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ABSTRACT Phytoremediationis anovel green technology being applied for removing pollutants from soil and water.

Being cost effective and ecofriendly, it is gaining importance in the research areas. The selection of the plant
with hyperaccumulating capability depends on type of polluted site and the type of pollutants to be removed. The present work was
undertaken to study the metabolic responses of an aquatic fern: Azolla microphylla and its ability to remove heavy metal lead from the waste
waters. The changes in the growth pattern and physiological parameters under stress conditions can be used as a factor to determine plant
tolerance capacity and the adverse toxic effect of the contaminant. Azolla microphylla was allowed to grow in E&W growth media
supplemented with 0.15ppm lead. The physiological and biochemical parameters were assessed after 7, 15 and 30 days. The results suggest that
lead induces oxidative stress in Azolla microphylla which shows acclimation as a defense mechanism in response to stress induced injury to
plant. This implies that Azolla microphylla can be used as potential candidate for remediation in heavy metal loaded water.

INTRODUCTION:

Industrial growth and population explosion has led to over
exploitation of our natural resources and degradation of the
environment. Rapid pace of urbanization has increased the demand
for finished goods. As a result more and more pollutants are being
added to the three compartments of the environment i.e. air, water
and soil. Among the various pollutants, heavy metals are of great
environmental concern and many of them are toxic even at very low
concentrations.

Lead (Pb) is a non essential ubiquitous heavy metal originating from
different sources like mining and smelting activities, burning of coal,
effluents from storage battery industries, automobile exhausts,
pesticides, and from additives in pigments and gasoline as well as
from the disposal of municipal sewage sludge enriched with Pb (Eick
et al. 1999). Its impact on human health through the food chain and
its high persistence in the environment owing to non biodegradable
nature has made it a major ecological concern (Piechalak et al. 2003).
Its unique properties like softness, high malleability, ductility,
corrosion resistance, low melting point etc. have resulted in its
increased use automobile industry, paint, ceramics, plastics, etc. Pb
can change the enzyme activity and their quantity in different
metabolic pathways such as those of the photosynthetic Calvin cycle
(Stevens et al. 1997), nitrogen metabolism (Kumar and Dubey 1999),
and sugar metabolism (Verma and Dubey 2001). In humans it is
known to interfere with various body functions, mainly affecting the
central nervous, hematopoietic, hepatic and renal system producing
serious disorders (Kalia & Flora, 2005). Chronic Pb toxicity occurs at
blood lead levels of about 40-60 ug/dL and is characterized by
persistent vomiting, encephalopathy, lethargy, delirium, convulsions
and coma (Flora et al.,2006; Pearce, 2007).

Pollution of aquifers has led to reduction in available pure water. The
US-Environmental Protection Agency (EPA) has stipulated 0.015 mg
L-1 and 0.20 mg L-1 as limits for lead in drinking water and for
effluent respectively. Hence removing Pb (II) from industrial
wastewater is necessesary for protection and restoration of
waterways.

Different conventional physico-chemical methods have been used
for heavy metal removal from effluents, such as membrane filtration
[Yoon,et.al, 2009], chemical precipitation[Matlock, et al.
2002][Ramos, et al. 2009], ion exchange[Inglezakis et al.,2007],
chemical oxidation or reduction[Mitra et al.,2011], electrochemical
treatment[Rana et al.,2004], solvent extraction[Miretzky et al.,2006]
and activated carbon adsorption[Malik,2003]. However, their

applications have limitations as these are costly, specific and
generate secondary waste which again can be a pollutant. So the
focus has now shifted to greener and economical environmental
friendly technology to clean up the aquatic systems.
Phytoremediation is one such cheap, eco-friendly, solar driven
technology utilizing plants to remove, reduce, sequester or degrade
pollutants into nontoxic or less toxic forms. Rhizofiltration is one of
the best known phytoremediation strategies, using plant roots to
absorb, concentrate and precipitate heavy metals from
contaminated water [Ensley, 2000]. Plants that can accumulate and
tolerate high levels of heavy metals are good candidates for
phytoremediation [Sekhar et al., 2005][Ruley et al.,2006]. The
physiological processes and phytoaccumulation efficiency are
dependent on the specific composition of polluted streams and the
climate regime in the country [Veseley et al.,2007].

The plant selected for the study, Azolla is a small aquatic floating fern
having symbiotic association with cyanobacteria Anabaena
azollae(Peter &Meeks,1989). For this reason this has been used as
fertilizer in botanical gardens and as green manure in paddy fields in
Asia (Carrapico, 2001). Another advantage of this plant is its high
biomass production .Owing to its fast growth rate so it can form
colonies rapidly giving an appearance of dense mats over water
surfaces. It is considered aweed in South Africaand north part of Iran
(Ashton, 1976). Studies have shown that Azolla can effectively adsorb
hexavalent and trivalent chromium, zinc(II) and nickel(II) from
solutions and electroplating effluents (Bennicelli,et
al.,2004),(Zhao,et al.1997,1998,1999) and gold from aqueous
solutions(Antunes,2001).

