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ABSTRACT
In this paper, cadmium, zinc, and lead adsorption properties of nonliving Spirodela polyrhiza (L.)
were investigated. Data obtained from the initial adsorption studies indicated that
Spirodela polyrhiza (L.) was capable of removing cadmium, nickel, and lead from solution. The metal
biosorption was fast and equilibrium was attained with in 20 minutes. Data obtained from further
batch studies conformed well to the Langmuir Model. Maximum adsorption capacities (qmax)  Spirodela
polyrhiza were 6.15 mg/g for Pb(II).), 13.96 mg/g for Ni(II) and 44.9 mg/g for Cd(II). Kinetics of
adsorption of cadmium, lead and nickel were analysed and rate constants were derived for each
metal. It was found that the overall adsorption process was best described by pseudo second-order
kinetics. The results showed that this free floating aquatic plant Spirodela polyrhiza can be
successfully used for removal of cadmium, nickel and lead.
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INTRODUCTION
The rapid pace of industrialization and urbanization
caused exponential increase in the production of
heavy metals. Between 1850 and 1990, production
of heavy metals increased nearly 10 fold1.Heavy
metals released in to water bodies pose serious
threat to the aquatic ecosystem. Exposure to
heavy metals has been linked with developmental
retardation, various cancers, kidney damage,
autoimmunity and even death in some instances
of exposure to very high concentrations 2.
Therefore, their removal from wastewater is
essential prior to their disposal. The methods for
removal of many heavy metals include
precipitation, oxidation, reduction, ion exchange,
filtration, electrochemical treatment, membrane
technologies, reverse osmosis and solvent
extraction3. Aquatic plants, both living and dead,
are heavy metal accumulators and, therefore, the

use of aquatic plants for the removal of heavy
metals from wastewater has gained high interest4.
It has been demonstrated that the incorporation
of heavy metals in live biomass produces
phytotoxic effects on plants resulting in inhibition
of chlorophyll synthesis and biomass production
that leads to death5,6. Moreover, the use of
phytotechnologies as secondary wastewater
treatments implies the disposal of high volumes
of contaminated plants. Adsorption is a well
established technique for heavy metal removal and
activated carbon is the most widely used
adsorbent7. However, the use of activated carbon
can be expensive and there has been considerable
interest in the use of other adsorbent materials,
particularly biosorbents8,9. This technique is now
recognized as an alternative ecofriendly and cost-
effective method for the treatment of
wastewaters containing heavy metals10,11. The
use of dead, dried aquatic macrophytes, for water
removal of metals derived from industrial activities
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as a simple biosorbent material has been
increasing in the last years due to their abundance
and easy handling. Simultaneous removal of metals
derived from industrial activities (electroplating,
metal finishing, textile, storage batteries, lead
smelting, mining, plating, and ceramic and glass
industries) by dead freshwater macrophytes is
preferred because these studies may be useful
for low cost industrial wastewater treatment12,13.
Some freshwater macrophytes including
Potamogeton lucens ,  Salvinia herzogoi ,
Eichhornia crassipes ,  Myriophyllum
brasillensis,  Myriophyllum spicatum,
Cabomba sp., Ceratophyllum demersum have
been investigated for the removal of heavy
metals14-17. The mechanisms of biosorption may
be classified as being: extracellular accumulation/
precipitation, cell surface sorption/precipitation,
and intracellular accumulation18 .This can occur
by complexation, co-ordination, chelation of
metals, ion exchange, adsorption and micro
precipitation14. The bioremoval process using
aquatic plants contains two uptake processes:

a. Passive adsorption-an initial fast, reversible,
metal-binding processes (biosorption), the
efficiency of which is dependent on cell wall
structural organization and metal solution
chemistry;

b. A slow, energy dependent,  irreversible, ion-
sequestration step (bioaccumulation).
The present work used Spirodela polyrhiza, a
free floating macrophyte to investigate its
adsorption properties and also to study the fit, or
approximate fit, of the sorption data to the
Langmuir isotherm. Spirodela polyrhiza is
commonly seen in ponds, lakes, ditches, and quiet
streams with moderate to high nutrient levels.
Therefore, Spirodela polyrhiza provides
excellent material for studying metal adsorption
properties.

MATERIAL   AND  METHODS
The plant biomass was collected locally from
unpolluted site of G.B. Pant Sagar of Singrauli
region, India and consisted of the floating part of
the plant. After harvesting, it was washed with
dilute hydrochloric acid (3%) and distilled water
before being used. Analytical grade cadmium (II)

chloride, nickel (II) chloride and lead (II) nitrate
were used as the metal sources and stock
solutions of these metal ions were prepared in
deionised water. Sorption tests were conducted
at 25°C. The flasks were agitated in an
environmental shaker model 3597- ICOGMPR
USA. The initial pH values were between 5 and
6 during the batch experiments and no pH
adjustment was made. Therefore, all the sorption
experiments were carried out at pH values of <6.
Spirodela polyrhiza biomass (about 2 g wet
weight) was added to each flask and placed on
the shaker. The initial metal concentration for the
contact time experiments was 10 mg/l and the
incubation times ranged from 5 to 160 min.
 The data used to derive the Langmuir constants
were obtained using Spirodela polyrhiza biomass
(about 2 g wet weight) and metals concentrations
of 2, 4, 8, 16, 32 and 64 mg/l. The contact time
was 120 min. After contacting, the contents of
the flask were filtered to separate the biomass
from the solution. The filtrates were then analyzed
with an atomic absorption spectrophotometer
(Perkin-Elmer model 2380) to determine the metal
concentrations in the samples. Control
experiments were performed for each metal to
measure any adsorption on to the glassware.
Neither precipitation nor adsorption onto the walls
of the flasks was observed. The results of metal
analysis were used to calculate the specific
adsorption (mg metal adsorbed/g dry weight of
biomass). All the experiments were duplicated and
the results presented as mean values.

