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ABSTRACT
In vitro experiments on chromium, copper, lead and zinc heavy metals bioaccumulation using water
lettuce Pistia stratiotes Engl (Araceae) was conducted with 5, 10 and 20 mg/100 ml concentration for
a period of 20 days. The SEM-EDX was used to characterize the interaction between the metal and
plant. The results revealed the bioaccumulation of lead as high as 37.79% followed by chromium
8.63%, zinc 6.00% and copper 2.37%. The combustion process of bioaccumulated P. stratiotes
biomass have shown the total reduction of lead 3.84%, copper 2.34%, zinc 1.26% and chromium
0.99%. The combusted biomass in the form of ash 10% and river sand passed through 1 mm sieve,
sterilized and was amended to Pennisetum typhoides pot culture studies, revealed the healthy growth,
ensure the manure value of metal-loaded biomass.
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INTRODUCTION

A

number of chemical and pharmaceutical industries
have been established since past three decades.
Effluents from these industries are reportedly being
directly discharged onto surrounding land and water
bodies. Heavy metals from industrial and urban
discharges are deposited in different components of the
aquatic system such as water, sediments, soil and biota.
Heavy metals like Cd, Cr, Ni, Cu, Pb and Zn may
accumulate to a toxic concentration and cause
ecological damage (Singh and Ghosh, 2005). The
indiscriminate use of heavy metals containing fertilizers
and pesticides in agriculture resulted in deterioration of
water quality rendering serious environmental problems
posing treat on human beings and sustaining aquatic
biodiversity (Zhuang et al., 2007).
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Though some of the metals like Cu, Fe, Mn, Ni, Zn
and Pb are essential as micronutrients for life processes
in plants and microbes, while many other metals like Cd,
Cr and Pb have no known physiological activity but they
are proved detrimental beyond a certain limit
(Subhashini and Swamy, 2013). Phytoremediation is the
use of plants and to reduce the concentration or toxic
effects of contaminants in the environment.
Phytoremediation is the emerging technology, costeffective, efficient, novel, ecofriendly with good public
acceptance and long term applicability (Moosavi and
Sehatoleslami, 2013; Vaziri et al.,2013).
In recent years, there has been an ever increasing
interest in the study of metal accumulating plants for
environmental remediation application, termed as
phytoremediation. One method of phytoremediation is
phytoextraction which uses metal accumulating plants to
remove metal pollutants from contaminated sites by
concentrating in the harvestable form from the plant
(Zhuang et al., 2007). Phytoremediation of metal is a
cost-effective ‘green’ technology based on the use of
metal-accumulating plants to remove toxic metals from
soil and water (Huang et al., 2011).
In the present study, the water lettuce P. stratiotes
(Areaceae)
was
subjected
to
heavy
metal
concentrations in in vitro conditions to examine the
bioaccumulation potential and its combustion process as
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manure value was carried out to highlight the possibility
of using accumulated heavy metal from aquatic
environment in the biomass and reused as manure for
plant growth and development.

dispersive X-ray consisting 3.5 nm and 2.5 nm
resolution for tungsten filament (LaBb) and EDX
detector resolution 133 eV (TESCON, Czechoslovakia)
(Jamari et al., 2014).

MATERIALS AND METHODS

Pot Culture Studies
Pot culture studies were conducted using
Pennisetum typhoides at three different formulations to
analyze the growth conditions. Each pot incorporated
with 20 mg/100 ml: (i) heavy metals (Cr, Cu, Pb, and
Zn),
(ii)
dried
P.
stratiotes
biomass
after
phytoremediation, and (iii) combusted metal-loaded
biomass as manure. The controls were maintained with
tap water and were carried out for a period of 20 days.

Plant Sample Collection
Pistia stratiotes (Araceae), the water lettuce used in
this study were collected from a polluted water body in
Tiruchirappalli, Tamil Nadu, India. The plant is perennial
monocotyleton with soft leaves that form a rosette. Its
roots hanging submerged beneath floating leaves. The
leaves green in colour, 14 cm long and 17 cm wide and
fan shaped having parallel venation, covered in short
hairs, wavy margins to form basket like structures. The
plants were acclimatized for five days in tap water in tray
and then subjected to in vitro studies.

In vitro Experimental Design
After acclimatization, the plants were tested in in vitro
condition for three different concentration of chromium
(Potassium dichromate, Merck), and copper (Copper-II
sulphate, Himedia), lead (lead acetate, Merck) and zinc
(zinc sulphate, Hemedia) at 5, 10 and 20 mg/100 ml
respectively for 20 days as experimental time. Selected
heavy metal concentrations were added in each
Petridish from prepared stock solution. All the
Petridishes were exposed to normal sun-light for
detention time of 20 days. The Petridishes were shaken
gently at regular interval for uniform distribution of
metals in aqueous medium.

RESULTS
Bioaccumulation analysis of heavy metals
Studies on bioaccumulation of heavy metals such as
Cr, Cu, Pb and Zn were conducted in P. stratiotes (water
lettuce - aquatic weed) at 5, 10 and 20 mg/10 ml
concentrations for a period of 20 days (Figure-1).
Figure-1. Bioaccumulation of heavy metals by Pistia
stratiotes engl. (Araeae).
a) Initial stage of bioaccumulation-Day1; b) Second
stage of bioaccumulation-Day10; Third stage of
bioaccumulation-Day20; i) Control (water); ii) Chromium;
iii) Copper; iv) Lead; v) Zinc (20mg/100ml)

Anatomical Studies
Control plants and bioaccumulated chromium,
copper, lead and zinc leaves of P. stratiotes were
washed with deionised water, and were subjected to
anatomical studies. The cross sections was taken with a
thickness of 200-300 m using a clear stainless steel
razor blade, the unstain sections were mounted in
microscopic slides using a drop of glycerine covered
with a coverslip and photographed with the help of light
microscope with 100X magnification (Olympus CH20i).

