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ABSTRACT

Conventional reagents for the remediation of heavy metals from wastewaters are expensive. Plant
materials are being investigated to serve as alternative. The potential of Senna occidentalis leaves in
removing Pb (1) and Cu (II) ions from aqueous solution was investigated using Batch adsorption
method. The process was subjected to different experimental conditions such as initial metal
concentration, solution pH, contact time, biosorbent dose, temperature and shaking speed. Atomic
absorption spectroscopy (AAS) was employed in the determination of metal ion concentrations in
solution after agitation, and characterization of plant biomass was done using infrared (IR) and scanning
electron microscopy (SEM) analytical techniques. The adsorption process vary with the pH of the
reaction medium. The optimum adsorption of Pb (1) and Cu (1) ions was achieved at pH 6 and 4 with
percent uptake recorded at 97.70% and 82.32% respectively. At optimum temperatures of 40°C & 60°C
for Pb (I1) and Cu (1) ions, reaction equilibrium was attained after 120 min and 90 min of contact with
20 mg and 40 mg doses of the biomass respectively. The adsorption data for Pb (1) ion fitted well to
Langmuir, Freundlich, Temkin and Dubbinin-Radushkevich isotherms. However, Cu (Il) ion
adsorption mechanism showed exception to Langmuir adsorption isotherm. The plant material was
found to be effective in removing Pb (I1) and Cu (I1) ions and thus, can serve as a substitute for costly
adsorbents in the remediation of Pb (1) and Cu (lI) ions from wastewaters.
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INTRODUCTION

Biosorption is a process which involves the use carbonyl (acids and esters), hydroxyl and amino
of materials that are of plant and animal origin, groups [3]. Phosphate, cyanide and sulphate
to remove metal ions from aqueous solution groups are sometimes found useful depending
such as wastewater and effluents. The SO!Id on the type of plant [4]. In addition to the
material used is known as the adsorbent while presence of functional groups, other factors can
the solution is called the adsorbate. In this influence the efficiency of the plant material as
process, the mechanism of metal uptake can be a metal adsorbent. Some of these factors
elther_phys_lcal (phy_5|sorp_t|on) or chemical include: pH. charge of the metal ion,
(chemisorption). Physisorption occurs when the temperature of the reaction medium, status of
metal ions adhered to the surface of the adsorbent-whether dead of living and presence
adsorbent are bonde;d by a weak Van dgr of competing ions [1, 3, 5, 6]

Waaal’s forces and is reversible [1] while in

chemisorption, metal ions from the solution are Since plant materials are abundant, readily
strongly bonded to the functional groups available and cheap, they can be used as
present on the surface of the adsorbent and the substitute to the expensive conventional ones
process is irreversible [2]. Based on this like resins used for the removal of heavy metals
principle, biomaterials which are known to from wastewater. These heavy metals have
possess binding sites (functional groups) of been known to have serious health implications
different types are used in the remediation of even in traces [7, 8, 9]. They have the potential
toxic metals from agueous solution or effluent. to affect brain, kidney, liver, ovaries and lungs
Among the functional groups in plants that are causing organ damage [10, 11, 12, 13]. The
responsible for the removal of metal ions are the existence of heavy metals naturally in the
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lithosphere makes them to be indestructible
[14], and hence the need to device a means of
remediating them from the water source,
wastewater or effluent. Methods that are
affordable and environmentally friend when
employed can reduce these toxic metals to a
bearable level.

Many plant materials have been tested for their
capacities to adsorb heavy metals from aqueous
solution, which include peanut shell [15], rice
husk [16], bear yeast [17], Sesame indicum [3]
and

Equisetum horsetail [18]. However, Senna
occidentalis leave has not been adequately
explored for this function. In this study, we
have investigated the potential of Senna
occidentalis leave biomass for heavy metal
remediation in aqueous solution.

MATERIALS AND METHODS

Materials

Senna occidentalis leaves were collected in
October 2014 at the time of bloom, washed with
tap water and finally with distilled water. It was
then air-dried at room temperature under the
shade for 14 days. The biomass was ground to
powder using grinding mill and sieved to a
particle size of 1mm. It was stored in

polyethylene bottles prior to analysis.