This study assesses the ability of aquatic plant species, Azolla
microphylla Kauf. to remove Pb (II) from aqueous solutions and
further investigation into the effect of lead on its growth and
physiological parameters.

MATERIALAND METHODS:

Azolla microphylla was collected from National facility for culture
collection and utilization of blue green algae (NCCBGUA) Indian
Agriculture Research Institute, New Delhi and maintained in open
ponds and in the laboratory. Before the heavy metal treatment,
plants were washed and surface sterilized with a solution of 0.1%
mercuric chloride for 20 seconds and immediately dipped in large
volume of sterile water. Plants were transferred into plastic trays
containing N free Expianase and Watanabe (1992) nutrient solution
with pH maintained between 6.7- 7.0. Two sets of three trays were
maintained, first set had only nutrient media taken as control;
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second set contained nutrient medium along with 0.1ppm Pb. The
fresh medium was added every alternate day into the exposure sets,
to overcome the losses due to evaporation. The experiment was
performed in triplicate. The fronds were given chronic exposure and
collected at three control points i.e. after 7 days, 15and 30 days.
Plants were blot dried and tested for different metabolites

Estimation of Increase in Biomass:

Fresh biomass was measured after 7, 15 and 30 days in both control
and exposed plants. The difference between initial weight and final
weight gives the increase in biomass of the plants.

Estimation of Electrolyte Leakage:

Under stress conditions the protective cell membrane looses it
capacity to retain the electrolytes present in their cytoplasm and
these leak into the exterior. Electrolyte leakage was estimated by
method given by Lutts (1996).

Estimation of Photosynthetic pigments:

The chlorophyll was determined by the method given by
Litchenthaler & Welburn (1985). For chlorophyll absorbance was
read at 645 nm and 670 nm. The values were obtained in pg/gm of the
plant.

Estimation of Carotenoid Content:
The carotenoid content was estimated by Litchenthaler & Welburn
(1985) method. The absorbance at 470 nm was read and the values
were calculated in pug/gm of the plant.

Estimation of Proline Content:

Proline estimation was done using method given by Bates et.al.1973.
500mg of Azolla fronds were homogenized in 10ml 3%
sulphosalicyclic acid (w/v), centrifuged at 10,000Xfor 10 min. 2ml of
the supernatant was mixed with glacial acetic acid and ninhydrin
and heated for 1 hr at 950 C. Samples were cooled and extracted with
4 ml toluene and vortexed for 1 min. Toluene layer was separated
with pipette and absorbance at 520 nm was read taking toluene as
blank.

Estimation of Flavonoid Content:

Flavonoid was estimated according to method given by Harborne
(1973). Flavonoids were extracted from 500mg Azolla fronds in10 ml
of 95% ethanol by keeping for 24 hrs at 200 rpm. To 1ml of above
extract was added 10% AICI3 and 1M Potassium acetate. The solution
was made 10 ml using distilled water and kept at room temperature
for 30 min. and then absorbance wasread at 420 nm.

Digestion of Plant Material and Analysis:

Plant samples (1g) were digested by adding tri-acid mixture (HNO3,
H2S04, and HC1O4 in 5:1:1 ratio) at 80°C until a transparent solution
was obtained (Singh,2011: Allen 1986)After cooling, the digested
sample was filtered using Whatman no. 42 filter paper and the filtrate
was finally made to 50 ml with distilled water. Pb ion concentrations
were determined using flame atomic absorption spectrometer
(FAAS) of ECIL Model- AAS4129). All the chemicals and reagents of
analytical grade were purchased from Merck, India. Triple distilled
analytical grade water was used for the preparation of all standards
and solutions.

Relative growth and bio-concentration factor:

Relative growth (Lu et al., 2004) of the plants during the experiment
and the bio-concentration factor (BCF) were calculated as follows.
Relative growth = Final fresh weight / Initial fresh weight
BCF=Conc.of metal in dried plant tissue (mg/g)

Initial conc. of metal in external sol. (mg/1)

Bio-concentration factor is a useful parameter to evaluate the
potential of plants for accumulating metals (Lu et al., 2004), (Mun, et
al.,2008).

STATISTICAL ANALYSIS:

The data obtained was statistically analyzed using Excel software. T-
test was applied to test the significance at 5% level (p ¥ 0.05). All
values are mean + S.E. of three replicates.

