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Phytoremediation that uses various types of plants to remove, transfer, stabilize and/or
degrade contaminants from the soil-water environment is an emerging technology.
This offers an attractive, environmental friendly, cost effective and safe alternative to
conventional clean up techniques, by utilizing the ability of certain plant species to
remediate metal polluted soil-water, thus keeping them out of the food chain. The
present paper describes the potential of Helianthus annuus for remediation of heavy
metals such as cadmium, lead and zinc from aquatic and mycorrhizal soil environment.
Phytoremediation of heavy metals by H. annuus shows that the plants have remediated
79-90% Cd, 77-89% Pb and 81-92% Zn at 5-50 ppm concentrations from the aquatic
environment. The metal accumulation efficiency of the plant increased with increasing
metal concentration and exposure period. H. annuus has been found to have high
biomass at varying exposure concentrations which resulted in increased uptake of
heavy metals. Maximum levels of zinc, cadmium and lead were observed in roots
followed by shoots. A pot culture experiment was carried out to study the uptake of
heavy metals, in particular Cd, Pb and Zn from mycorrhizal soil by H. annuus. The
uptake and bioaccumulation of metals was increased as the concentrations of the metals
increased in mycorrhizal soil. The bioaccumulation of metals in roots was increased
upto 35,600 pg gm™ - Cd, 32,473 pg gm™ -Pb and 34,535 pug gm™ -Zn; whereas uptake
in shoots was found 8,194 pg gm™ Cd, 16,227 pg gm™ Pb and 19,040 pg gm™ Zn at
higher metal concentration (50 ppm). The accumulation of metals was recorded highest
in roots of the plant followed by shoots. The result indicates that mycorrhizosphere has
enhanced the growth and uptake potential of sunflower in respect of Cd, Pb and Zn at
varying concentrations viz. 5, 10, 20 and 50 ppm. The research findings have proved
the potential of H. annuus for remediation of metals from contaminated soil-water
environment.

Introduction

resources,

depletion of natural causing
impact on ecosystems and degradation and
deterioration of the environment. The
accelerated growth of industrial activities has

Rapid industrialization, urbanization,
deforestation, increased use of pesticides,
chemical fertilizers in agriculture, and other
developmental activities have resulted in
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increased the hazardous wastes. The main
sources of the hazardous contaminants are
generated by the chemical industries, nuclear
industries. Nuclear wastes generated through
chemical processing and/or nuclear weapons
program have also enhanced the level of
hazardous environmental contaminants. The
hazard of radioactive waste depends on the
nature of radionuclides and, at the same
concentration, different radionuclides have
different levels of hazard. Radioactive
wastes found to contain radionuclides (U,
Pu, Tc, Cs, Sr), heavy metals (Cr, Pb, Hg,
Zn, Cd) and toxic organics (e.g. Benzene,
Toluene, Ethylene, Xylene,
Trichloroethylene, Tri butyl phosphate, Di
butyl phosphate etc.). The conventional
methods like physico-chemical treatments
are not being practiced to decontaminate the
radioactive wastes. Environmental
management of the metals and radionuclides
has become a major concern to the
environmentalists. There is an urgent need to
develop cost-effective and sustainable
technology to remove/reduce contaminants
from the environment. Phytoremediation
technology uses green plants to reduce,
remove, degrade or immobilize
environmental pollutants/ toxins from soil,
water with an aim of restoring area sites to a
condition useable for intended use (Vidali,
2001). The effectiveness of
phytoremediation technology depends on the
selection of appropriate plants or plant
species. Plants are unique organisms
equipped with remarkable metabolic and
adsorption capabilities, as well as transport
systems that can take up nutrients or
contaminants selectively from the soil and
water. The present research study has been
carried out to develop “Phytoremediation
Technology” for nuclear waste contaminants
with special reference to heavy metals. The
techniques have been developed for removal
of heavy metals-Cd, Pb and Zn from aquatic
and myecorrhizal soil environment. Green
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plants adapted in the environmental
contaminated sites have been screened for
their  uptake  potential at  varying
concentrations of heavy metals (Cd, Pb and
Zn). Based on the uptake potential of heavy
metals, the green plant was screened and
selected- Helianthus annuus. These plants
were used for phytoremediation of heavy
metals both from aquatic and soil
environment. Metals concentrations were
taken ranging from 0, 5, 10, 20 and 50 ppm,
based on the tolerance potential of screened
and selected plants.

