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Abstract

Arsenic is a highly toxic metal and its moblity in surface water and ground water are
of great worry. USEPA has reduced the Maximum Admissible Concentration (MAC)
to 10 0 g L™ in 2002 due to severe toxic affect on human health. Current remediation
technologies are expensive. Thus, use of any treatment technique will put amplified
pressure on economy of rural communities. Therefore, in present study banana peel
has been evaluated as a cheaper adsorbent. Effect of pH, shaking speed, shaking
time, temperature and concentration has been optimized. Removal of arsenic
species was found to be independent of pH. Removal process was rapid initially (70-
90%) but became slower with passage of time and equilibrium was stablished within
30 min with 95% arsenic removal. Applicabililty of banana peel was tested for the
removal of total arsenic from ground water samples obtanied form different regions of
Sindh, Pakkistan. Arsenic removal of drinking water samples was found to be 98-
100%.

1. Introduction

Pakistan is an arid country with the water availability of 1,000 cubic meters per
annum. Main source of dinking water in Pakistan is groundwater. Unfortunately most
of the water sources are contaminated and arsenic is one of the most serious
contaminant. Both shallow and deep sources have arsenic contamination.

In Punjab over 20% of the population are exposed to arsenic contamination of
over 10 0 g L™ in drinking water while nearly 3% of the population are exposed to
over 50 0 g L™. In Sindh, the situation is even worse with 36% and 16% of population
exposed to arsenic contaminated water over 10 0 g L™ and 50 0 g L™ respectively [1].

Arsenic occurrence in the environment, its toxicity, health hazards, and the
techniques used for speciation analysis has been reviewed by many authors [2-6].
Long term drinking water exposure of arsenic causes skin, kidney and lung cancer,

skin thickening (hyperkeratosis) neurological disorders, muscular weakness, loss of
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appetite, and nausea [7-9]. A large number of removal methods based on
coagulation, ion-exchange, reverse osmosis and flocculation have been developed
for Arsenic removal [10-11] however, and these methods are associated with several
disadvantages [12-13]. Sorption using plant waste material is impending alternative
to chemical methods for the removal of metal ions from water systems [14-15].
Number of the low cost materials reported in literature [16-17] is not easily available
in arsenic contaminated areas of Pakistan so that their use would add the additional
cost in removal process. This study presents possible use of banana peel, a

commonly avalible waste material for economical removal of arsenic.

2. Results and Discussions

2.1 Adsorption as a function of pH

Percent adsorption as a function of pH on the adsorption of both trivalent and
pentavalent arsenic is presented in Figure 1. Adsorption of both species is
independent of pH which makes banana peel a practical adsorbent for arsenic

removal.
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Figure 1: Adsorption of Arsenic species on banana peel as a function of pH

2.2 Contact time optimization and kinetic modeling
Uptake was also optimized with respect to time in order to know the kinetc of the
adsorption process, time dependent results of adsorption are given in Fig 2. Figure
shows that the uptake rate was initially rapid, with 70% and 90% with in few minutes
but became slower as the time passed on and equilibrium established within 30 min
and 75% and 95% sorption was recorded for As(lll) and As(V) respectively. There
was no significant increase in the percent sorption after 30 min. Therefore, 30 min
agitation time was selected for further experiments.

Kinetics of adsorption is an important characteristic in defining the efficiency of
adsorption. Various kinetic models have been proposed by different researchers,

where the adsorption has been investigated as first order [18-19], Pseudo-first-order
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[20-21] and Pseudo-second-order [22]. The Lagergren’s rate equation [23] is used
most widely [18-19, 24] for the sorption of a solute from a liquid solution. The linear

form equation is given by

k

lo —qg)=logg ——t
g(d. —a,) 99 ~ 5303

where . and q; are the amount of arsenic adsorbed at equilibrium and at time t,
respectively, and k is the Pseudo-first-order rate constant. The values of log(ge-Q:)
were plotted against time t. The plots were linear with correlation coefficients (R? =
0.999) which indicates that Lagrgren’s model is fitting to the arsenic adsorption on
banana peel and that the process is pseudo-first-order.

Slope of the plot gave the value of rate constant k = 0.106 + 0.005 min™ and
0.214 + 0.008 min™ for both As(lll) and As(V) ions.

2.3 Concentration effect at constant temperature

Adsorption effectiveness of banana peel for arsenic adsorption was determined by
plotting different adsorption isotherms. The equilibrium adsorption experiments were
performed out at 25+°C in the range of 0.5-1000 mg L™ using 100 mg adsorbent.
Adsorption data was examined by Langmuir, and D-R isotherm using following

equations

C C
. .1 G and
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where C,ys is arsenic adsorbed on one gram of banana peel, C. is arsenic in
agueous phase, Q, b are Langmuir constants and X,,, and § are D-R isotherm
constants. Q, b, X,,, and g were calculated from linear plots of Langmuir and D-R
equations. All the results are shown in Table 1.

The sorption capacity values are different for both adsorption isotherms. This
difference may be understood by considering the theoretical assumptions of these
adsorption models. The numerical values of sorption energy (E) calculated from D-R
isotherm (7.58 + 0.12 and 7.94 + 0.06 kJ mol™) for As(lll) and As(V) are below 9 kJ
mol™ expected for physic-sorption [25-26]. Hence, it is very likely that the type of

adsorption is physical in nature in both cases.
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Table 1: Sorption parameters of As(lll) and As(V) ions onto banana peel.

Isotherm parameter As(lII) As(V)

Q (mmol g™) 74 +11 107 +4
Langmuir b (L mol™) 754+11.3 |293.2+11
isotherm Regression coefficient (R?) 0.96 0.99

R. (dimensionless factor) 0.99-0.6 0.99-0.28

Xm (mmol g™) 54.1+8.9 168 + 16
D-R isotherm E (kJ mol™) 7.58+0.12 | 7.94+0.06

Regression coefficient (R?) 0.99 0.99

2.4 Applications

Applicability of banana peel was tested by removing arsenic from contaminated water
of different areas of Sindh. 100 mL of water samples were filtered and mixed with the
banana peel, samples were shaken for 30 minutes. Arsenic contents of solution were

determined before and after adsorption. Percentage removal was determined from

difference. Table 2 shows the removal results.

Table 2: Determination of total arsenic from ground water samples

Sample location % Removal
Sonara Muhallah Hala (new) 100
Pir Pinealdho Coloni Hala (new) 99
Talib-ul-Mola Coloni Hala (new) 100
Nawabshah 100
Latifabad No. 4 Hyderabad 98
Tap water, Sindh University, Jamshoro 100
Matiari (city) 97
Khairpur (city) 99

3. Conclusions

The present study has explored the potential of banana peel for the removal of total
arsenic from ground water samples. The energy value obtained from D-R isotherms
indicated that the sorption was physical in nature for both arsenic species. Study

shows that banana peels has potential to remove the total arsenic from ground water

samples.
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