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ABSTRACT

Industrial development coupled with population growth has resulted in the over-exploitation of natural
resources. Life support systems viz, water, air and soil are, thus, getting exposed to an array of pollutants
especially heavy metals released by anthropogenic activities. Tolerant species of aquatic plants are
able to survive and withstand the pollution stress and serve as pollution indicators and as a tool for
phytoremediation of heavy metals from the aquatic ecosystems. Phytoremediation is an environment
cleanup strategy in which selected green plants are employed to remove toxic contaminants. This is an
emerging biogeotechnological application based on “green liver concept” and operates on the principles
of biogeochemical cycling. This paper focuses the relevance of phytoremediation technology for cleanup
of metals in water by the use of floating aquatic macrophytes.

Laboratory experiments were conducted to assess the efficiency of aquatic macrophyte Spirodela
polyrrhiza, as a phytotool for the remediation of zinc from synthetic effluent at the interval of 4 days
for 12 days. Phytoremediation of zinc by Spirodela is significant with respect to exposure concentration,
and maximum rate of removal is recorded at four days of exposure. Spirodela shows the symptoms of
toxicity at the exposure concentration of 40 and 50 ppm after 12 days of exposure. However, the plants
do not exhibit symptoms of toxicity at lower concentrations. Results confirm that Spirodela serves as
a phytoremediation tool for the remediation of the zinc from synthetic effluent. Regular harvest of the
plant at the interval of four days would help to cleanup aquatic environment. Harvested biomass may
be used for composting.

INTRODUCTION

Industrialization and urbanization coupled with alarming rate of population growth have resulted in
the large scale pollution of our aquatic ecosystems by industrial and domestic wastewater discharges.
Sewage is rich in organic matter and contains appreciable amounts of macro and micronutrients
(Feign et al. 1991, Pescod 1992, Gupta et al. 1998, Brar et al. 2000). Sewage effluents may contain
variable amounts of heavy metals, which may limit its long term use for agriculture purpose. Natural
erosion and anthropogenic activity are greatly responsible for water pollution, particularly heavy
metals such as zinc, cadmium and lead etc. There is likelihood of phytotoxicity and environmental
risks (de Filippis & Pallaghy 1994, Wei et al. 2003). Heavy metals, persisting in sediments, may be
slowly released into the water and become available to organisms. Some heavy metals like zinc,
copper, iron and manganese etc. are called micronutrients (Reeves & Baker 2000) and are only toxic
when taken in excess amounts (Monni et al. 2000, Blaylock & Huang 2000).

The wastewater emanating from source contains metals which could  be toxic to flora and fauna
(Srivastava et al. 2000). Biological treatment of wastewater through aquatic macrophytes has a great
potential for its purification, which effectively remove heavy metals such as zinc (Nasu et al. 1983,
Wolverton et al. 1975, Brix & Schierup 1989, Rai et al. 1995, Srivastava & Pandey 1998). Aquatic
macrophytes accumulate considerable amount of toxic metals and, thus, play a significant role in
cleaning up of environment and make the environment free from metal pollutants. Many plants have
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been successfully utilized for removing toxic metals from aquatic environments. These plants include
Eichhornia crassipes, Ceratophyllum, Lemna, Pistia and Salvinia. Recently, more data have been
accumulated on the uptake of heavy metals by aquatic weeds (Satyakala & Kaiser Jamil 1992). Algae
are also used to remove heavy metals from aquatic systems as they have capacity to accumulate
dissolved metals (Wilde & Benemann 1993). Eichhornia crassipes has been  used for the removal of
copper, cadmium and lead, Pistia for the removal of mercury and chromium (VI), and Salvinia for the
removal of mercury, chromium, copper, nickel, iron and lead. Potamogeton pectinatus accumulates
high amounts of zinc and cadmium and showed tolerance to these toxic metals (Rai et al. 2003,
Tripathi et al. 2003). In the present investigation Spirodela polyrrhiza, a common aquatic floating
macrophyte in sewage polluted pond, is used for phytoremediation of zinc from synthetic effluent
under laboratory conditions.