SEM-EDX Elemental Analysis
SEM-EDX
analysis
were
carried
out
for
bioaccumulation of Cr, Cu, Pb and Za. The combustion
process for manure value of all the metals was also
evaluated in this study. To study the nature of P.
stratiotes after bioaccumulation, its leaves were
collected on the 20th day after exposure to respective
heavy metals. They were initially dried in shade,
followed by hot air oven (at 50C for one hour). Using
mortar and pestle, the dried materials were powdered
and placed in steel stub with carbon tape and sputter
coated with fold particle for 50 second in high vacuum
conditions for SEM-EDX analysis. The images of
bioaccumulated P. stratiotes biomass was captured
using scanning electron microscope coupled with energy
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The results indicated that P. stratiotes was able to
absorb the heavy metals and there were no
morphological changes observed and remain healthy till
7th day of experimental condition. Subsequently,
observation on the 8th day indicated that the plant
morphology has changed due to the accumulation of
heavy metals upto 20th day of observation (Figure-1).
Accumulation of heavy metal in plant causes
negative growth effects and also reduces their
photosynthetic process (Sandelio et al.¸ 2001). The
metal sorption in P. stratiotes and its subsequent
anatomical studies have shown that the heavy metal
were accumulated in the mesophyll tissue in accordance
with the study of Thlaspi caerulescens as reported by
Wojcik et al. (2005). The bioaccumulated leaf of
P.
stratiotes
was
sectioned,
examined
and
microphotographed. The microphotography of unstained
leaf anatomy revealed the bioaccumulation of Cr and Cu
in the mesophyll tissue (Fig. 2). Since Pb and Zn are
colourless heavy metals, leaf anatomy appears similar
to control.

SEM-EDX elemental analysis
Scanning Electron Microscopy equipped with Energy
Dispersive X-ray (SEM-EDX) analysis was conducted to
detect the bioaccumulation of heavy metal at cellular
and sub-cellular levels in P. stratiotes biomass, which
revealed 8.63% for chromium, 2.37% for copper,
37.79% for lead and 6.0% for zinc. In control sample,
these metals were not detected (Table-1, Fig.3).
SEM analysis of P. stratiotes biomass samples
clearly reveals the surface texture and pores in the
materials along with the morphological changes with
respect to shape and size of the materials after
accumulation of heavy metal ions. It is found that there
is a difference in the shape of control and metal-loaded
samples ensure the metal sorption as reported by Giri
and Patel (2012).

Pot Culture Studies
In final stage of experiments, the metal-loaded
biomass was subjected to combustion process showed
remarkable reduction in the percentage of heavy metals
of 0.99% for Cr, 3.84% for lead, 1.26 for Zn and there is
little reduction 2.34% for copper (Fig.3) than that of
metal-loaded biomass before combustion process.

Table-1. SEM-DEX analysis of bioaccumulation of metals and its combustion process in P. stratiotes
biomass as manure value
Bioaccumulation 20 mg/100 ml
Metals

Control
%

Cr

Cu

Pb

Zn

Combustion
Process (manure)

C

56.54

–

43.06

31.69

43.91

49.07

F

0.77

3.24

–

–

–

–

O

25.74

58.06

39.50

25.41

41.37

30.19

Na

1.30

1.20

–

0.21

–

1.45

Mg

0.37

0.98

–

0.33

0.38

0.78

Si

9.07

9.57

8.20

0.89

3.22

1.39

P

0.29

2.53

0.26

0.76

0.61

0.82

S

0.22

0.91

0.35

–

1.03

0.60

Cl

0.13

1.04

0.10

0.65

1.00

2.07

K

2.04

3.60

2.81

0.24

0.40

1.85

Ca

1.14

4.18

–

2.02

0.91

2.56

Fe

0.12

1.66

0.29

–

0.43

0.38

Al

0.41

3.47

2.49

–

0.74

0.42

Cr

–

8.63

–

–

–

0.99

Cu

–

–

2.37

–

–

2.34

Pb

–

–

–

37.79

–

3.84

Zn

1.34

0.94

0.43

–

6.00

1.26
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Figure-2. Leaf anatomy (100x) of Pistia stratiotes
Engl. Showing bioaccumulation of chromium and
copper. a) Control; b) Bioaccumulation of chromium in
mesophyll tissue; c) Bioaccumulation of copper in
mesophyll tissue.

Copyright@2017
special characteristic feature, this aquatic plant can be
employed easily for cost effective and ecofriendly green
technology for heavy metal reduction from the polluted
aquatic ecosystem and also recycle this heavy metal
pollutant is manure through combustion process.
Figure-3. Elemental analysis of Pistia stratiotes
Engl. Using SEM-EDX. i) Control; ii) Bioaccumulation of
chromium; iii) Copper; iv) Lead; v) Zinc; vi)
Bioaccumulation of metals and its product after
combusion
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Figure-4. Pot culture studies of Pennisetum typhoides
C-Control; Cr-chromium; Cu-Copper; Pb-Lead; Zn-Zinc
a) Pot culture supplemented with 20 mg/100 ml of heavy metals (Cr, Cu, Pb, Zn)
b) Pot culture supplemented with 20 mg/ml of respective heavy metals bioaccumulated Pistia stratioles.
c) Pot culture supplemented with 20 mg/100 ml of respective heavy metals bioaccumulated P. stratioles
combusted biomass
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