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Abstract

In this paper removal of Ni(IT), Cu(II) and Pb(II) ions from aqueous solutions by leaves of Punica geranatum
were investigated. The biosorption was found to be pH dependent and the highest uptake of all the men-
tioned metal ions occurred at pH 4. Furthermore, the influence of other parameters such as initial metal ions
concentration and contact time of biosorbent and sorbents were evaluated. Equilibrium data fitted very well
to Langmuir model for all studied metals. It was also concluded that the Freundlich isotherm cannot be
enough appropriate for the equilibrium data of all three metals. Biosorption of Ni(Il), Cu(Il) and Pb(II),
reached equilibrium in 60, 60 and 30 min, respectively. Moreover, the adsorption rate of the metals can be

best described by the second order model.
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1. Introduction

Development of industrialization and human activities
culminated in the increased discharge of dreg and waste-
water containing heavy metals into environment. The
toxic effects of some metals, such as zinc, and the ten-
dency of other metals, such as lead and cadmium, to ac-
cumulate within the food chain, make their presence in
nature a severe threat to aquatic life [1].

The conventional techniques are commonly applied
for the removal of heavy metals from wastewater in-
cluding chemical (precipitation, neutralization, oxidation
or reduction) or physical (ion exchange, membrane se-
paration, reverse osmosis and adsorption processes) me-
thods [2,3]. However, most of these methods are com-
plicated and expensive. Furthermore, when these proc-
esses are applied to diluted metal wastes or lower con-
centrations of metal ions, they are ineffective [4,5].

Consequently, attempts have been made in order to
find new straightforward and efficient techniques. Bio-
sorption, the use of microorganisms (such as bacteria and
fungi) and photosynthetic life (such as algae, aquatic and
emergent plants), for the removal of metal ions, is one
emerging technology that holds promise in this regard
[6,7]. Considerable potential exists for these naturally
existing, abundant and cheap sources of biomass [8]. The
biosorption process is effective even if the concentration
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is as low as 200 pg/ml [9].

There are two general mechanisms for the uptake of
dissolved metal ions from water by biological biomass.
The first one, metabolism-independent surface reactions,
encompasses surface precipitation and surface com-
plexation. This step is very rapid and occurs in a short
time after the biomass comes into contact with the metals.
The second one, however, is metabolism-dependent up-
take step, in which the metal is transported in to the cells.
This stage is slower than the first one [6,10].

Several mathematical models have been proposed in
literature in order to describe the equilibrium isotherms
of adsorption process. Langmuir and Freundlich iso-
therms, which are very well-known models in describing
heavy metal biosorption, have been extensively in this
work.

A general expression of the Langmuir model is [11,12]:

_ qmax bCeq

= 1
Oeq 1+bC,, M

where (gq is the amount of metal adsorbed per gram of

biomass weight at the equilibrium state, Cqq is the resid-

ual metal concentration left in solution after binding, Q.x

is the maximum possible amount of metallic ion, ad-

sorbed per unit of weight of adsorbent and b is a constant

related to the affinity of the binding sites for the metals.
The Freundlich model is expressed as [13]:
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qeq = KFCelén (2)

where (g is the amount of solute per weight unit of dry
sorbent, Kg and n are empirically determined constants
and Cg is the solute equilibrium concentration. The
Freundlich equation is often linearized by logarithmic
transfer of Equation (2).

InQ,, = Ink. + % InC, 3)

The amount of metal ions adsorbed per unit of empty

sorbent was obtained by using the following equation:
(C;-C, )V

q v “4)
where ( is the amount of metal ions, adsorbed onto the
mass unit of the adsorbent, C; and C, are the concentra-
tions of the metal ions before and after biosorption, V is
the volume of the aqueous phase, and M is the amount of
the adsorbent.

The kinetics of heavy metal adsorption can be mod-
eled by the Lagergren pseudo-first order and second or-
der reaction rate equations.

Lagergren developed a model for adsorption kinetics
based on the first order reaction [14]. The equation is
expressed as follows:

In (0 — 0 ) = In gq — kit (5)

where Kk; is Lagergren rate constant for adsorption, Qeq is
the amount of adsorbate, adsorbed at equilibrium state
and ¢ is the amount of adsorbate adsorbed at any given
time t.

A second order, reaction rate equation was proposed

by Ho and Mckay to study the kinetics of adsorption [15].

The equation is expressed as follows:

Lot ©)

G K,a® G

eq

where K, is the second order adsorption rate constant.

