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Abstract: This study was carried out to evaluate the efficiency of metals (Pb, Cd and Co) removal from oil spill water using
the soursop (Annonamuricata) peels as adsorbent. Batch adsorption experiment was conducted as a function of pH, contact
time, adsorbent dosage and particle size. Optimum pH of removal obtained for Pb, Cd and Co ions were 6, 6 and 4
respectively. The kinetic data obtained in this study fitted well to pseudo-second order model. This study showed that soursop
peels is a potential biosorbent for the removal of Pb, Cd and Co ions from oil spill water, thus providing a cheap way of

safeguarding human health, aquatic lives and soil fertility.
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1. Introduction

Oil exploration and production activities have left a
severely degraded environment in the Niger Delta region,
South-South, Nigeria. The increase in environmental damage
has been attributed to the uncontrolled discharge of oil or its
by-products including other chemicals and wastes into water.
The discharge could occur as a result of equipment failure
and operational errors which raise the pollutant levels in
water [1, 2]. Therefore, crude oil extraction and processing
not only damage the environment but also adversely affect
communities and public health. Pollution of rivers and ponds
by oil spills and by-product from extraction, dredging and
canalization related to crude oil extraction, lead to loss of
aquatic organisms and contamination of drinking water [3,
4].

Extensive increase in level of oil spillage in water systems
causes increase in toxic metals such as Cd, Cr, Ni and Pb
which makes water unsuitable for drinking, irrigation and
aquatic life [5]. Soils soaked with crude oil immediately drop
in their fertility and pH which promotes environmental
degradation thus influencing the solubility and abundance of
micro-nutrients [6]. This eventually leads to imbalance of
carbon- nitrogen ratio in such oil-soaked soils.

As a result of increasing concern on these toxic heavy

metals, a number of technologies have been developed over
the years to remove them from wastewater. These include
reduction, electrochemical  precipitation, chemical
precipitation, chemical oxidation-reduction, ultra filtration,
ion-exchange, reverse osmosis, solvent extraction, electro-
dialysis, electrochemical coagulation and evaporation [7]. A
survey of the advantages and disadvantages of these
techniques shows that reduction-precipitation methods offer
economic advantage but the major drawback is huge
production of sludge [8]. Thus, the need for an alternative
safe and robust economical method for the removal of
potentially toxic elements from contaminated water is not
only necessity but a priority.

Adsorption technique offers hope due to its simplicity,
environmental friendliness, cost-effectiveness and above all,
availability of the agricultural wastes. This creates a need for
the conversion of agricultural products and wastes to useful
inexpensive ion exchange or adsorbent materials which could
remove potentially toxic metal ions from wastewater. The
idea of using various agricultural products and by-products
for the removal of heavy metal from solution has been
investigated [9, 10]. Thus, the use of low cost adsorbents
derived from agricultural and industrial solid wastes for
wastewater treatment has attracted a vast amount of attention
in recent years. These waste materials are underutilized
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although they are readily available. Consequently, the use of
these low cost adsorbents forms the main focus of this study.
The study is therefore designed to evaluate the adsorption
performance of low  cost  adsorbent soursop
(Annonamuricata) peel on the removal of Pb, Cd and Co ions
from oil spill water.

2. Materials and Methods

2.1. Sample Collection and Preparation

The soursop fruits were purchased from Bosso market in
Minna Metropolis, Niger State in Nigeria during the dry
season. The soursop fruits were mixed together; the edible
parts were removed and washed off from the epicarp (peel).
The peel was cleaned, washed with deionized water for
several times to remove dirt, then dried for second weeks and
ground to powder form with mortar and pestle. The ground
sample was then filtered with 50 um sieve mesh size to get
very fine particle size.

2.2. Digestion of Oil Spill Water for Analysis

10.0 cm® of the oil spill water was measured into a beaker
which was followed by 5.0 cm® of conc. HNO; and 2 cm”® of
HCI. It was heated to digest the sample to about half of the
initial oil spill water measured. 15.0 cm® of deionized water
was added to dilute the digested sample and then filtered.
The heavy metals present in the oil spill water sample were
analyzed using the atomic-absorption spectrophotometer
(Bulk SCIENTIFIC/ Model 210VGP).

2.3. Batch Adsorption Studies

Batch biosorption experiments were conducted for each
metal by contacting 0.5 g of adsorbent (ground soursop peel)
with 40.0cm’of wastewater containing the metal ions of
predetermined concentrations at 29°C and fixed pH values.
The suspensions were placed on a shaker and agitated at 150
rotations per minute (rpm). All studies were conducted for
the interval contact times to achieve equilibrium at initial pH
ranging from 1-8 using either 1.0 M HCI or 1 M NaOH to
adjust to the desired pH, dosage of the adsorbents (0.5-2.5 g)
and particle sizes of 50, 100, 150, 200 and 250 pm. At the
end, the suspensions were filtered and the residual
concentrations of the filtrates were analyzed using atomic
absorption spectrophotometer (Bulk SCIENTIFIC/ Model
210VGP). The percentage sorptions of metal ions onto
soursop peel were calculated using the following expression:

% removal = @ X 100 @)

1

Where, C; and Crare the initial and final concentrations of
the heavy metals present in wastewater before and after
adsorption, in (mg/L) respectively.