RESULTS  AND DISCUSSION
Basic adsorption
In the present work, pH values were just below 6
which provided a suitable environment for metal
adsorption by Spirodela polyrhiza. According to
Schneider et al.19, at slightly acidic pH values,
metal ion concentrations were highest and suitable
for metal adsorption. The initial adsorption tests
for cadmium, lead and nickel showed that
Spirodela polyrhiza would adsorb all three metals
(Fig. 1). The data also showed that a contact
time of about 20 min was sufficient to achieve
equilibrium. Result showed that Spirodela
polyrhiza would adsorb cadmium, lead and nickel
and based on the Langmuir coefficients, the
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maximum adsorption capacity (qmax) was 13.96
mg/g for nickel, 44.90 mg/g for cadmium and 6.15
mg/g for lead.  Various authors gives the qmax
values from  other aquatic plants e.g.
Myriophyllum spicatum qmax Pb- 46.69, qmax Zn-
13.98, qmax Cu-6.17 ( 17; 14), Potamogeton lucens
(qmax Pb- 141, qmax Zn-32.4, qmax Cu-40.8), Salvinia
herzegoi (qmax Pb- nil, qmax Zn-18.1, qmax Cu-19.7),
and Eichhornia  crassipes (qmax Pb- nil, qmax Zn-
19.2, qmax Cu-23.1) (16) with Pb, Zn and Cu metals.
Spirodella  polyrhiza most efficiently adsorbed
Cd followed by Ni . However, its capacity for
adsorbing lead was not as good as the other
aquatic submerged macrophytes mentioned by
Keniskan et al.17.
Kinetics of adsorption
If the movement of the solute from the bulk liquid
film surrounding the adsorbent is ignored, the
adsorption process for porous solids can be
separated into three stages:
A. mass transfer (boundary layer diffusion),
B. sorption of ions onto sites,
C. intraparticle diffusion.
Fig. 2 shows that the relationships for Spirodela
polyrhiza and cadmium, lead and nickel systems
are not linear over the entire time range, indicating
that more than one process is affecting the
adsorption. This type of non-linearity has been
reported previously by various authors17,20,21,22 and
has been interpreted as showing that both boundary
layer diffusion, the initial curved portion, and
intraparticle diffusion, the final linear portion, are
occurring. Values for these parameters are given
in Table 1. These rate parameters have units of
mg/g min0.5and, as such, are not a direct
quantification of the rates. Nevertheless, they can
be interpreted in relative terms. According to the

theoretical equations for diffusion, when
intraparticle diffusion is the only rate-determining
step, the rate parameter is directly related to the
square root of the initial concentration21. That is
to say;
j = (C0) n      (1)
Where n=0.5, j=rate parameter and C0=initial
metal concentration. However, values for n were
found to be 0.043 for Ni, 0.0098 for Pb and 0.177
for Cd. This confirms that intraparticle diffusion
was not the only operative mechanism and not
the rate-determining step for the cadmium, nickel
and lead and Spirodela polyrhiza systems.
In many cases, the kinetics of adsorption by any
biological material has been only tested for the
first-order expression given by Lagergren.
However, it has also been shown that a pseudo
second-order approach can sometimes provide a
better description of the adsorption kinetics (3).
The first-order Lagergren equation is:
ln (qe-qt)= ln(qe)- Kt      (2)
The pseudo second-order equation is:
t/qt = [1/2 .K’ . qe

2] + t/qt                            (3)

where qe is the mass of metal adsorbed at
equilibrium (mg/g), qt the mass of metal adsorbed
at time t (mg/g), K is the first-order reaction rate
constant of adsorption (min-1), K0 the pseudo
second-order rate constant of adsorption (g/mg
min). It has been found that, although the first-
order equation was suitable for some of the data,
it was not applicable for all the results. Therefore,
no further consideration was given to it. The
pseudo second-order reaction model, however,
was applicable to all the data and values of the
reaction rate constants and correlation coefficients
for each metal are mentioned in Table 1.

Fig. 1 : Initial adsorption isotherm for
cadmium %, nickel  % and lead  %

Fig. 2 : Plots for intraparticle diffusion forc
admium %, nickel % and lead  %
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Table 1 : Rate constants for each metal (mg/g min0.5)

Metal 
 
 

Initial rate constant, 
kp (mg/g min0.5) 

 

R2 

 

Pseudo second –order 
constants, 

(g/mg min) rate 

R2 
 

Nickel 1.102 0.995 0.0145 0.999 

Lead 1.023 0.986 0.1837 0.999 

Cadmium 1.508 0.970 0.0139 0.999 

 
CONCLUSION

The present work proved that the dead biomass
of aquatic free floating plant Spirodela polyrhiza
can be an effective biosorbent for cadmium, lead
and nickel removal under dilute metal conditions.
Spirodela polyrhiza also finds its application as
popular duckweed and its biomass may be used
as raw material for biogas production and
composting in developing countries. Batch
adsorption studies showed that Spirodela
polyrhiza would adsorb cadmium, lead and nickel
and that, based on the Langmuir coefficients, the
maximum adsorption capacity (qmax) was 13.96
mg/g for nickel, 44.90 mg/g for cadmium and 6.15
mg/g for lead. The initial part of the adsorption
was governed by a first degree film diffusion
process. The data also confirm that intraparticle
diffusion was not the rate-determining step. The
overall adsorption rate showed that the cadmium,
lead and nickel and Spirodela polyrhiza system
was best described by the pseudo second-order
model.
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