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ABSTRACT

Sorption techniques are widely used to remove heavy metal ions from large volume of aqueous
solutions, this plays a vital role in controlling environmental pollution. Herein, the sorption of Pb*,
Cu” and Zn®" with blended membrane of sodium alginate (Na-Alg) and immobilized karkashi
leaves (IKAL) from aqueous solution was investigated at optimum conditions for effectiveness.
Sorption capacities of the membrane for Pb?*, Cu®* and Zn** were found to be 86.80, 40.60 and
39.55% respectively. The sorption behavior with respect to initial pH, ionic strength, temperature,
contact time and initial metal ion concentration was investigated for optimum sorption conditions.
Maximum sorption was found to occur at pH 3.0 for all the metal ions studied. Results showed that
metallic ion uptake by the blended membrane declined with increase in ionic strength. This trend
was also observed at an increased temperature of 50°C for Pb2+, Cu?" and 40°C for Zn%". Increase
in initial metal ion concentration led to increase in metal ion uptake.

At the end of the chemical remediation, the blended membrane was found to be effective to some
extent, with the reaction being exothermic.
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1. INTRODUCTION

Heavy metal pollution is an environmental
problem that has harmful effect on both aquatic
and terrestrial environment. This may be
traceable to industrial activities such as mining,
electroplating and manufacturing of paper and
pesticides in form of mine tailings or effluents [1].
They have ability to complex with minerals to
form inorganic ligands with variable solubility and
acid-base potentials, thus, making their
remediation from contaminated body a major
concern [2,3].

Pollution arising from heavy metals poses
serious health problems to both human beings
and animals [4]. Toxicity generally results when
an excessive concentration is presented to an
organism over a prolonged period of time and
when the metal is presented in an unusual
biochemical form [5].

Recently, widespread concern over the
cumulative toxicity and environmental impact of
heavy metals such as Cd**, Cu**, Fe*" and Zn**
has led to extensive research into developing
alternative technologies for the removal of these
potential disease causing substances from
contaminated water [1,5]. Various treatment
techniques and processes have been developed
and used to remove the pollutants from
contaminated water. Among all the approaches
proposed, sorption is one of the most popular
methods and is currently considered as an
effective, efficient and economic method for
wastewater purification [6].

Combining the oxidation and reduction effect in
sorption processes, some redox composite
adsorbents have also been developed and
applied in water purification recently [7,8].

The conventional methods developed for the
removal of heavy metals from agueous solutions
are way too expensive to acquire. This poses
great limitation for remediation of heavy metals
contaminated water. Hence, there is a need for
developing a cheaper method for effluent and
waste water treatment [9]. Synthetizing effective
and low cost adsorbent that can be recycled for
removal of metallic contaminants from aqueous
environment will be of high interest [10]. This is
the reason why this work intends utilizing a
blended membrane of immobilized karkashi
leaves and sodium alginate to remove metallic
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ions from waste water. Immobilization of plant
cells facilitates continuous process and physical
separation between the cell and reaction medium
and also allows reuse of the cells [11].

To this end, this paper is aimed at synthesizing
and discovering new novel method of using low
cost adsorbent for the removal of metallic ions in
aqueous solution as a means for treating a waste
water.

2. MATERIALS AND METHODS

All reagents used are of analar grade, the
equipment used were washed and dried at
appropriate temperature.

2.1 Sampling Area and Sample Collection

Karkashi (Sesame leaves) which is the main
material needed for making the sorbent, was
randomly sampled across four farms in different
locations at Mayo-Ranewo, a village situated in
Ardo-Kola Local Government Area, Taraba state,
Nigeria, with geographical coordinates of 8°49'0”
North, 10°54’0” East.

Sodium Alginate, Sodium Chloride, Calcium
Chloride, NaOH and HCI were obtained from
chemical stores.

2.2 Sample Preparations

2.2.1 Preparation of sodium alginate and
calcium chloride

A solution of sodium alginate was prepared by
weighing and dissolving 4.0 g of the chemical in
100 ml volumetric flask with distilled water. This
was left overnight for complete dissolution to give
4% w/v. 0.12 M Calcium Chloride was also
prepared with a distilled water [12].

2.2.2 Preparation of Karkashi (Sesame) leaves

The Karkashi leaves were completely dried at
ambient temperature. The dried leaves then
pounded with a mortar and sieved with a 125
mm-20 um test sieve to produce a fine power.
This was transferred into a polythene bag for
further use.

A solution of the powdered sample was made in
two places; 4.0 g of the powder was placed in
two different beakers labeled A and B.



100 ml of distilled water was added to each and
stirred for 20 minutes.

The mixtures (A and B) were transferred into two
different separating funnels and left for 12 hours
for possible separation.

2.2.3 Immobilization of Karkashi leaves

25 ml of the viscous layer obtained above, was
mixed with 25 ml of 4% sodium alginate and
stirred vigorously in a 250 ml beaker. The
mixture was then poured into another beaker
containing 30 ml of 0.12 M calcium chloride
solution. This was given retention time of 1 hour
for complete precipitation.