In the present study the potential of Punica geranatum
leaves for removal of Ni(I), Cu(Il) and Pb(II) ions from
aqueous solutions, and the effect of various parameters
such as contact time of biosorbent and sorbents, pH of
metal solutions and initial metal ions concentration have
been investigated. Equilibrium modeling of biosorption
was carried out using Langmuir and Freundlich, adsorption
models equations. In addition, the biosorption Lagergren
pseudo-first order and second order models were used to
elucidate the kinetic characteristics of this process.

2. Materials and Methods

2.1. Preparation of Biomass and Metal Solutions

The leaves of Punica geranatum were collected in May
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2006 from Yazd, Iran. The leaves were extensively wa-
shed with deionized water and then dried at room tem-
perature. Dried biomass was powdered in a laboratory
blender and sorted by sieving technique using the stan-
dard test sieves. The batch of biomass with suitable par-
ticle size (35-60 mesh) was selected for further experi-
ments. The stock solutions (1000 mg/L) of Ni(II), Cu(II)
and Pb(Il) were prepared from analytical grade nitrate
salts (Merck). The working solutions were made by di-
luting the stock solutions to appropriate volumes. The pH
of each solution was adjusted, with diluted or concen-
trated HCI and NaOH solutions before mixing of bio-
mass.

2.2. Experimental Conditions

Batch biosorption studies were conducted in 100 ml
flasks by transferring 50 ml of metal solutions with the
appropriate pH and concentration, and 0.5 gr of the bio-
mass. The flasks were agitated on a shaker at 100 rpm for
a predetermined sorption time period. After the incubation
time, solutions were filtered and the metal ions concen-
trations were measured by shimadzu, AA-6800 model
flame atomic absorption spectrophotometer equipped with
Hallow Cathode Lamp and air acetylene burner.

3. Results and Discussion

3.1. The Effect of pH on Biosorption

The solution pH is one of the most important parameters
affecting the biosorption process [16]. The effect of pH
on metal uptake is shown in Figure 1. It was observed
that the biosorption of Ni(Il), Cu(Il) and Pb(Il) on P.
granatum leaves increased with pH up to 4.0. Solution
pH affects both cell surface metal binding sites and metal
chemistry in water [17]. At low pH values, cell wall
ligands are totally involved in H" and H;O" ions, so re-
pulsive forces make binding sites inaccessible for the
metal ions. With an increase in pH, the negative charge
density on the biosorbent rises which results in attraction
between these negative charges and the metal ions and
therefore in increasing the biosorption [18,19].

It was revealed that biosorption was very nominal in
pH 2 (12.6%, 11.7% and 21.4%, for Ni(I), Cu(Il) and
Pb(Il), respectively). It was also found that maximum
uptake percent of all metal ions was in pH 4. An insig-
nificant decline in biosorption could be observed in pH 6
due to the decrease in the metal solubility and precipita-
tion of metal hydroxides.

3.2. Effect of Initial Metal Concentrations

The metal uptake mechanism is remarkably dependent
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Figure 1. The effect of pH on the biosorption of Ni(ll), Cu(ll)
and Pb(I1) from 10 mg/L metal ion solution and 10 g/L P.
granatum under equilibrium times and shake flask at 100
rpm at room temperature.

on the initial metal ions concentrations [20]. Increasing
the initial metal ion concentration causes an increase in
the biosorption capacity of the biosorbent which stems
from the fact that the probability of collusion between
metal ions and biosorbent increases in this condition
which enhances the biosorption ability [18,21].

Sorption of heavy metals on P. geranatum biomass
was carried out at diverse initial metal ion concentrations
(5-1000 ppm) at pH 4. According to Figure 2, the slopes
of the curves (fe) Were enhanced in lower concentra-
tions with increasing Cgq (equilibrium concentration) for
all the examined metals and with further increment in
concentration, (e values exhibited negligible variations
due to the saturation of the binding sites.

3.3. Adsorption Isotherms

An adsorption isotherm is characterized by special con-
stants which express the surface properties and the affin-
ity of the sorbate to the sorbent [22]. Out of several iso-
therm equations, Langmuir and Freundlich models have
been applied for this study, which were expressed previ-
ously in detail.

The linearized Langmuir and Freundlich adsorption
isotherms of each metal ion are exhibited in Figures 3
and 4.

The Langmuir and Freundlich adsorption constants
which were mentioned in Equations (1) and (2), together
with the correlation coefficients (r*) are listed in Table 1.