Materials and Methods
Plant materials

The seeds of Helianthus annuus L.
(Sunflower var. TAS 82) were obtained
from Punjabrao Krishi Vidyapeeth, Akola,
Maharashtra. Seeds were pre-soaked in soap
and dettol solution for 15 minutes and
thoroughly washed in running tap water
until the soap solution was completely
removed. Then the seeds were sterilized
with 70% ethanol for 30 seconds followed
by sterilization with 0.1% mercuric chloride
for 3-5 min. The seeds were thoroughly
rinsed 5 times with sterile distilled water.
These sterilized seeds were inoculated in test
tubes containing MS (Murashige and Skoog
1962) basal medium supplemented with 3%
sucrose. Seedlings were allowed to grow for
one month under in vitro condition.

Hydroponic Experimental setup

Uniform plants were selected for the uptake
study. MS medium was drained off and
replaced with hydroponics media i.e.
Hoagland solution (Hoagland and Arnon,
1938) containing nutrient solution for the
acclimatization for 1 week prior to the
experiment. They are then transferred to
another Steinberg solution which contained
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each of the following heavy metal in a
separate set up: Cadmium supplied as Cd
(NOg3)2. 4H,0; lead supplied as Pb (NOs)2;
and zinc supplied as ZnSO,4. The different
concentrations of metals used in these
studies were 5, 10, 20, and 50 ppm with
control. Each experiment was carried out in
triplicates. Plants grown in nutrient solution
without metals served as control. The
sampling from aqueous solution containing
metals has been carried at an interval of 0,
1%, 3 7™ 14™ and 21% days in vitro
condition to ensure that uptake of each metal
is being taking place (Anamika et al. 2009).
500 pl of aliquots were withdrawn from
each concentration with increasing period.
These samples were used for the analysis of
cadmium, lead and zinc content. The
reduction in concentration of these metals in
the medium was attributed to their uptake by
the plants. At the end of the experiment the
plant samples were collected and washed
with de-ionized water twice and rinsed with
distilled water. Each sample was divided
into root and shoot and oven-dried at 60°C
until completely dry. Dry weights of roots
and shoots were determined and noted.

Soil sampling

The alluvial soil used in the pot experiment,
was collected from a depth of about 0-15 cm
along the banks of Surya River, Palghar
(located 100 km away from Mumbai). The
soil was air-dried and then passed through 2
mm sieve, and large stones and plant root
debris were removed. This prepared soil was
stored in a plastic bag at room temperature
(27-30°C) until the use.

Pot Culture Experiment

Pot culture experiments were conducted in
the green house. The growth medium in the
pots consisted of alluvial soil and
mycorrhizal inoculum (5:1) and treated as
Mycorrhizal soil (MS). The alluvial soil
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without the mycorrhizal inoculum was
treated as control. Mycorrhizal soil filled in
each 1 Kg capacity of pot (having perforated
base for proper aeration and drain
connecting system) and amended with heavy
metals: Cd as Cd (NOs),. 4H,0; Pb as Pb
(NO3); and Zn as ZnSO., separately. The
various concentrations applied for each
heavy metal was; 0, 5, 10, 20, 50 mg kg™.