The precipitate was filtered, allowed to dry at
room temperature and transferred into a
polythene bag.

The above process was repeated by mixing 4%
solution of the sodium alginate and viscous layer
at different ratio. The precipitates obtained were
filtered, dried and kept in different polythene
bags for further use [5,12]. Fig. 7 shows how the
blended membrane looks.

of Metal in

2.3 Determination lons

Solutions

The metal ions chosen for this study were Pb2+,
Cu®* and Zn?* 200 mg/L concentration of each of
the metal ions was prepared from their salts
using distilled water to represent a waste water
sample.

50 ml each of the solutions prepared above, was
transferred into 250 ml Erlenmeyer flask and 0.2
grm of the dried precipitate (a blend of
immobilized karkashi and Na-Alg) was added
and shaken vigorously for 2 hours with a
mechanical shaker.

The mixture was filtered and residual metal ion
concentration was determined using atomic
absorption spectrophotometer (Model VGP-210)
[13].

2.4 Optimization

2.4.1 Sorption
Karkashi

capacity of immobilized

For this study, 0.2 g of the sorbent was shaken
with 50 ml of 200 mg/L metal ion solution at room
temperature for 24 hours as reported by
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Osemeahon, et al. [14]. The simulated waste
water sample containing the blended membrane
was filtered and the filirate was analyzed for
residual metal ion concentration using AAS
model VGP-210.

2.4.2 Effect of pH on sorption capacity

The sorption characteristic of the blended
membrane at different pH values (1 - 6) was
investigated at 30°C [12,14]. 2.0M HCI and 2.0M
NaOH were used to adjust the pH of the
solutions to the required value. The residual
metal ion concentrations were measured using
AAS (Model VGP-210).

2.4.3 Effect of ionic strength on sorption
capacity

Useful information regarding salts effect was
obtained by measuring sorption capacity of the
blended membrane in various concentrations of
NaCl solutions. Different concentrations (0.00 -
0.34M) of NaCl were prepared and added to
adjust the ionic strength of metal ion solutions
and the equilibrium concentration of the residual
metal ion was determined.

2.4.4 Effect of temperature on sorption
capacity

The effect of temperature on the absorption
capacity of the blended membrane was
investigated. 0.2 g of the blend was shaken with
50 ml of the metal ion solution at different
temperature ranging from 30° to 90°C. The
mixture was filtered and analyzed for residual
metal ion concentration.

2.5 Effect of Sorption Kinetics

To determine the kinetics of sorption, eight
different aliquots consisting of 0.2 grm of the
dried blend and 50ml of the metal ion solution
were agitated and picked off the mechanical
shaker, one after the other at a predetermined
time interval ranging from 3 minutes-24 hours.
The solution were filtered and analyzed for
residual metal ion using AAS model VGP-210.
[12,15].

2.6 Effect of Initial Metal lon
Concentration on Sorption Capacity

To investigate the effect of initial metal ion
concentration on sorption capacity, a range of
the metal ion concentration from 5 mg/L to 1000
mg/L was prepared. From each of the prepared



concentrations, 50 ml was transferred into a 250
ml Erlenmeyer flask and 0.2 grm of the blended
membrane was added, shaken and taken out for
filtration and analysis of residual metal ion
concentration.

3. RESULTS AND DISCUSSION

The results have shown that the blended
membrane of karkashi and sodium alginate is an
efficient sorbent for the removal of heavy metal
ions from aqueous solution.

The study has shown that factors such as pH,
lonic Strength, temperature, concentration and
reaction time can affect the sorption capacity of
the blended membrane. Sorption was found to
be more effective at pH value of 3-6. This
suggest that the environment to be treated must
be slightly acidic [16].

Heavy metal polluted water treated with this
method should be post-treated to improve on its
portability for domestic, industrial and other uses.

Fig. 1 shows the equilibrium sorption for Pb*,
Cu®* and Zn** by immobilized karkashi leaves. It
is clearly observed that this immobilized karkashi
has the ability to take up significant quantity of
Pb*, Cu** and Zn*". The values 86.80%, 40.60%
and 39.55% respectively were obtained as
sorption capacity from the present study and are
comparable with those reported by several
authors [17,14,5]. The high affinity for Pb®* also
agrees with earlier reports on similar work for
heavy metal adsorption at acidic pH [18,19].

The differences noticed in the sorption capacity
for the different metal ions can be explained in
terms of differences in hydration free energy, the
ability of the metal ion to form covalent bond with
ligands, the metal polymeric cat ion with the
membrane structure and the nature of the
surfaces sites available [20].

The pH of the sorption media reflects the nature
of the physiochemical interaction between the
ions in solution and the nature of the sorption site
[21].

