pistia stratiotes was reported by (Lu et al., 2011).
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CONCLUSION

Further study on the bioavailability of metals in the water lettuce is needed for the beneficial use of
metal-enriched plant biomass. Toxic metal pollution of waters and soils is a major environmental
problem, and most conventional remediation approaches do not provide acceptable solutions. The use
of specially selected and engineered metal-accumulating plants for environmental clean-up is an
emerging technology of recent years. Phytoremediation is an eco friendly approach for remediation of
contaminated water using plants. Plants, on the other hand, have evolved highly specific mechanisms
to import and utilize these metal ions studies revealed that heavy metals are not only retained in the
roots but transferred to the shoots and deposited in the leaves, at concentrations 100–1000- fold higher
than those found in non-hyper accumulating species (Rascio and Izzo, 2011). They can therefore
affect aquatic lives in enormous ways. The semi purified water are then allowed to enter into the other
water bodies through a screen of macrophytes mostly composed of water lettuce . The industrial
factories should utilize water lettuce to solve Chromium problem as it can be used as an eco-friendly
phytoextraction absorber of Cr heavy metal to solve industrial waste problem.
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