Plates 1: Pictures of (a) Senna occidentalis
plant (b) Senna occidentalis leave powder

Methods
Preparation of copper and lead solutions

Metal salts used are BDH chemicals obtained
from Department of Chemistry of the
University of Jos. Standard solutions of lead (1)
and copper (1) were prepared from the stock
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solutions of their salts using serial dilution.
Exactly 1.598 g of lead nitrate [Pb(NOs),] and
3.9296 g CuSO4.5H,0 BDH were used in the
preparation of the stock solutions of 1000 mg/L
[19, 20]. The HCI and NaOH used for pH
control were all of analytical grade and were
used without further purification.

Sorption experiment

Batch adsorption method adopted by Gongden
[21] was employed in the biosorption study and
the elemental analysis was done using AAS
model varian spectr. A.A 200.

Determination of effect of initial metal ion
concentration

Exactly 0.05 g of plant leave powder was
weighed and added to 50 c¢cm® of metal ion
solution prepared at different concentrations
(2.0 mg/l — 10.0 mg/l) in a 250 cm?® conical
flasks. The mixtures were shaken using for 120
minutes at 250 rpm. The mixtures were filtered
using Whatman No.1 filter paper and the
concentrations of Pb (I1) and Cu(ll) ions in the
filtrates were determined using AAS.

Determination of effect of pH

The sorption experiment was carried out at
different pH values ranging from 2 — 10 in order
to investigate its effect on the percent metal
adsorption. Exactly 0.05 g of plant leave
powder was weighed and transferred into 250
cm? conical flask containing 50 cm?® of optimum
metal ion concentration (i.e. the concentration
with the highest adsorption). Solution of 1.0 M
HNO;3 or 1.0 M NaOH was added in dropwise
until the desired pH was obtained. The mixtures
were agitated at 250 rpm for 120 minutes and
filtered. The concentrations of Pb (Il) and
Cu(ll) ions in the filtrates were determined
using AAS.

Determination of effect of biosorbent dose

Various masses (0.01 g — 0.2 g) of the leave
sample were weighed and added to the
respective metal ion solutions of optimum
concentration. The pH of the mixtures were
adjusted to the optimum pH and the resulting
mixtures were shaken vigorously for 120
minutes at 250 rpm and filtered. The
concentrations of Pb (I1) and Cu(ll) ions in the
filtrates were determined using AAS.
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Determination of effect of contact time

Optimum biosorbent dose of leaves sample was
added to 50 cm? of different metal ion solutions
of optimum concentrations at optimum pH and
room temperature. The resulting mixtures were
shaken vigorously at 250 rpm and at different
time intervals of 30, 60, 90,120 and 180
minutes respectively. The mixtures were
filtered and the filtrates obtained were used to
analyse the concentrations of Pb (11) and Cu(Il)
ions using AAS.

Determination of effect of temperature

Metal ion solution of optimum concentration
and pH were prepared. The optimum biosorbent
dose of the leaves sample was weighed and
added to each of the metal solutions at different
temperatures of 30°C, 40°C, 60°C, 80°C and
100°C. The mixtures were shaken vigorously at
optimum contact time and filtered. The
concentrations of Pb (I1) and Cu(ll) ions in the
filtrates were determined using AAS.

Determination of effect of agitation speed

All optimal conditions were observed with
agitation speed ranging from 100 rpm — 300
rpm on leave sample. The separation of the
adsorbent from solutions was carried out by
filtration with Whatman No.1 filter paper and
the filtrates were analyzed for residual metal
ions using AAS.

Sorption capacity

The mass balance equation was used for the
evaluation of metal uptake capacity by the plant
leave sample as given below:

100 * (Co — Ce)
Co

Where Co and Ce are the initial and equilibrium
concentration of metal ions (mg L) in solution.

% adsorption =

Adsorption capacity, g at specific time, t, was
calculated by the following equation

. (Co—Ce)V
B M

Where qt is the adsorption capacity (mg/g), Co
is the initial concentration of metal in solution
(mgL™), Ce is the equilibrium concentration of
metal in solution (g L), V is the volume of
metal ion solution (L) and M is the mass of the
adsorbent ().

The results obtained were subjected to various
adsorption models such as Langmuir,
Feundlich, Temkin and Duvunin-Radushkevich
isotherms models, adopting the methods by [3,
22, 23]

Biomass Characterization

Characterization of the native biomass was
done using Infrared (IR) and Scanning Electron
Microscopy (SEM) analytical techniques.

