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    Abstract: The present work focuses the potentiality of 
agricultural waste, Tamarind bark for removal of arsenic from 
industry effluent. One parameter model was performed to 
evaluate time, dosage, concentration of arsenic ion and pH. The 
process conditions were determined as contact time 50 minutes, 
dosage 0.85gm, metal ion concentration 0.1g/l and pH was 4.The 
experimental values are analysed with adsorption isotherms to 
know the capacity of biosorbent. The data well explained 
Langmuir model compared to Freundlich model. The mechanism 
involved in biosorption was tested by using kinetic expressions of 
first and second order, but the given values are best suited to 
second order kinetics. The maximum removal of arsenic using 
low cost biosorbent of tamarind bark was found to be 68%. 

      Keywords: Arsenic metal, tamarind bark, biosorption, 
adsorption isotherm, kinetics 

 
I. INTRODUCTION 

The appearance of toxic metals in ground and surface water 
bodies causes serious problem to human and environment. 
So, there is a need of research on finding the new method 
for removal of these contaminants [1]. The metals like Fe, 
Zn, Cr, Cu and Arsenic are the most toxic non 
biodegradable metals accumulate in the water bodies. The 
toxic metals appear even at low concentrations in the 
drinking water leads to adverse affects on human beings [2]. 
 Arsenic is a dangerous heavy metal found in ground and 
various industrial activities like electroplating, metallurgical 
and petroleum refining. The ground water contaminated 
with arsenic have a great impact on environment [3]. The 
presence of arsenic in water causes to kidney problems, skin 
cancer, lungs and neurological problems to mankind [4]. 
The heavy metal arsenic and other metals are removed by 
many different methods such as dialysis, precipitation, 
filtration and extraction. These techniques are suffering with 
lot of problems like sludge formation, high cost, less 
removal rate etc. Because of these drawbacks the above 
methods are not suitable recovery of toxic metals. So, the 
alternative technology to this is biosorption [5]. ‘’ 
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This method is a new technology for reducing the metal 
ions. It minimizes the sludge formation, cost and residual 
metal ion precipitation. In biosorption process the 
biosorbent selected for removal of heavy metal was a low 
cost easily available agricultural waste dead biomass [6].. 
The objective of present work is to find the biosorption 
capacity of agricultural waste biosorbent tamarind bark for 
reducing arsenic metal using biosorption method. The 
various factors affecting the biosorption process were also 
evaluated 

II. MATERIALS AND METHOD 

A.Preparation of biosorbent and stock solution 

Tamarind tree bark was taken from kavoor of Karnataka 
state. This was cleaned and dried in at a temperature of 40o 
C for 5 hrs and crushed to make powder. The powder was 
sieved using sieve shaker and gets the uniform size of 
120µm. The stock solution was prepared by using sodium 
arsenate hydrate solution. The required concentrations were 
prepared with serial dilution [7].  

B. Experimental method 
The biosorption of arsenic using tamarind bark experiments 
were performed in one parameter method. The various 
process conditions of t time, dose, initial concentration of 
metal and pH are evaluated. The sample was taken at 
constant conditions of pH-5, dosage 0.85gm, concentration 
0.1g/l and temperature of 32oC into a conical flask for 
getting optimum contact time. Then biosorbent was added 
and agitated for a period of one minute[8].The agitated 
sample was filtered and analyzed with spectrophotometer to 
get the concentration after biosorption of arsenic. The 
arsenic removal was estimated by 
Percentage removal of arsenic=C i- Co / Ci*100 
Here, Ci and Co were concentrations of before and after 
sorption. 
 

III. RESULTS AND DISCUSSION 

A. Contact time 
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Figure. 1 Contact Time with percentage removal 
 

From Figure.1, the removal of arsenic was raised with raise 
in contact time from 10 min to 50 minutes. This was due to 
surface area available for sorption was more at initial stage. 
After this the active sites were got saturated and hence no 
change in percentage removal of arsenic was noticed. So, 
the maximum arsenic removal was occurred at 50 minutes 
[10,11]. 

B. Effect of Initial concentration 

 

Figure.2 Metal Ion Concentration With Percentage 
Removal 

The influence of arsenic concentration on biosorbent was 
estimated by taking concentration range of 0.1 to 1 g/l .From 
figure.2, it was clearly noticed that at 0.1 g/l concentration 
the percentage arsenic removal was more compared to the 
concentration at 1 g/l. This was as a result of more active 
sites at low concentration. As concentration increased the 
number of available active sites were less, hence removal of 
arsenic was low [11]. So, the maximum arsenic removal was 
identified at 0.1g/l. 