The mass balance equation was used to determine the
adsorption capacity q,from the equation:

_ €iCeV

Qe =——— 2

m

The amount of metal ions adsorbed by the adsorbent was
evaluated using equation:

— (Ci—Cpv (3)
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Where C; is initial concentration of metal ions in the
solution (mgdm™), C, is the equilibrium concentration or
initial concentration of metal ions in the solution (mgdm™), V
is the initial volume of metal ion solution used (dm®) and m
is the mass of adsorbent (g).

2.4. Sorption Kinetics

2.4.1. Pseudo First-Order Kinetic Model

The pseudo first-order kinetic model was applied to the
experimental data to describe the kinetics of metal ions
sorption. Using the equation given below:

In(q, — q¢) = Inq, — kyt 4)

Where g, and q,.are the amounts of solute sorbed per mass
of sorbent (mg/g) at any time and equilibrium, respectively,
andk, is the rate constant of first-order sorption (min™).
Hence the amount of solute sorbed per gramme of sorbent at
equilibrium (q,) and the first-order sorption rate constant
(k;) was evaluated from the slope and the intercept.

2.4.2. Pseudo Second-Order Kinetic Model

The pseudo second-order kinetic model was applied to the
experimental data to describe the kinetics of metal ions
sorption. The model is represented as:

t 1 t
- = + — 5
e ka2 qe ©)

Where k, is the second-order reaction rate equilibrium
. t . .
constant (g/mg min). A plot of q—agalnst t giving a linear
t

relationship was employed for the applicability of the
second-order kinetic.

2.4.3. Elovich Kinetic Equation
The Elovich kinetic equation given as:

q; = Ina + bint (6)

Where o (mg/g.min) is the initial biosorption rate and
B (g/mg) the desorption constant related to the extent of
surface coverage and activation energy for chemisorptions
was examined for this study. A lot of g, versus Intwhich gave
a linear plot was taken for the applicability Elovich kinetic in
this study.

3. Results and Discussion
3.1. Effects of Contact Time on Adsorption Process

The relationship between contact time and the percentage
removal of Pb, Cd and Co ions from wastewater with soursop
peel is shown in Figure 2. The effect of contact time was
studied at room temperature of 32°C, at an interval of 30
minutes. From the results obtained, it was observed that as
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the contact time increased, the amount of metal ion adsorbed
increased. Equilibrium was reached within 30 minutes for
both Cd (II) and Co (II) ions and 60 minutes for Pb (II) ions.
The maximum percentages of metal ions removal of the ions
were 78.43, 65.22 and 88.75% for Cd(Il), Co(II) and Pb(II)
ions respectively with the corresponding adsorptive
capacities of 0.032mg/g, 0.212mg/g and 0.057mg/g
respectively. This trend Pb (II) > Cd (II) > Co (II) ions was
observed , after which further increase in time did not bring
about any further increment for the metal ions but resulted in
the desorption of some of the metal ions from the adsorbent
surface. A similar trend was reported by Bernard et al. [11].
This observation could possibly be as a result of different in
ionic radii. The ionic radius of Pb is1.33A followed by that
of cadmium (0.95A) while that of cobalt is 0.75A Also,
sterric hinderance could be used to explain the adsorption of
these ions. The sterric hinderance resulting from the size of
the hydrated lead ions is the greatest followed by that of
Cd(II) ions while that of Co(II) is the least.
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Figure 1. The effect of contact time on the adsorption of Pb, Cd and Co ions
by soursop (Annonamuricata) peel.

3.2. Effects of pH

pH is one of the key factors to be considered in the process
of adsorption of metal ions from wastewater due to the fact
that it accounts for the protonation of metal binding sites. It
was found that removal of Pb (II), Cd (II) and Co (II) ions by
soursop peel was pH dependent as shown in Figure 2. At
lower pH values, the metal (Pb, Cd and Co) ions were poorly
adsorbed, this is probably as a result of the competition
between the metal ions and the hydrogen ion of the same
active sorption sites with obvious dominance of hydrogen
ions which resist the advance of metal cation as a result of
repulsive forces. As pH increased between 3 and 4, the
hydroxonium ions were getting deprotonated and more of
metal ion was removed. The maximum uptake was observed
when the pH increased to 4 for Co (II) ions which may be
attributed to binding. Reduction in Co (II) ions adsorbed can
therefore be related to the nature of ion pairs involving the
dominant anion in the system [12].

