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1. INTRODUCTION

There are different compounds of arsenic present in
environment most of which are difficult to characterize
(Beijer and Jernelov, 1986). Arsenic is likely to be
present as As(l11) (arsenite) in anaerobic conditions. It is
reported that As>* is much more toxic than As®* and its
long term exposure can cause skin, lung, kidney and
bladder cancers (Li et al., 2012). Anthropogenic sources
of arsenic that add arsenic to raw materials,
manufacturers of pesticides, herbicides and other
agricultural products. It has been reported that millions
of peoples in no. of different countries are possibly
affected by arsenic-contaminated drinking water
(Acharyya et al., 1999). The drinking water guideline
recommended by the WHO for total arsenic is 10 pg L™
(WHO, 2011).

Due to its toxic effects, a method for safe removal of
arsenic form contaminated waters is required. Removal
of arsenic by sorption has been studied on hydrated
cement, marble powder and brick powder (Bibi et al.,
2015), akaganeite decorated graphene oxide composite
(Chen et al., 2015), bagasse fly ash-iron coated and
sponge iron char (Yadav et al., 2014), leonardite char
(Chammui et al., 2014), raw and acidified laterite
(Glocheux et al., 2013), blue pine (Pinus wallichiana)
and walnut (Juglans regia) (Sagib et al., 2013),
immobilized rice husk (Chaudhuri and Mohammed,
2013), iron coated rice husk (Pehlivan et al., 2013),
sorghum biomass (Haque et al., 2007) and red mud
(Altundogan et al., 2000).

Abstract: Banana peel, a green and economical material, has been explored for its capability to eliminate arsenite ions from ground
water as a function of pH, contact time, and initial metal ion concentration. Arsenite ions were entered into micropores of banana peel.
Experiments on different pH were conducted and found to have no effect on the sorption process. Adsorbed species were desorbed
using 5 x 10°L of 2 mol dm® NaOH. The kinetics of sorption was seen to follow the pseudo first order rate equation. The sorption
data pursued Freundlich and D-R isotherms. The energy value obtained using D-R isotherm indicated that the sorption was physical in
nature for arsenite species. Our study has shown that banana peel has the ability to remove arsenic species from ground water samples.

___________________________________________

In the current study, an effort has been made to
explain the utility of an efficient and economical banana
waste material for the removal of arsenite species from
ground water samples. The consequence of relevant
parameters has been investigated and we have
demonstrated its higher sorption capacity for arsenic
than the above materials reported.

2. MATERIALS AND METHODS
2.1 Materials
Sodium arsenite (Merck) was used to prepare a stock
standard solution. Buffer solutions of different pH range
were prepared and utilized for conducting experiments.
2.2 Methods
2.2. 1 Preparation of sorbent
Material preparation and its analysis were already
reported in the literature (Memon et al., 2008).
2.2.2 Equipment and instruments for
analysis
The equipments and instrument used for chemical
analysis was same as reported by the authors in the
literature (Memon et al., 2015).
2.2.3 Equilibrium metal sorption experiments
Using batch mode, the metal sorption performance of
banana peel was explored. 100 mg of sorbent was
equilibrated with 2 x 10 L of arsenite species (100 mg
L") sustained at optimum pH and 20 + 1 °C and
agitated at 40 rpm for 0-24 h. The mixtures were
filtered and retained metal ions were eluted by agitating
with 5 x 10° L of 2 mol dm® NaOH before being
examined after dilution using ICP-OES. The same was
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performed three times and the outcomes presented here

are the mean of these replicate. Precision is
approximately 1%.
3. RESULTS AND DISCUSSIONS

The analysis of utilized sorbent has already been
done using FT-IR and scanning electron microscopy
(SEM) coupled with the energy dispersive X-ray
analysis (EDX) (Memon et al., 2008). Furthermore,
focused ion beam (FIB) was used to analyze the
porosity (Memon et al., 2015) which helps to evaluate
the sorption behavior of the arsenite ions.

3.1 Influence of aqueous solution pH on the arsenite
sorption

The sorption experiments were carried out over a pH
range of 1-11, whilst maintaining all other parameters
constant. The sorption of As(lll) onto sorbent as a
function of pH is shown in Fig. 1. The sorption of
arsenite species was found to be independent of pH.
85% sorption was observed at all pH values, suggesting
no interaction of the arsenite species with surface
groups. The major species of arsenite ions in the pH
range 6-13 are: (i) mononuclear species, €. g. As(OH)3,
As(OH), and AsO,0OH?; and (ii) polynuclear species e.
g. As3(OH)y,, As,(OH)g® and, at pH 9-10, As,Os
(Baes Jr. and Mesmer, 1976). However, in this present
work, it was arsenite species entering into the banana
peel micropores (Fig. 1). Pauling has calculated and
reported the ionic radius of arsenite (AsO%) ion to be
0.74 x 10" pum (Pauling, 1960) which is v.v. much
smaller than the pore size of banana peel (2.67 um) as
calculated from (Fig. 1).
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Fig. 1: Sorption of As(l11) ions onto banana peel as a
function of pH.

3.3 Recovery of arsenic species
Elution of As(l1) ions from the sorbent surface was
investigated using 5 x 10 L of different concentrations
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of HNOj, H,SO,4, HCI and NaOH. Desorption was
found 100% with 5 x 10° L of 2 mol dm™ NaOH.
HNO3;, H,SO, and HCI do not formed soluble As(l1)
compounds. Therefore, 5 mL of 2 mol dm™ NaOH can
recover the As(I11) ions from the banana peel surface.