MATERIALS AND METHODS

Laboratory experiments were conducted for the phytoremediation of  zinc by Spirodela polyrrhiza
from the synthetic effluent. The young plants of Spirodela polyrrhiza were collected from Srinagar
pond near Karnataka University, Dharwar and maintained in artificial pond as a stock. The plants
were acclimatized  for 7 days in 5% Hoagland solution before using for experiments. Plastic tubs of
30 litre capacity were filled with 10 L of tap water and used as control. Growth media was treated
with different concentrations of zinc (5, 10, 20, 30, 40 and 50 ppm). 50 g of plants were  washed with
distilled water and  introduced into the experimental tub. Experiments were run for 12 days. Estima-
tion of zinc content of Spirodela, both in control and treated plants, was done by atomic absorption
spectrophotometer at four days interval for twelve days for the evaluation of phytoremediation effi-
ciency of Spirodela.

The harvested plants were washed thoroughly with distilled water to remove any zinc adsorbed on
the plant surface and excess water was removed by using blotting paper. These plants were oven-
dried at 80°C for 24 hours. The powdered plant material was digested by mixed acid digestion (Allen
et al. 1974) using Gerhardt unit. Zinc content of digested samples was estimated by using atomic
absorption spectrophotometer at the wavelength of 213.9nm using air acetylene flame. Data were
statistically analysed using two factor ANOVA.

RESULTS  AND  DISCUSSION

Results of the experiments are presented in Table 1 and  Fig. 1. The rate of phytoremediation of zinc
by Spirodela is substantial at four days of exposure and is proportional to its concentration in the
synthetic effluent. However, at subsequent exposure duration it is marginal.

The loss of zinc from the effluent may be attributed
to phytoextraction by Spirodela and its interaction with
physicochemical parameters of effluent leading to the
formation of zinc salts which precipitate and settle
down in the experimental tank. These observations
conforms to Rai et al. (1993) with respect to copper
uptake by Eichhornia. It is observed that the rate of
phytoremediation is maximum up to 4 days exposure.
There was  most dramatic uptake of zinc in
Cladophora  glomerata within first 10 minutes as

Table 1:  Zinc accumulation profile of Spirodela
polyrrhiza (Two-way ANOVA)).

Exposure time Mean  Variance
4 days 0.0017  0.0022 8
days 2.937  5.187 12
days 5.212  7.425

Between treatment concentration F = 319.3847*
Between treatment period F = 6.95259*

Significant at 5% level of significance
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recorded by Brenda et al. (1990). Similar observations were reported in Salvinia natans with copper
treatment at the concentration of 1.0µM to 20µM/mL (Asit et al. 1990). Metal uptake increased
gradually with increase in concentration. Rate of zinc accumulation in Potamogeton pectinatus
increases with increase in duration. Maximum accumulation of zinc by the plant was achieved when
exposed to 10mM zinc for 96 hours. In the present investigation phytoextraction of zinc is linear and
significantly correlated with zinc concentration in the effluent. Similar observation was made by
Tripathi et al. (2003). Spirodela polyrrhiza accumulated significant amounts of zinc (ANOVA <0.05)
in concentration.

The uptake studies of zinc and cadmium using Eichhornia show that the uptake of zinc and
cadmium was rapid in all the concentrations and the absorption capacity gradually reduced by
Eichhornia with increase in the number of days (Sridevi et al. 2003). Zinc and lead content in Azolla
pinnata and Lemna minor increased with the increase in initial concentration in the feed solutions and
exposure time (Jain. et al. 1990). Wang & Levis (1997) reported that metal accumulation by aquatic
macrophytes under  controlled laboratory conditions is dependent on metal concentration in the
water.

CONCLUSION

Spirodela serves as a phytoremediation tool for the extraction of the zinc from synthetic effluent.
Regular harvest of the plant at the interval of four days helps to clean up aquatic environment. Har-
vested biomass may be used for composting and may be used as to supplement the fertilizers.
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Fig-1. Accumulation of zinc by Spirodela polyrrhiza.
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