The healthy Helianthus annuus seeds were
surface-sterilized with 0.1% mercuric
chloride for 5 min and subsequently washed
several times with distilled water to avoid
fungal contamination. Six seeds were sown
into each pot and the pots were randomly
placed in a green house at an average diurnal
temperature of 25-27°C, and a relative
humidity 40-60%. Plants were watered to
maintain soil moisture at 60-70% of water
holding capacity by adding water during the
experiment. 100 ml of Hoagland solution
(Hoagland and Arnon, 1938) was given to
growing plants once in a week. The drainage
collected at the bottom of the pot was also
added in the pots to avoid the loss of metals
through leachate. The plants were grown for
a period of two and half months.

Analytical Methods

Each sample (dried root and shoots) was
digested with 10 ml of perchloric acid: nitric
acid (HCIO4: HNO3z- 1.5 v/v) mixture
separately. Acid digestion was carried out
on hot plate at 70-100° C until yellow fumes
of HNO; and white fumes of HCIO, were
evolved. The digestion process was
continued until a clear solution remains after
volatilization of acids. The digestion was
stopped when the residue in the flask was
clear and white. The digested sample was
dissolved in distilled water, filtered for the
removal of impurities (APHA, 1998) and
made up to the desired volume. The samples
were analyzed by GBC 932 B+ Atomic
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Absorption Spectrophotometer (Australia)
using air-acetylene flame to estimate
cadmium, lead and zinc contents in the plant
samples.

Data Analysis

The heavy metals are taken up by the plants
through their roots from the solution.
Experimental data were analyzed for uptake
of cadmium, lead and zinc by Indian
mustard plants. The experiment was carried
out in triplicates and average values are
reported. Data were analyzed for mean and
standard deviation (X+£S.D.) using standard
statistical methods (Mahajan, 1997).

Results and Discussion

Phytoremediation of Heavy Metals in
Aquatic Environment

The remediation of heavy metals (Cd, Pb
and Zn) was carried out using H. annuus
from aquatic environment at the
concentrations ranging from 0, 5, 10, 20 and
50 ppm for a period of 21 days. The healthy
plants of Sunflower were grown in
Hoagland solution spiked with various
concentrations of Cd, Pb and Zn, separately.
After the growth, the plants were harvested
and analyzed for biomass and metal uptake
of heavy metals in the roots/ shoots.

Depletion of metals from the solution

The experiment was carried out for a period
of 21 days and aliquots of 500 pl were
withdrawn from each plant growth medium
at the interval of 0, 1, 3, 7, 14 and 21 days.
These samples were analyzed for cadmium,
lead and zinc content, separately. The results
show that H. annuus has efficiently taken
each heavy metal from the solution (Fig. 1).
H. annuus has remediated 79-90% of Cd
(Fig. 1A), 77-89% of Pb (Fig. 1B) and 81-
92% of Zn (Fig. 1C) at 5-50 ppm
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concentrations from the aquatic
environment. The highest amount of Zn was
translocated from solution to the plant than
Pb and Cd. The metals studied showed that
depletion of metal from aquatic environment
was inversely proportional to increasing
period of phytoremediation. Zn being a
micronutrient was found proportionately
bioaccumulated at lower to higher
concentrations upto 50 ppm; whereas Pb and
Cd was found toxic to the plants as the
concentration increased from 20 to 50 ppm.

Dry biomass analysis

After 21 days of experiment, the biomass of
H. annuus was determined with respect to
each heavy metal (cadmium, lead and zinc).
Table 1 represents the dried biomass of H.
annuus for Cd, Pb and Zn. There were
significant differences in the biomass of H.
annuus, when exposed to Cd, Pb and Zn at
various  concentrations  ranging  from
minimum to 50 ppm. Biomass of plant was
found to be 0.014 g in roots and 0.076 g in
shoots for Cd, 0.021 g in roots and 0.222 g in
shoots for Pb and 0.042 g in roots and 0.451
g in shoots for Zn at 50 ppm exposure; after
21 days period. The biomass yield was
reduced with increasing concentration of
metals. The statistical analysis has been
given for each heavy metal (Cd, Pb and Zn)
for minimum to 50 ppm exposure
concentrations. The biomass was also
inversely proportional to increasing period of
metal exposure. Similar findings were
reported by Boonyapookana et al. (2005), in
which the plant biomass of H. annuus in Pb
contaminated nutrient media declined with
increasing concentration. Kayser et al.
(2001) demonstrated that H. annuus
produced the largest biomass as compared to
B. juncea and S. viminalis in Zn and Cd
contaminated soil. Higher doses of heavy
metal can affect physiology, reduced plant
growth and dry biomass yield (Grifferty and
Barrington, 2000; Roy et al., 2005). Result
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shows that H. annuus has tolerance potential
to grow in contaminated environment and
efficiently remediated heavy metals in
aquatic conditions.