As the pH increases from 4 to 5, the functional group of
the absorbent was exposed. This increased the negative
density charge on the surface of the absorbent and therefore

increases the electrostatic attraction and the desirability of the
metallic ions with the positive charge by the adsorbent
leading to a higher chance of adsorption on the adsorbent
surface. This means that at higher hydrogen ion (H")
concentration, the surface inhibits the interaction between the
adsorbent and the metal ion, thus, as the pH increases, the
binding sites starts deprotonating thus making available site
for more uptake of the metal ions. This continues to pH 6 for
Pb (II) and Cd (II) ions. Similar results were obtained on
akee apple pod by Jimoh et al [10]. However, at pH higher
than 6, the adsorption of the metal ions decreased as a result
of decrease in the degree of protonation of the functional
groups of the adsorbent [13].
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Figure 2. The effect of pH on the adsorption of Pb, Cd and Co ions by
soursop (Annonamuricata) peel.
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Figure 3. The effect of dosage on the adsorption of Pb, Cd and Co ions
soursop (Annonamurica) peel.

3.3. Effects of Adsorbent Dosage on Adsorption Process

The adsorption of Pb, Cd and Co (II) ions onto soursop
peel was studied by changing the adsorbent dosage in the test
solution while keeping other parameters constant. Increase in
adsorbent dosage led to a corresponding increase in
percentage removal of the metal ions as shown in Figure 3.
This is due to an increase in surface area of the adsorbent
[14]. At high dose, Pb (II) ions were efficiently adsorbed
with the highest percentage removal of 88.76% at a dose of
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2.5g. This could be attributed to the availability of free
surface charges on the binding sites and increase in the
adsorbent surface area. However, at a dose of 1.5 gand 1.0 g
for Cd and Co ion respectively, adsorption decreased. This
might have been as a result of the very fast superficial
adsorption onto the adsorbent surface that produces a lower
solute concentration in the solution at low when adsorbent
dose. Thus with an increase in adsorbent dose, the amount of
Cd and Co metal ions adsorbed per unit mass of adsorbent is
reduced. This in turn causes a decrease in equilibrium uptake
value. The maximum uptake of these ions were found to be
88.76, 82.00 and 69.56 % for Pb(Il), Cd(1l) and Co(Il) ins
respectively.

3.4. Effect of Particle Size

The effect of variation of particle size on the adsorption is
shown in Figure 4. According to Krishna and Swamy [15]
the breaking up of larger particles to form smaller ones opens
some tiny sealed channels that will be available for
adsorption and therefore the rate of uptake by smaller
particles is higher than that by larger particles. It could be
inferred from Figure 4 that increase in particle size decreased
the percentage removal. At a fixed adsorbent dosage,
decrease in particle size increased the amount of metal
uptake. The increase in the uptake by smaller particles was
due to the greater accessibility to pores and to greater surface
area of the bulk adsorption by mass of the adsorbent.
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Figure 4. The effect of particle size on the adsorption of Pb, Cd and Co ions
by soursop (Annonamuricata) peel.

3.5. Kinetic Study

Several kinetic models are needed to establish the
mechanism of a biosorption process. In order to investigate
the kinetics of the biosorption of these metal ions on soursop
peel, three kinetic models were employed. These are the
pseudo-first order, pseudo-second order and the Elovich

. . ¢
equations. In the three metal ions under study, the plot of q—
t

against ¢ showed good fitness, efficiency and applicability of
experimental data with pseudo-second order kinetic model as
shown in below. The correlation coefficients were found to
be highest for the pseudo-second order kinetic model as
shown in Table 1. On comparison of the values of R? for the

experimental points, the pseudo-second order kinetic model
is the best kinetic model for the predict ion of the dynamic
biosorption of Pb, Cd, and Co metal ions onto soursop peel.
The correlation coefficients (R?) values for Pb, Cd, and Co
ions are 0.998, 0.984 and 0.974 respectively. The results
shows that the rate of biosorption of the metal ions is of the
order Pb> Cd > Co which may be due to the differences in
the hydrated ionic sizes of the ions in the solution [16]. The
higher ionic radius of lead (Pb) is definitely responsible for
its fastest rate of biosorption to the soursop peel. The
biosorption capacity of this biosorbent for these ions is in the
order Co >Pb> Cd. This implies that the amount of each
metal biosorbed depends on its valency.

Table 1. Kinetics rate model for the sorption of lead, cadmium and cobalt
ions by soursop peel.

Kinetic Parameter Pb Cd Co

Pseudo-first-order K, (min™") 0.023 0.035 0.035
q. (mg/g) 0081 0300  0.170
R? 0.191 0.458 0.356

Pseudo-second-order K, (g/mg/min) 20.27 5.762 11.070
q, (mg/g) 0.054  0.026  0.0085
R? 0.998 0.984 0.974

Elovich a 0.05 0.041 0.018
b 0.001 0.003 -0.001
R? 0.120 0.604 0.685

4. Conclusion

The present investigation shows that the soursop

(Annonamuricata) peel can be employed as a potentially low
cost sorbent for the removal of Pb, Cd, and Co ions from oil
spill water. The adsorption of Pb, Cd, and Co ions was found
to be greatly dependent on the effect of pH of the solution,
contact time, adsorbent dosage and particle size. The
maximum biosorption of the metal ions was between pH
values of 4 and 6. The kinetic experiments showed that
pseudo-second-order reaction model best described the
adsorption process. These results show that the adsorbent
appears to be technically feasible, user-friendly and eco-
friendly.
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