RESULTS AND DISCUSSION
IR and SEM characterization

The IR spectrum of the Senna occidentalis
leaves biomass indicates the presence of
binding sites such as hydroxyl, carbonyl and
ester as shown in the Table 1.

Table 1: IR Characteristic Bands and their Functional Group Assignment for Raw and Modified Blends

of Senna occidentalis (cm™)

SOL Functional group Similar functional group
assignment

3264.54 O-H str. [24, 25]

2917.78 C-H str. , alkanes [23, 26]

1604.67 C=0 [27]

1403.32 C-H bending, alkanes  [24]

1024.35 C-0-C [28]

SOL=Senna occidentalis leaves
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The presence of these functional groups is an
indication of the absorptive potential of this
adsorbent for heavy metals.

The SEM micrograph as shown in Plate 2
revealed the porous nature of the adsorbent,
necessary for metal uptake.

Plate 2:

Scanning Electron Micrograph of
Native Senna occidentalis Leaf (SOL)
Biomass

The presence of pores on the surface of the
adsorbent and the irregular nature of the surface
suggest the possibility that the metal ions can be
trapped and adsorbed onto the surface [26].

Effect of initial metal concentration

The results of the effect of initial metal
concentration for Pb(Il) and Cu(ll) adsorption
by Senna occidentalis leaves adsorbents are
shown in figure 1. Variation in the extent of
adsorption of the metal ions by the adsorbents
was observed.
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Figure 1: Effect of initial metal concentration (mg/L) on
the adsorption of Pb (I1) and Cu (lI) ions onto Senna
occidentalis leaves at constant temp of 298K, biomas
dosage of 0.05 g, contact time of 2 hrs and shaking speed
of 250 rpm.

Maximum adsorption of Pb (I1) was achieved at
93.15% with 2.0 mg/l initial metal
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concentration. The percent  adsorption
decreased with the increase in concentration of
the metal solution. The maximum adsorption of
Pb(ll) at the lowest concentration is similar to
the earlier report by Amer et al., [29] and Jimoh
et al, [30]. The presence of abundant
adsorption sites at the initial stage may be the
cause of initial fast rate of Pb (I) uptake by the
biomass [31]. The progressive increase in
electrostatic interaction between the Pb(ll) ions
and the adsorbent active sites may be an added
advantage. On the other hand, Cu (1) witnessed
a gradual increase in adsorption with a
corresponding increase in initial metal
concentration to the optimum of 8 mg/l. This
gradual increase in adsorption may be linked to
the availability of adsorption sites which
become occupied as the concentration increases
up to the point of saturation (8 mg/l) where the
sites are assumed to be completely bonded to
the available metal ions in solution [4, 32]

Effect of pH

The results of the effect of pH is presented in
Figure 2. The optimum uptake of Pb (1) was
observed at pH 6 while that of Cu (Il) ions
was observed at pH 4.
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Figure 2: Effect of pH on the adsorption of Pb (I1) and Cu
(1) ions onto Senna occidentalis leaves at constant metal
concentration of 2 mg/L (Pb) & 8 mg/L (Cu), Temp of
298K, biomas dosage of 0.05 g, contact time of 2 hrs and
shaking speed of 250 rpm.

pH is one of the factors which influences the
speciation and biosorption affinity of metal ions
[1, 4, 5]. From the results in Figure 2, low
uptake of Pb (1) and Cu (Il) was observed at
low pH of 2. This can be attributed to the
competition between the proton on the
adsorbent surface and the metal ions in solution
for adsorption sites. The presence of protons on
the adsorbent surface has been reported to
affect metal adsorption [16, 17]. As the pH of
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the metal solutions increases, an increase in the
Pb (1) and Cu (Il) uptake was observed. This
may probably be due to the decrease in the
amount of proton on the adsorbent surface,
providing an avenue for metal- adsorbent
interaction and resulting in high metal uptake.
This continues until an equilibrium was
established.