Bioaccumulation of metals in the roots
and shoots of plants

Our study showed higher accumulation of all
metals (Cd, Pb and Zn) in the roots than in
the shoots. The results based on the statistical
analysis showed an increasing trend as the
concentration of heavy metals increased
from 5 10, 20 and 50 ppm. The
accumulation of metal was found more in
roots followed by the shoots of sunflower.
The concentration of Cd in sunflower was
found 29,550 ug gm™ and 7,657 pg gm™ in
roots and shoots, respectively at the higher
exposure concentration i.e. 50 ppm (Fig.2A).
Pb concentration was found in roots 31,532
ug gm™ and in shoots 12,775 pug gm™ when
exposed to 50 ppm of Pb (Fig.2B). The
highest concentration of Zn exposure at 50
ppm shows the values for root- 33,325 pg
gm™ and shoot- 15,940 pg gm™ (Fig.2C).
Each metal  content was  found
bioaccumulated more in roots than the shoots
as the roots first exploit the uptake of
nutrients along with metal content and
bioaccumulated in plant. Pb was found more
bioaccumulated in roots as compared to other
two metals studied (Cd and Zn). Results
indicate that most of the Cd, Pb and Zn
concentrations were retained in the roots
leading to less translocation to aerial part
(Fig. 2). Roots of the plants act as a barrier
against heavy metal translocation and this
may be a potential tolerance mechanism
operating in the roots (Ernst et al., 1992).
These results are in agreement with the
earlier reports on aquatic plants, which have
shown significant accumulation of metal in
the roots from the externally supplied metal
solution (Sinha et al., 1996, 2002; Aslan et
al., 2003). The effect of repeated metal
exposure is also showing an increase in
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metal accumulation in treated plants as
reported earlier by Sinha et al., 2002, 2003.
The order of metal uptake by H. annuus was
found Cd< Pb< Zn. Zn being a
micronutrient, was efficiently taken by the
plants in higher concentrations as compared
to the Pb and Cd.

The heavy metals, viz. Cd, Pb and Zn
accumulation in roots and shoots of the
plant- H. annuus was compared and shown
Fig. 2. The data demonstrate that heavy
metals studied were found accumulated more
in roots followed by shoots of H. annuus.
The metal uptake in roots was found 2,430
ng gm™ (Cd), 2,222 pg gm™ (Pb) and 2,784
ug gm™ (Zn) at lower level of metals
exposure (5 ppm). The uptake of metals in
roots was increased upto 29,550 pug gm™ -
Cd, 31,532 pg gm™ -Pb and 33,325 pg gm™
-Zn at higher concentration- 50 ppm.
Similarly, the uptake of metal in shoots was
found to be 1,513 pg gm™ Cd, 1,366 pg gm™
Pb and 1,889 pg gm™ Zn at lower doses (5
ppm); whereas uptake increased to 7,657 ug
gm™ Cd, 12,775 pg gm™ Pb and 15,940 pug
gm™ Zn at higher level exposures of metal
(50 ppm). Cd was found 3.86 times more in
roots as compared to shoots at 50 ppm Cd
level. Pb and Zn were found 2.46 and 2.1
times more in roots than shoots at the higher
exposure concentration, i.e. 50ppm.