Fig. 2 represents the effect of pH on the sorption
of metal ions by the blended membrane is. It can
be observed that at the range of pH 3.0-6.0,
more metal ions were absorbed. Low absorption
was observed at pH values of 1-2. The figure
shows that Pb®*, Cu®* and Zn** have optimal pH
values of 3.0 at which they can be extracted by
the membrane used for the study.
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The pH influences the equilibrium of metal ion
uptake in aqueous solution by affecting the
speciation of the metal ion(s) in solution, the
concentration of the competing hydrogen ions as
well as the chemistry of the active binding sites
on the sorbent [22]. Increasing pH leads to
precipitation as insoluble hydroxides or hydrated
oxides, which lowers the availability of metal ions
for sorption. On the other hand, a decrease in pH
results in an increase in the hydrogen ion
concentration and hence possible competition
with the metal ions for the available binding site
[23]. This is shown in Fig. 2.

The effect of temperature on the sorption
capacity for Pb®*, Cu* and Zn®* by blended
membrane is shown in Fig. 3. The sorption of the
metal ions decreased with increase in
temperature. Temperature of 40°C represents
the optima temperature at which the blended
membrane could be used for the removal of
the metal ions in aqueous solution. This
trend of result may be explained by the following
factors:

The sorption process may be physical
adsorption. Physical adsorption is normally
exothermic. Thus, the extent of adsorption

generally increases with decreasing
temperature [24].
e Inherent molecular structure  which

influenced the properties of the blended
membrane prepared [25].

Contraction of the immobilized karkashi
leaves molecules with increase in
temperature to give a more compacted
form of blended membrane, which causes
the pores to be narrower and some
sorption sites to be hidden or inaccessible
to the metal ions [21] and

Dissolution of low molecular weight
polymers and non-cross-linked polymers
with increasing temperature [26].

The kinetics of sorption for Pb?*, Cu** and Zn**
on the blended membrane was studied (Fig. 4).
Complete saturation was reached after 0.05 hour
of contact for Pb**and Cu** while 1 hour was
recorded for Zn**. The relative rapid uptake for
Pb* and Cu®* by the blended membrane could
be explained by the porous structure of the
functional groups [18]. This result is a positive
development especially in terms of
economy. The observed trend after maximum
absorption by the blend may be due to
inadequate drying of the karkashi leaves [13].
This is shown in Fig. 4.
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Fig. 4. Effect of kinetics on sorption capacity

Industrial wastewater or natural water often
contains ions such as Na*, Mg®* and Ca*'; hence
the influence of ionic strength on the sorption
capacity of the blended membrane was
investigated. Fig. 4 is a chart showing the effect
of ionic strength on the blend performance. It
was observed that the sorption capacity
decreases with increasing ionic strength of the
salt solution [5].

Studies found indifferent literatures suggested
that the decrease in sorption capacity with
increasing ionic strength is attributed to the
reduction of the difference in ionic osmotic

pressure between the blend and the external
solution. The difference in ionic osmotic pressure
between the blend and the external solution
decreases as the ionic strength of the external
solution increases. Therefore, the sorption of
metal ions decreases when the ionic strength in
the solution increases [17]. From this study, the
co-existence of metal ions in solution caused an
interference with the performance of the
karkashi/Na-Alg blended membrane [5]. A
pretreatment of effluent to remove the interfering
ions seems necessary for effective application of
the blended membrane. The above discussion is
illustrated in Fig. 5.
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Fig. 5. Effect of ionic strength on sorption capacity
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Fig. 7. Blended membrane of immobilized Karkashi and Sodium alginate

The effect of initial metal ion concentration on
sorption capacity of the blended membrane is
shown in Fig. 6. It was observed that the sorption
of metal ions by the blend increase with increase
in the initial metal ion concentration. This
behavior can be explained in terms of increase in
flux of the metal ion [22]. The flux of a cat ion
varies in direct proportion with the metal ion
concentration and hence, there should be an
increase in flux with increase in metal ion
concentration.

4. CONCLUSION

The results obtained showed that karkashi/Na-
Alg blend is efficient in removing heavy metal
ions in aqueous solution. The study further
showed that various factors such as pH,
concentration, temperature, reaction time and
ionic strength can affect the efficiency of the
blended membrane.
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The blend was found to be more effective in
acidic medium than in basic medium, with
an optimal pH value of 3.0. This suggest that the
environment to be treated must be slightly
acidic before treatment. The environment
must also not be too acidic as H" would
compete with metal ions for available binding
site.

The respective maximum sorption capacities of
the blended membrane were 86.80, 40.60 and
39.55% for Pb*, Cu** and Zn*. The sorption
equilibrium studies also showed that metal ion
uptake by the blended membrane decreased
with increasing ionic strength and after a
temperature of 40°C while increases in initial
metal ion concentration was found to be in
direct proportion with metal ion uptake. The study
has shown that the membrane is a potential
material for the removal of these ions from
wastewater.
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