3.4 Kinetics of sorption

A kinetic study was conducted at optimized
conditions over times of 0 to 30 min. The adsorption
process was initially found to be fast, 80% at 0 min, but
became slower as time increased. Equilibrium was
found within 30 min and 85% sorption was recorded for
As(I11) ions. After 30 min., no considerable increase in
the sorption was recorded. Consequently, for other
analysis 30 min shaking time was decided. The
collected kinetic facts were used in different equations
namely, Morris—-Weber and Lagergren. The adsorbed
concentration q; (umol g %) at time t, was plotted

against \/f to test the Morris-Weber equation (Morris
and Weber, 1963) in the following form:

g =RVt

where, Ry is the rate constant of intra-particle transport.
Up to 20 min, Eq (1) held well, with a regression
coefficient of 0.991, but it deviated as the shaking time
increased. From the slope of the plot in the initial stage
(Fig. 2), the value of Ry, was found to be 1.62 + 0.07
pumol g min™. The Lagergren equation (Lagergren,
1898)

y =1.618x + 92.67
R2=0.991
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Fig. 2: Morris—Weber plot for the sorption of As(l11) ions onto
banana peel.

lo —q.)=Ilo -
9(q, —9,)=logq, 2303 @

was tested by plotting log(qe-q¢) versus time t (Fig. 3),
where (. is the adsorbed concentration of As(lIl) ions
on banana peel (mol g) at equilibrium. In the initial
stage up to 10 min,
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Fig. 3: Lagergren plot for the sorption of As(111) ions onto
banana peel.

3.5 Sorption isotherms

The sorption of As(l11) ions was also investigated as
a function of its concentration at room temperature in
the range 0.5-1000 mg L* using 0.1 g of adsorbent, 20
mL of adsorbate solution and 30 min. shaking time. The
metal ion uptake increased with increasing
concentration up to 100 mg L* but then a decreasing
trend was observed. These results reflect the
effectiveness of the adsorbent for the removal of As(l11)
ions from the aqueous solution. The effect of the
investigated metal ion concentration on banana peel was
analyzed in terms of the Freundlich (log C.4 = log A +
(1/n) log Ce), Langmuir ((Ce/Caas) = (1/Qb) + (C./Q)),
and Dubinin—Radushkevich (D-R) (In Cys = In X,
—Be?) and € = RT In (1 + (1/C.)) equations, where Cags
is the concentration of metal ions sorbed per unit mass
of sorbent, C. is the concentration of metal ions in the
liquid phase at equilibrium and A and n, Q and b, and
Xm and B are the Freundlich, Langmuir and D-R
constants, respectively. The sorption data followed the
Freundlich and D-R isotherms. Therefore, the
Freundlich and D-R isotherms were used to evaluate the
sorption capacity of banana peel for As(lll) ions. The
Freundlich and D-R constants were evaluated using the
slopes and intercepts of the linear plots studied at room
temperature; results are listed in Table 1. The numerical
values of the Freundlich constant 1/n > 1 for arsenite
species indicated high adsorptive capacity at high
equilibrium concentrations that rapidly diminishes at
lower equilibrium concentrations. The value of E
evaluated from the slope () of the D-R plot using

1
J—2 ¥
which is in the range expected for physical adsorption
(8-16 kJmol™) (Memon et al., 2009). Therefore, the
metal ions were sorbed onto banana peel principally by

equation (E= ) was (7.58 = 0.12 kJ mol™),
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physical adsorption. The calculated values of sorption
capacity were different and in the range of 5.41-5.7
mmol g *. This difference in sorption capacity can be
interpreted in terms of the assumptions taken into
consideration while deriving these sorption models.

3.6 Analytical application

The analytical applicability of banana peel was
tested for the removal of total arsenic from ground
water samples collected from different regions of Sindh,
Pakistan. After acid digestion, the samples were
analyzed using ICP-OES (Table 2, found values). A 20
mL aliquot of each sample was agitated with 1 g of
banana peel for 30 min. (Table 2, removal values). The
metal ions were then desorbed with 5 mL of 2 M NaOH
and analyzed by ICP-OES, 100% recovery was
achieved. The R.S.D. was always within 2%, clearly
showing the effectiveness of banana peel for the
removal and recovery of As(lll) ions from these ground
water samples.

Table 1: Freundlich and D-R constants of As(l11) ions onto
banana peel at room temperature.

Freundlich Dubinin—-Radushkevich
A Xom Bx 103 E
(mmol 1/n R? | (mmol (kJ? (kImol | R?
g9 ') mol?) )
57+ 1.01+ | O 541+ -(8.7+ 7.58 £ 0.
0.7 0.01 99 0.89 0.3) 0.12 99

Table 2: Determination, removal and recovery of arsenic species
from ground water samples.

Sample location F:gu]rldl) Removal (%)

Sonara Muhallah Hala (new) 29.1 100

Pir Pinealdho Coloni Hala (new) 36.6 99

Talib-ul-Mola Coloni Hala (new) 34.2 100

Quaid-e-Awam University of

Engineering Science and

Teghnologg (QUEST), 18.7 100

Nawabshah

Latifabad No. 4 Hyderabad 41.8 98

Matiari (city) 441 97

Khairpur (city) 32.8 99
4, CONCLUSION

Removal and recovery of As(lll) ions was
successfully attained using an effective and inexpensive
adsorbent — banana peel. Low materials cost, rapid
attainment of phase equilibrium and high sorption
capacity, along with the pH independency, were some
of the substantial features. The surface groups was
observed to have no role but the As(lll) ions were
entering into pores of banana peel. The kinetics of
sorption for As(lll) followed a pseudo first order rate
equation. Sorption of As(lIl) on banana peel followed
the Freundlich and D-R isotherms. The energy value
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obtained from the D-R isotherm showed that the
sorption was physical in nature. Banana peel can be
successfully used to remove and recover As(lll) ions
from ground water samples.
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