The present research work indicates that H.
annuus with high biomass has efficiently
removed Cd, Pb and Zn from aquatic
environment and can be considered as a
suitable potential plant for decontamination
of heavy metals.

Phytoremediation of Heavy Metals in
Mycorrhizosphere

The research work carried out for
phytoremediation of heavy metals by

Brassica juncea in mycorrhizal soil.
Phytoremediation of cadmium, lead and zinc
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at varying concentrations viz. 0, 5, 10, 20
and 50 ppm wusing B. juncea in the
mycorrhizospheric soil for a period of two
and half months has been studied.

Dry biomass analysis

The biomass results after 10 weeks of
experiments indicated that the mean plant
biomass of sunflower showed increasing
tendency as the concentrations increased
from 5 to 20 ppm for Cd and Pb (Table 2).
Biomass of plant was found to be 0.068 g in
roots and 0.650 g in shoots for Cd, 0.065 g in
roots and 0.705 g in shoots for Pb and 0.090
g in roots and 0.997 g in shoots for Zn at 50
ppm concentration at the end of pot culture
experiment. Biomass decreased gradually as
the concentration of Cd and Pb in the
mycorrhizal soil media increased from 20
ppm to 50 ppm. The plant growth was
affected at the higher ppm levels of Cd and
Pb, resulting into reduction in the biomass. A
significant positive effect seen in Zn
concentrations exposure (lower to higher
concentrations) causing increased biomass
with increasing exposure of Zn levels in
mycorrhizosphere. The results showed an
increasing tendency for biomass production
(Cd and Pb) as the concentrations increased
from 5 to 10 mg/kg. The positive effects
have been seen in case of Zn concentrations.
However, the biomass yield was found only
affected at the higher concentrations, i.e. 20
and 50 mg/kg of Cd and Pb that shows
inhibitory effect on plant growth. In our
research, AM symbiosis enhances plant
biomass via ‘Metal- Binding’ by decreasing
HM  bioavailability and subsequently
reducing potential phytotoxic effects.
Although it is well known that the enhanced
uptake of any limiting elements usually
enhances plant growth (Kothari et al., 1990;
Marschner, 1995). The present research
proved that mycorrhizosphere has positive
effect on plant growth and heavy metal
uptake by H. annuus. Similar to our study,
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Patrick and Charest (2007), also illustrated
the important compromise between plant

growth, plant heavy metal uptake and
tolerance, and further emphasized the
importance of arbuscular mycorrhizae

symbiosis in buffering the soil environment
for plants under such stress conditions.

Bioaccumulation of metals in the roots
and shoots of plants

The mean uptake of all three metals by
sunflower  plants increased as the
concentration of these metals in mycorrhizal
soil increased (Fig. 3). In this plant the heavy
metals, Cd, Pb and Zn were uptaken by
shoots and roots both. Pb concentration was
found to be higher in roots than Cd. The
uptake of Cd from mycorrhizosphere by H.
annuus has shown to be 2,150 pg gm™ and
35,600 pg gm™ at 5 and 50 ppm in roots and
1,471 pg gm™ and 8,194 pg gm™ at 5 and 50
ppm in shoots. The Pb uptake was 3,227 and
32,473 pg gm™ at 5 and 50 ppm, respectively
in roots and 1,188 pg gm™ at 5 ppm and
16,227 pg gm™ at 50 ppm in shoots. Zn
uptake was again found highest in H. annuus
and found 3,869 pg gm™ in roots and 34,535
Hg gm™ in shoot. The heavy metals were
uptaken by the sunflower plants in the order:
Zn>Cd>Pb.

