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Abstract- Some unavoidable drawbacks of traditional technologies have made phytoremediation a promising
alternative for the removal of heavy metals from contaminated soil and water. Phytoremediation is a cost-effective
and eco-friendly method. Aquatic macrophytes attain a good interest in the field of phytoremediation. They have
great potential to accumulate heavy metals. Spirodela polyrhiza is one of such most common macrophyte growing in
wetlands because of large uptake of nutrients and contaminants. Most of the heavy metals are harmful or
carcinogenic in nature and may create a threat to human health and therefore the environment at higher
concentrations. To carry out this study, 12 plastic tubs with 15 litter capacity were taken and labeled for a treatment
i.e. 5ppm, 10ppm and 15ppm of Zinc, Cadmium, and Lead. Fifty gm of biomass was inoculated in every tub. The
plants were allowed to grow for a period of eight days. The Heavy metals Cd, Pb, and Zn were measured at the end
of treatment period using ICP analyzer from water as well as plant samples. The biological parameters recorded
decline with increasing concentrations as well as the treatment period. Plant species was proved to be good
hyperaccumulator for heavy metal Lead. The lead was completely absorbed from every treatment. In case of
Cadmium, the plant was not able to tolerate 15 ppm concentration but successfully absorbed and accumulated 10
ppm concentration. While for Zinc, plants accumulated up to 9.66 ppm from 15 ppm dosage. The findings revealed
Spirodela polyrhiza efficient hyperaccumulator of heavy metals with high accumulation potential of Pb> Cd >Zn.
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1. INTRODUCTION plants such as duckweed (Lemna minor) [7], water

Rapid urbanization and industrialization are
the reasons for releasing large amounts of toxic
contaminants to the environment. Phytoremediation
is a promising alternative for removal of heavy
metals from contaminated soil and water. Heavy
metals are known as toxic pollutants released into the
surface and groundwater as a result of different
activities such as industries, mining and agriculture
[1]. Phytoremediation of industrial waste through
aquatic macrophytes have emerged as a simple, cost-
effective and self-sustaining alternative of the
traditional treatment methods. Various other wetland
plants are screened for heavy metals accumulation
from the natural wetland by several workers [2],[3]
and [4]. Further, the use of wetland plants in
constructed wetland ecosystem for remediation of
wastewater has recently drawn global attention for
the systematic study of the potential wetland plants
for environment management [5]. The metal
accumulation ultimately affects the growth and
physiology of the plants, which has been reported by
several workers [6]. There is evidence that wetland

hyacinth (Eichhornia crassipes) [8], Salix [9], Cattail
(Typha latifolia) and common reed (Phragmites
australis) can accumulate heavy metals in their
tissues. The small size, simple structure, and rapid
growth make duckweed very suitable for toxicity
tests, able to remove and accumulate large amounts
of heavy metals, principally through the fronds [6].
Duckweeds are found in ponds and eutrophic ditches
which can be observed like dense floating mats.
Duckweeds fall into four genera; Lemna, Spirodela,
Wolfia, and Wolffiella. About 40 species of
duckweeds are recognized worldwide. Duckweeds
fronds are round or oval or round having a size of
around 1 mm to 1cm. It produces a root-like structure
which is open in water to attain nutrients. Duckweed
appears to be the better alternative and has been
recommended for wastewater treatment because it
has the capability of rapid growth on a wide range of
pH and temperature throughout the year [10].
Duckweed has the capacity to produce faster in
biomass than any other aquatic plant and has the
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potential as an efficient alternative for heavy metals
accumulation.

2. MATERIALS AND METHODS

Fresh Spirodela polyrhiza plants were
collected from the surface waters of Vadtal pond
(N22035°35.4169” and E72052°26.6663), 10 km
away from headquarters. The plants were thoroughly
washed several times under tap water to remove any
impurities from roots as well as fronds. Plants were
acclimatized in pond water for a period of one week.
Healthy mature plants of similar size and shape were
selected and kept separately in 20L capacity troughs.
Fity gm of Spirodela polyrhiza plants were
transferred into each tub. They were placed under
natural sunlight for a period of 10 days. Stock
solutions of heavy metals were prepared with the
help of Cadmium chloride, Zinc oxide, and Lead
Nitrate. An experiment was designed in three sets of
5, 10 and 15 ppm for all three heavy metals. Plants
were exposed to 10L tap water (control) and to
elevated concentrations of heavy metals Cd, Pb and
Zn in triplicates for a period of eight days.
Heavy metal analysis