At the point of equilibrium, the metal reached
its optimum level of extraction. Exactly 82.32
% of Cu(ll) and 97.70 % of Pb(Il) was
optimally extracted from solution at pH 4 & 6
by Senna leaves respectively. Cu(ll) adsorption
at pH 4 was reported earlier by other
researchers [17, 28]. Many plant materials have
been reported to absorb metals at pH 6 [16, 18];
which is in conformity with this finding with
respect to Pb(Il).The binding of the metals to
the adsorbents at this pH range can be linked to
the presence of carbonyl group [4].

Effect of dosage

The results of the effect of biomass dosage on
Pb(ll) and Cu(ll) ions adsorption by Senna
occidentalis leaves are presented in Figure 3.
Cu(ll) was observed to have higher dosage
requirement than Pb(l1). The percent adsorption
of the metals was affected by the biomass
dosage.
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Figure 3: Effect of biomass dosage (g) on the adsorption
of Pb (I1) and Cu (I1) ions onto Senna occidentalis leaves
at constant metal concentration of 2 mg/L (Pb) & 8 mg/L
(Cu), Temp of 298K, contact time of 2 hrs, pH of 6 (Pb)
& 4 (Cu) and shaking speed of 250 rpm.

The capacity of biomass to adsorb cations
depends on the biomass dosage. Metal uptake is
expected to increase with the increase in
biomass concentration. The metal studied
experienced early fast metal uptake due to the
availability of sufficient metal ions to limited
active sites. Low adsorbent dose can also lead
to early saturation of the adsorbent surface.
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From Figure 3, it can be observed that the
optimum adsorbent dose for all the metals
ranged from 0.01 — 0.05 g, beyond which
decrease in metal uptake occurred. The break
through points for Pb (1) was observed at 0.02
g and that of Cu (Il) was 0.04 g. The initial
increase in metal uptake with the corresponding
increase in dosage may be connected to the
increase in surface area and active sites up to
the point of equilibrium. A decrease in the
percent metal uptake was observed after the
equilibrium has been attained. The decrease
may be due to the presence of limited amount
of metal ions in solution to the increasing
adsorbent dosage. Another factor which might
contribute to the decrease in adsorption of the
metals is the reduction in surface area as a
results of agglomeration of adsorbent particles
[27,33]

Effect of contact time

The results of the effect of contact time on Pb
(1) and Cu (Il) ions adsorption by Senna
occidentalis leaf adsorbent are shown in Figure
4. The adsorbent showed different adsorption
potential for the metals at various contact time.
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Figure 4: Effect of contact time on the adsorption of Pb
(1) and Cu (I1) ions onto Senna occidentalis leaves at
constant metal concentration of 2 mg/L (Pb) & 8 mg/L
(Cu), Temp of 298K, dosage of 0.02 g (Pb) & 0.04 g (Cu),
pH of 6 (Pb) & 4 (Cu) and shaking speed of 250 rpm

Contact time is an equilibrium factor which
determines how fast an adsorbent can remove
heavy metals from solution. The optimum
percent adsorption of Pb (11) ions (90.05%) onto
the biomass took place at a higher contact time
of 120 min despite the low dosage requirement
of 0.02g. This is probably due to the high
molecular weight of Pb (Il). Similarly,
maximum uptake of Cu (Il) at 79.28% at the
same time of contact might be due to the high
dosage requirement of 0.04g. The adsorption of
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Pb (II) ions after 120 min and that of Cu (lI)
ions after 90 min of contact is similar to the
earlier reports [29, 34]. The rate of metal uptake
is a function of not only the time but the nature
of substrate and the metal ions [31]. Desorption
might likely be the cause of decrease in the
percent Pb(ll) and Cu(ll) adsorbed after the
optimum time. Optimum time of contact of 180
min has also been reported for Pb(Il) [4].

Effect of Temperature

The results of the effect of temperature on Pb
(1) and Cu (Il) ions adsorption by Senna
occidentalis leaves are presented in Figure 5.
The adsorption of all the metals was affected by
the change in temperature.