Heavy metals: Cd, Pb and Zn accumulation
in roots and shoots of the plant- H. annuus
was compared and shown Fig. 5.28. The
metal uptake in roots was found 2150 ug gm’
! (Cd), 3227 pg gm™ (Pb) and 3869 pg gm™
(Zn) at lower doses (5 ppm). The uptake of
metals in roots was increased upto 35,600 pg
gm™ - Cd, 32,473 ug gm™ -Pb and 34,535 pg
gm™ -Zn at higher concentration- 50 ppm.
Similarly, the uptake of metal in shoots was
found to be 1,471 pg %m'l Cd, 1,042 pg gm™
Pb and 1,188 pug gm™ Zn at lower doses (5
ppm); whereas uptake increased to 8,194 ug
gm™ Cd, 16,227 pg gm™ Pb and 19,040 pg
gm™ Zn at higher doses (50 ppm).
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Table.1 Dry biomass of H. annuus after 21 days of exposure to the

heavy metals contaminated Hoagland solution. ¥

Metal Concentration Dry Weight (g)
(ug mi™) Roots Shoots
Zn Control 0.085+0.001 0.661+0.052
5 0.089+0.004 0.784+0.039
10 0.076+0.005 0.648+0.045
20 0.058+0.004 0.564+0.025
50 0.042+0.005 0.451+0.027
Cd Control 0.032+0.010 0.160+0.006
5 0.038+0.006 0.166+0.005
10 0.034+0.004 0.161+0.006
20 0.023+0.004 0.114+0.004
50 0.014+0.001 0.076+0.007
Pb Control 0.061+0.004 0.416+0.018
5 0.066+0.004 0.422+0.010
10 0.053+0.003 0.386+0.015
20 0.044+0.002 0.289+0.007
50 0.021+0.005 0.222+0.033

Table.2 Dry biomass of H. annuus after two and half months exposure to the

T Values are averages of three replicates + S.D.

mycorrhizal soil enriched with heavy metals. §

Metal Concentration Dry Weight (g)
(mg/kg) Roots Shoots
Zn Control 0.075+0.002 0.712+0.020
5 0.082+0.003 0.850+0.033
10 0.093+0.004 0.923+0.027
20 0.091+0.003 0.952+0.034
50 0.090+0.001 0.997+0.030
Cd Control 0.075+0.002 0.712+0.020
5 0.086+0.002 0.832+0.029
10 0.099+0.005 0.906+0.042
20 0.082+0.007 0.770+0.018
50 0.068+0.008 0.650+0.036
Pb Control 0.075+0.002 0.712+0.020
5 0.079+0.003 0.722+0.018
10 0.085+0.002 0.821+0.025
20 0.080+0.002 0.852+0.023
50 0.065+0.004 0.705+0.037

T Values are averages of three replicates + S.D.
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Fig.1 (a) Cd, (b) Pb and (c) Zn depletion from the solution during phytoremediation
experiments. The results show the depletion at various concentrations of Cd, Pb and Zn. All the
values are mean of three replicates
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Fig.2 Accumulation of Cd [A], Pb [B] and Zn [C] in the roots and shoots of H. annuus

40000 - I Roots [l Shoots
5
°
"o 30000 4
o
=
c
o
% 20000
S
£
S
8
< 10000
°
o
0-

Cd concentration (ppm)

2A
50000
I Roots [l Shoots
__ 40000 -{
3
T
"o
g 30000 -
=
2
®
= 20000
£
=]
(%]
s
o 10000 -
o
0
5 10 20 50
Pb concentration (ppm)
2B
60000
I Roots [l Shoots
50000
3
©
‘75, 40000 -
[=2)
£
.5 30000 -
s
£ 20000 -
=]
o
&
< 10000 -
N
0+
5 10 20 50
Zn concentration (ppm)
2C

400



Int.J.Curr.Microbiol.App.Sci (2016) 5(7): 392-404

Fig.3 Cd [A] Pb [B] and Zn [C] accumulation in the roots and shoots of H. annuus during metal
remediation from mycorrhizosphere soil
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The comparison of data analysis shows that
heavy metals studied were accumulated more
in roots followed by shoots of H. annuus. Cd
was found 4.34 times more in roots as
compared to shoots at 50 ppm Cd level. Pb
and Zn were found 2 and 1.81 times more in
roots than shoots at the higher exposure
concentration, e. 50 ppm in
mycorrhizosphere.