 C.Effect of Dosage 

 

Figure.3 Change of biosorbent dose 

The percentage removal was influenced with biosorbent 
dose and was one of the important parameter in evaluation. 
From figure.3, as biosorbent dosage increased from 0.2gm 
to 0.8gm, the arsenic removal was raised from 46% to 62%, 
because of more number of binding sites available for 
sorption. If biosorbent dosage increased the beyond 0.8gm, 
there was no change in percentage removal of arsenic due to 
less number of sorbate ions compared to active surface area 
available for sorption[12]. So, the optimum dosage was 
0.8gm. 

D. Effect of pH  

 
Figure.4 Removal of arsenic with Initial PH 

The solution pH considered as an important parameter due 
to great influence of percentage removal of arsenic with ph. 
The figure.4 presented that as pH increase from1to 2, there 
was less percentage removal of arsenic metal, because of 
adsorbate faced the H+ ions on biomass. As pH increases 
beyond 2, there was great increase in removal of arsenic 
because of deprotonation of the active sites on biosorbent 
surface [13]. When pH was increased more than 4, there was 
decrease in percentage removal of arsenic metal due to 
precipitation. 
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E. Adsorption isotherms 
The adsorption isotherms explain the mechanisms involved 
in biosorption process between biosorbent and sorbate.Here 
two models were tested to find the mechanism; those are 
1.Freundlich isotherm 2.Langmuir isotherm. 

F.Freundlich isotherm 

 

Figure.5 Freundlich model 

This model assumes heterogeneous surface of the biosorbent 
and equation was represented by 

              log Qe = logkf + 1/n log Ce 

Here Qe – equilibrium biosorption capacity, Ce – 
concentration at equilibrium, kf and n constants. From 
figure.5, the data were not well correlated to Freundlich 
model [14]. 

G.Langmuir isotherm 

 

Figure.6 Langmuir isotherm 
 

The Langmuir model was as follows 
Ce / qe =1 / qo b + Ce 1/qo  
Here,Ce concentration at equilibrium, qe biosorption 
capacity, Qo and b constants.  A plot of Ce /q e Vs Ce gives 
slope of 1/Qo. The Langmuir constants b and Q o were 
estimated. From figure.6, the given values were best 
correlated to Langmuir model than Freundlich model[15]. 

H. kinetic mechanisms 
The sorption rate of adsorbate onto the adsorbent was 
described by kinetics. It was also determine the controlling 
mechanism involved in biosorption process. Here two 

mechanisms were tested to analyse the data1.First order 
2.Second order mechanisms[16-17]. 
The 1st order rate expression  
log(qe-qt) = log qe -kp t 
Here, q e adsorption rate at equilibrium, qt adsorption rate at 
any time and k p was the rate constant. From figure.7, it was 
observed that R2 value is not very close to 1. So, the given 
data were not best suited to first order kinetics[17-18]. 
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           Figure.7 First order kinetics 

The second order equation was presented as 
t/qt = 1/ ks qe2 + 1/qe 
Here qt- rate of adsorption at any time, qe-rate of adsorption 
at equilibrium and ks was second order rate constant. From 
figure.8, it was noticed that R2 value is very close to 1.So, 
the given data were best followed the second order 
compared to first order kinetic mechanism [19-21]. 
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Figure.8 Second order kinetics 

IV. CONCLUSION AND FUTURE SCOPE 

The results showed that the tamarind bark biosorbent was 
favourable for biosorption of arsenic. The process 
conditions, which were influencing the biosorption, were 
found to be contact time 50minutes, dosage 0.85gm, metal 
ion concentration 0.1g/l and pH 4.The experimental values 
were analysed with Freundlich and Langmuir models and 
are well suited to Langmuir model. The biosorption 
mechanism was tested with 
two kinetic mechanisms.  



 
Removal of Arsenic Using Low Cost Biosorbent Tamarind Bark  

1502 Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: D7634118419/2019©BEIESP 
DOI:10.35940/ijrte.D7634.118419 
Journal Website: www.ijrte.org 
 

 

 

 

The experimental values were well followed to second order 
kinetics. The maximum percentage removal of arsenic using 
tamarind bark was found to be 68%. In this work evaluation 
of thermodynamic parameters are not done and also 
optimization of process parameters. In future there is a 
scope for optimization and also for multiple metal 
recoveries.  
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