At the end of the treatment period, the
acclimatized plants were examined to find out the
concentration of heavy metals absorbed by plants.
The plant samples were collected from every
concentration and they were sun-dried to achieved
constant weight. They were homogenized and
grounded to a fine powder. Accurately 1 gm of dry
powder of each treatment was weighed. All samples
were digested with 10 ml of concentration. HNO3 by
boiling and reducing to 50% volume. The solutions
were made to 25 ml each using double distilled
water, filtered and further analyzed using Inductive
Coupled plasma Analyzed (ICPA) at Sophisticated
Instrumentation Centre for Applied Research and
Testing(SICART), Vallabh Vidhyanagar, Gujarat,
India. The samples of water and plants-parts were
chemically examined for detection of Pb, Zn, and Cd
by Inductive Coupled Plasma Analyzer (ICPA).
The bioconcentration factor provides associate degree
index of the ability of the plant to accumulate the
metal in relation to a metal concentration within the
substrate. The bioconcentration factor was calculated
because of the ratio of the tracer concentration within
the plant tissues at harvest to the concentration of the
element in the external environment [11], [12].
The BCF was calculated by using the formula:
BCF =P/E, .....(5)
Where P represents the trace element concentration in
plant tissues (ppm), E represents the residual

concentration in water (ppm) or in sediment (ppm dry
wt).

3. RESULTS AND DISCUSSION
Heavy metals analysis

The Initial concentrations of Zn, Cd, and Pb
in plants were 2.08 mg/l, 0.34 mg/l, and 2.19 mg/I
respectively. Lead treatment100% accumulation was
recorded. The concentration of 5ppm, 10 ppm, and 15
ppm Pb in plants was 6.05 mg/l, 10.93 mg/l, and
16.84 mg/I respectively. The water samples showed
zero concentration of heavy metals. The capacity of
three Lemna species namely L. minuta, L. minor, and
L. trisulca to purify water polluted with Zn was
investigated by [13],[14]. Percentage removal by
Lemna spp. for 1,5, 10, 15, and 20 mg/l Zn treatment
for 10 days incubation was found to be the highest by
L. trisulca (97%) as compared to L. minuta (89%)
and L. minor (83%). Lemna minor is proved as good
hyperaccumulator to treat water polluted with
cadmium [15].
In case of Cadmium, 5 ppm and 10 ppm treatment
showed 99.9% reduction of heavy metals from water
but couldn’t uptake 15ppm concentration. The
remaining concentration of Cadmium was 10.32 mg/I
in 15 ppm treatment. Plants accumulated 4.98 mg/l of
Cadmium in 15 ppm treatment. The efficiency of
duckweed in improving the quality of effluent from
oil refinery was tested [16]. The heavy metal removal
efficiency was found to be 99.8%, 99.6%, 98.7% and
72% for Copper, Cadmium, Lead and Zinc,
respectively The result evidenced that duckweed is a
good accumulator of Cd, and Cu, a moderate
accumulator of Chromium, and a poor accumulator
of Lead. The toxicity result of each trace element on
plant growth was within the order: Cu > Pb> Cd >Cr
[6].
The treatments of Zinc showed 99.9 % reduction
except for 15 ppm treatment. The concentration of Zn
in 15 ppm treatment in water and plants was detected
as 5.92 mg/l and 9.66 mg/l respectively. The highest
rates of reduction after 8days of treatment were for
heavy metals, accounting 95%, 79%, and 66% for
Lead, Copper, and Zinc The bioaccumulation of
metals (Cu, Pb, and Zn) by Lemna gibba. Heavy
metals were ranked according to the preference for
bioaccumulation by L. gibba, Zn came in the first
place followed by Pb and Cu with bioaccumulation
factors 13.9, 6.3, 5.5 and 2.5 respectively [17] [18].
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Treatment BCF
5 121052

Bold 10832
Pols 1122867
Cd5 154062
Cd10 10758
Cdl5 33.22733
Zn5 181516
Znl0 13887
Znls 64. 45067

Bioconcentration Factor (BCF) is a useful
parameter to evaluate the potential of the plants in
accumulating metals and this value is calculated on a
dry weight basis. The BCF value for water velvet
(Azolla pinnata) and duckweed (Lemna minor)
treated with Pb and Zn, gradually decreased with
increasing metal concentration in the feed solution
[19]. Metal accumulations by macrophytes can be
affected by metal concentrations in water and
sediments. The ambient metal concentration in water
was the major factor influencing the metal uptake
efficiency of plants [20].

4. CONCLUSION

In the current study macrophyte duckweed Spirodela
polyrhiza was employed as effective
phytoremediation agent in the heavy metal polluted
water. The findings revealed Spirodela polyrhiza as a
hyper accumulator of heavy metals with high
accumulation potential of Pb> Cd >Zn.
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