In the present research study, the role of AM
symbiosis on relative plant biomass as
influenced by the soil- heavy metal
bioavailability and uptake of heavy metal by
H. annuus has been reported. The results
showed that H. annuus significantly
bioaccumulated heavy metals at the varying
concentrations ranging from 5, 10, 20 and 50
mg/kg. The uptake of heavy metals was
found to be increased with increasing
concentration ~ of  metals in  the
mycorrhizosphere (Fig.3). The results are in
accordance with Giasson et al. (2006), where
he proved that AMF can play a role in the
phytoremediation  of  heavy  metal-
contaminated soil (Mycorrhizo remediation),
by colonizing the roots, increases plant
growth by making soil essential elements
like zinc and phosphorus more accessible.

An increasing trend of accumulation in H.
annuus was observed with increase in metal
concentration in mycorrhizosphere. The
accumulation of Cd, Pb and Zn was reported
more in root than the shoot. The present
research demonstrated that mycorrhizal
fungi could protect plants growth in metal
contaminated soils by enhancing metal
retention in roots and reducing metal
partition to shoots (Leyval, et al., 2002).
Researchers have reported that there is direct
evidence for the strong binding capacity of
fungal mycelium to heavy metals, such as Zn
and Cd (Chen et al., 2001; Joner et al.,
2000). Zinc being micronutrient found
translocated proportionately in root and
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shoot. However, Cd and Pb accumulation in
the root and shoot was found less as
compared to Zn in H. annuus.

The increased quantity of organic matter in
mycorrhizal soil could effectively increase
the activity of metals in soil and improve
metal mobility and distribution in soil. The
application of natural fertilizer (vesicular
arbuscular mycorrhiza) in soils has helped in
increase in metal mobility through the
formation of soluble metal organic
complexes. In addition, exudation of organic
compounds by plant roots, such as organic
acids, influence ion solubility and uptake
through their effects on microbial activity,
rhizosphere physical properties, and root-
growth dynamics (Klassen et al., 2000).

Mycorrhizal hyphae cause the aggregation of
the soil particles, which increase the rate of
movement of water and nutrients from the
bulk soil to the root surface (Filion et al.,
1999; Hooker and Black, 1995; George et
al., 1995).

This environment is favourable for the
flourish of microbes, which influence the
mycorrhizal uptake of water and nutrients.
The  microbial interaction in  the
mycorrhizosphere involves a number of
bacteria and fungi that influence plant
growth (Hampp et al., 2000). Mycorrhizae
due to their role in nutrient cycling, keep
more nutrient in the biomass and in doing so
increase the productivity which helps in
proper growth and development of plants in
turn results in maximum accumulation of
heavy metals.

In conclusion, the green plant H. annuus has
been identified as potential candidate for
remediation of heavy metals - Cd, Pb and Zn
from aquatic/ terrestrial environment.
Phytoremediation of heavy metals by H.
annuus shows that the plants have
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remediated 79-90% Cd, 77-89% Pb and 81-
92% Zn at 5-50 ppm concentrations from the
aquatic environment. H. annuus has been
found to have high biomass at varying
exposure concentrations which resulted in
increased uptake of heavy metals.
Bioaccumulation of these metals in plant
increased significantly with increasing metal
concentrations. Maximum levels of zinc,
cadmium and lead were observed in roots
followed by shoots. This shows that H.
annuus has tolerance potential to grow in
contaminated environment and found
efficient to take up heavy metals. The
present research work indicates that H.
annuus with high biomass has efficiently
removed cadmium, lead and zinc from
aquatic environment and proved a suitable
potential plant for decontamination of heavy
metals polluted environment.
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