The r* values are respected as a measure of fitness of
experimental data on the isotherm models [23], which for
all the metals in the Langmuir model were very close to
1. The experimental maximum uptake values were 11.4,
15.5 and 18.4 for Ni(Il) Cu(Il), and Pb(II), respectively
which showed acceptable accordance to theoretical val-
ues from the Langmuir equation. The 0O, (maximum
uptake) for Pb(Il) was higher than other metals which
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Figure 2. The effect of initial metal ion concentration (5-1000
mg/L), on the biosorption of Ni(ll), Cu(l1) and Pb(Il), pH 4,

10 g/L P. granatum under equilibrium times in shake flask
at 100 rpm at room temperature.
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Figure 3. The Langmuir adsorption isotherms for Ni(ll),
Cu(ll) and Pb(Il) biosorption by P. granatum (10 g/L).
Conditions: initial metal concentration of 5-1000 mg/L, pH

4, flask shaking at 100 rpm at room temperature under
equilibrium time for each metal.
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Figure 4. The Freundlich adsorption isotherm for Ni(ll),
Cu(ll) and Pb(Il) biosorption by P. granatum (10 g/L).
Conditions: initial metal concentration of 5-1000 mg/L, pH
4, flask shaking at 100 rpm at room temperature under
equilibrium time for each metal.
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Table 1. Langmuir and Freundlich constants for the sorp-
tion of each metal with P. granatum biomass.

Langmuir parameters Freunlich parameters

Metal Qmax

fons— (exp.) Qmax (theo.) b r? K n r’
Ni 11.4 11.587 0.017 0.9908 0.437 1.873 00915
Cu 15.5 16.207  0.018 0.9990 0.477 1.698 0914
Pb 18.4 19.569  0.022 0.9958 0.779 1.875 0.964

implied the higher sorption capacity of P. granatum
leaves for Pb(I). The relative order of metal uptake af-
finity of P. granatum leaves was Pb(II) > Cu(II) > Ni(II)
based on b amounts.

The r* values for Freundlich isotherm were lower than
Langmuir isotherm which expressed Ni(II), Cu(Il) and
Pb(Il), ions adsorption are relatively conform to the
Freundlich model, though not as perfect as to the Lang-
muir model.

3.4. Biosorption Kinetics

The change in the amount of adsorbed metal with time is
shown in Figure 5. Biosorption of heavy metals demon-
estrated a fast rate during the initial 30 min due to huge
amounts of unoccupied sites on the biosorbent. Biosorp-
tion of Ni(II), Cu(Il) and Pb(Il), reached equilibrium in
60, 60 and 30 min, respectively. Beyond these contact
times there was no further increase in heavy metal re-
moval because all the active sites had been occupied.
The percent of heavy metal removal on the equilibrium
times were 61.1%, 70.4% and 78.0% for Ni(Il), Cu(II)
and Pb(II), respectively.

According to the Equations (5) and (6) which were
implied previously, kinetic data could not be described
by the pseudo-first order model. Low correlation coeffi-
cients (< 0.68) were attained for this model in compari-
son with coefficients for second order model which were
above 0.99 (Figure 6) for all the metals and acceptable
fitness of experimental data in this model endorsed this
results. It was proved from Table 2 that the theoretical
Qeq Values calculated from Lagergren first order kinetic
model for biosorption of Ni(Il), Cu(Il) and Pb(II), had
huge variations with the experimental geq values, though
the experimental and theoretical (¢ values for second
order kinetic model can interpret more precise descrip-
tion of adsorption kinetic [13].

4. Conclusions

Punica granatum leaves was shown to be significantly
effective in uptake of Pb(II) from aqueous solutions
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Figure 5. The time-course relationship of the biosorption of
Ni(l1), Cu(l1) and Pb(Il) from 10 mg/L metal ion solution,
pH 4, 10 g/L P. granatum in shake flask at 100 rpm at room
temperature.
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Figure 6. Biosorption of Ni(ll), Cu(ll) and Pb(ll), by P.

granatum on the second-order reaction kinetics model, as
related to time (t) and the quantity of metal adsorbed at t
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Table 2. Pseudo-first-order and second-order kinetic con-
stants for the sorption of each metal with P. granatum bio-
mass.

Second-order kinetic
constasts

Pseudo-first-order Kinetic
constants

Geq

Metal (exp.)

(mg/g) Yeq (theo.) K, 12
(mg/g) (1/min)

Qeq(theo.) K, )
(mg/g) (1/min)

Ni  0.66 0.116 ~ 0.0031 0.4218 0.620  0.962 0.9998
Cu 0.74 0.135 0.0061 0.6739 0.724  0.414 0.9999
Pb  0.83 0.116 ~ 0.0030 0.3165 0.779  1.296 0.9999

among the tested metals which proves its notable appli-
cation for remediation of environment from lead which is
a threatening danger for environment and people’s health.
The study of metal’s biosorption by P. granatum leaves
indicated that the process conform Langmuir isotherm
model, reasonably. The overall adsorption rate of the
Ni(IT), Cu(Il) and Pb(II) can be best described by the
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second order model which the results of experiments
completely confirm this claim.
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