RESULTS AND DISCUSSION:
Chronic exposure to lead resulted in different physiological and
biochemical changes within the plant

Biomass:

Inhibition of growth is a common observed response to heavy metal
stress and is also one of the most important agricultural indices of
heavy metal tolerance (Mallar, 2014). Lead affected the growth of
Azolla microphylla which was observed as reduction in fresh weight
(fig 1). There was constant reduction in the biomass produced in Pb
exposed plants with time and after 30 days it was 5.27gm as
compared to512.55gm in control.
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Fig-1 Changes in biomass with increase in exposure time to
Lead (Pb)

Electrolyte Leakage:

Membrane stability is an important criterion to assess stress induced
changes. The electrolyte leakage is graphically represented in fig 2.
Electrolyte leakage was maximum in Pb 30days exposure i.e. 84.31 %
increase in electrolyte leakage. Electrolyte leakage increased with
increase in exposure time suggesting increase in damage to cell
membrane with exposure to metal.
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Fig-2 Changes in Electrolyte leakage with increase in exposure
time to Lead (Pb)

Various workers (Vangronsveld and Clijsters, 1994) suggested
oxidation of cross linking of protein thiols, inhibition of plasma
membrane ATPase as the mechanism of heavy metal induced
membrane damage. Green et al., (1980) have suggested interaction of
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heavy metals with membrane phospholipids or the displacement of
membrane-bound calcium as a cause of heavy metal-induced
changes in membrane structure

Photosynthetic Pigments:

A decrease in the chlorophyll content was observed as the plant was
exposed to heavy metal. Decrease in Chlorophyll a was 0%, 34.29%,
32.86 % after 7,15 and 30 days respectively.
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Fig-3 Changes in photosynthetic pigments with increase in
exposure time to Lead (Pb)

Chlorophyll b also showed similar trend of decrease. An initial 0.79%
increase was seen which again decreased to 33.86%, and 32.28% at 7,
15, and 30 day exposure. Change in total chlorophyll was recorded as
decrease by 1.02%, 32.49% and 31.98% for Pb after 7,15and 30 days
exposure respectively (fig 3). This suggests that with increase in
metal exposure metal interference with pigment metabolism
increases. Mukherji and Maitra (1976) in rice observed that Pb
toxicity resulted inlowering Chla/b ratio.

Carotenoid Content:

Carotenoids are accessory photosynthetic pigments which also act
as non-enzymatic antioxidants protecting chlorophyll from
damages due to oxidative stress. Carotenoid content showed a slight
increase as compared to control after 15 days but with the increase in
exposure time the carotenoid content showed a decrease ( fig4).
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Fig-4 Changes in Carotenoid content with increase in exposure
time to Lead (Pb)
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Proline Estimation:

Accumulation of proline is considered as an important physiological
response to stress. It is an non-enzymatic anti-oxidant compound.
Proline content is graphically represented in fig 5. An increase of
15.79%, 105.26% and 131.58% was observed for 7, 15 and 30 days
respectively. Proline behaves as a free radical scavenger to overcome
the oxidative stress (Reddyet al., 2004). Proline accumulation can be
correlated to detoxification against any stress induced
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Fig-5 Changes in proline content with increase in exposure
time to Lead (Pb)

Flavonoid Estimation:

Flavonoids are another non-enzymatic anti-oxidants produced in
response to stress conditions. It was observed that initially there was
decrease in the flavonoid content, but after 30 days the flavonoid
content increased by 9.1% in case of Pb exposed Azolla microphylla
plants as evident from fig 5.
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Fig-6 Changes in flavonoid content with increase in exposure
time to Lead (Pb)

Relative Growth:

With increase in time duration of Lead exposure, relative growth
reduced. After 30 days it was reduced to 0.21 as compared to control
which was 20.5.Thayaparan et al. (2013) has reported decrease in the
relative growth of Azolla pinnata exposed to lead when metal
concentrations were
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Relative Growth in Azolla microphylla
on increased exposure to Lead
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Fig-7 Relative growth in Azolla microphylla with increase in
exposure time to Lead (Pb)

Bioconcentration Factor(BCF):

The phytoremediation potential of a plant is judged by its bio-
concentration factor. The BCF values over 1000 indicate that plant
can be used for phytoremediation (Zayed, 1998). In this study it was
observed that BCF of A. microphylla for Pb increased significantly
with increasing exposure time and the highest BCF was observed
after 30 days.
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Fig-8 BCF of Azolla microphylla with increase in exposure
time to Lead (Pb)CONCLUSION:

CONCLUSION:

Above results show that though changes are induced in Azolla
microphylla in response to stress produced by Lead exposure, it is
quite capable in resisting stress. This study showed that the uptake
ability and the BCF of A. microphylla for lead increased with the
increase of Pb exposure time. Thus A. microphylla is a potential
candidate for removal of Pb from waterways polluted with effluents

containing Pb.
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