——Pb(ll) Cu(ln
120
100 —0——=
80
60 \’\ X
40
20
0
0 20 40 60 80 100 120

TEMPERATURE (°C)

Figure 5: Effect of temperature on the adsorption of Pb
(1) and Cu (ll) ions onto Senna occidentalis leaves at
constant metal concentration of 2 mg/L (Pb) & 8 mg/L
(Cu), Temp of 298K, dosage 0f 0.02 g (Pb) & 0.04 g (Cu),
pH of 6 (Pb) & 4 (Cu), contact time of 120 min (Pb) & 90
min (Cu) and shaking speed of 250 rpm

The adsorption of Pb (I1) and Cu (I1) onto Senna
leaves was found to be temperature dependent.
The results revealed that Cu(ll) adsorbed at a
higher temperature of 60°C than Pb (1) at 40°C.
This is not far from the fact that metal
adsorption is favoured by endothermic process.
Beyond these optimum  temperatures,
adsorption of these metals were observed to
have reduced drastically. This decrease in
adsorption may be attributed to the desorption
of the metals from the adsorbent surface since
adsorption is not favoured at higher temperature

[5].
Effect of shaking speed

The results of the effect of shaking speed on Pb
(1) and Cu (Il) uptake by Senna occidentalis
leaf adsorbent are presented in Figure 6. The
figure indicates that the uptake of the metal ions
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assumed a similar scenario of increasing and
decreasing fashion. All the metals attained
optimum removal between 150 — 200 rpm by
the biomass.
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Figure 6: Effect of shaking speed on the adsorption of Pb
(1) and Cu (I1) ions onto Senna occidentalis leaves (rpm)
at constant metal concentration of 2 mg/L (Pb) & 8 mg/L
(Cu), Temp of 298K, dosage of 0.02 g (Pb) & 0.04 g (Cu),
pH of 6 (Pb) & 4 (Cu) and contact time of 120 min (Pb) &
90 min (Cu)

Shaking induces collision between the metal
ions and the biosorbent particles. These
collisions are necessary for a successful
biosorption process [28]. As the shaking speed
increases, frequency of collision also increases,
resulting in the increase in percent metal
uptake. However, excessive increase in the
agitation speed increases the mobility of the
two phases, denying the adsorbent the adequate
time for metal uptake, and consequently
resulting in the detachment of already adsorbed
metal ions. Therefore, removal capacity drops
at extremely high shaking speed [28]. From the
results of the adsorption of Pb(ll) and Cu(ll)
onto Senna occidentalis leaves, it can be
observed that both the metals were adsorbed
maximally at 200 rpm. The initial low uptake of
the metals at 100 rpm may be linked to the low
frequency of collision between the metals and
the adsorbents surfaces.

The leaves have proven to be good adsorbents
for Pb(11) and moderate for Cu(ll). The results
show that approximately 90-100% Pb(Il) and
78-80% Cu(ll) ions were removed from the

aqueous solutions at various optimum
experimental conditions.
ISOTHERMS

The correlations of the adsorption mechanism
of Pb (1) and Cu (II) extraction from aqueous
solution to the Langmuir, Freundlich, Temkin
and Davinin — Radushkevick (D-R) isotherm
models are presented in Table 2. Good
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correlations were observed for both the metals
with all the isotherms. However, Cu does not fit
to Langmuir isotherm.

Table 2: Isotherms constants for the adsorption of Pb (1I) and Cu (Il) ions onto Senna occidentalis

leaves biomass

Isotherm Langmuir Freundlich Temkin D-R
R2 qe B RL R2 kf n RZ BTe aTe R2 qmax E
Element (mg/L) | (L/mg) (mg/L) | (kJ/mol)
Pb (I1) 0.96 | 11.3 1.14 0.31 | 1.00|0.05|056 095|554 - 0.91 | 6.09 0.17
6.05
Cu (I1) 0411 -8.24 -0.16 | - 094|149 0.69 097|049 |031 | 097|824 2.11
3.89
CONCLUSION solution by thermally and sulphuric

This study revealed that Senna occidentalis
leaves are capable of removing 90 - 99% Pb (1)
and 71-91% Cu (11) ions from aqueous solution
at optimum conditions so established. The
adsorption processes of both metals followed
heterolayer mechanism. In addition, Pb (II)
adsorption also occur at monolayer surface. The
energy of adsorption indicates that the binding
of the metals onto the surface of the adsorbent
is due to weak van der Waals forces - indicating
physisorption. This shows that Senna
occidentalis leaves can be used as an alternative
adsorbent to the expensive conventional ones
for the removal of lead and copper from waste
water.
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