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ABSTRACT 
In India, arsenic contamination of groundwater used for drinking is well documented. WHO 
provisional guideline value as well as Bureau of Indian Standard for arsenic in drinking 
water is 10 µg l-1. This study pertains to the development novel composite (CFCNT) 
consisting of chitosan, Fe(0) and CNTs and evaluating its ability towards arsenate removal. 
Arsenate adsorption was found to be quantitative over the wide range of pH from 3 -8. 
Using a dose rate 0.5 g within 3 h arsenate concentration was reduced from 500 ppb to < 1.0 
ppb was achieved. The equilibrium data obtained was modeled by Langmuir isotherm 
models. Langmuir adsorption capacity of 13.5 mg/g was obtained at pH 7 and the reaction 
followed pseudo second order kinetics. Thus, CFCNT is effective adsorbent for arsenate 
removal over the wide range of pH and could be used for arsenic remediation in arsenic 
contaminated ground water streams.  
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INTRODUCTION 
The presence of dissolved arsenic in 
groundwater has created significant concern on 
a global basis. In India, arsenic contamination 
of groundwater used for drinking purposes is 
well documented.1 To protect public health, the 
US Environmental Protection Agency, the 
World Health Organization2 and the European 
Commission has recommended the maximum 
contaminant level of arsenic in drinking water 
to be 10 µg/L. In India, the permissible limit of 
arsenic concentration in potable water is 
recommended at 10 μg/L.3 Thus, there is a 
growing interest in using low-cost methods and 
materials to remove arsenic from potable water 
before it may cause significant contamination. 
The removal of arsenic by various methods has 
been adequately reviewed.4 Although co- 
precipitation, flotation, ion-exchange, 
ultrafiltration and reverse osmosis have been 
used for arsenic removal, the adsorption from 
solution has received more attention due to its 
high concentration efficiency. It is well known 
that   there    exists    a    high   affinity  between  

inorganic arsenic species and iron. This 
behavior was put to advantage to develop 
Fe(III)- bearing materials like goethite and 
hematite5,ferrihydrite6and Fe(III)-loaded resins7, 
iron-oxide-coated sand.8 In recent years, 
zerovalent iron (ZVI) has been found useful in 
the removal of arsenic species.9-14 The main 
challenge is the preservation of zerovalent state 
of iron and immobilizing the zerovalent iron in 
a particular matrix. Recently, Gupta et al. 15 
demonstrated the use ZVI immobilized chitosan 
towards the removal of both forms of arsenic at 
neutral pH. The main disadvantage is the 
stability of chitosan in acidic conditions. This 
problem could be conveniently overcome by the 
addition of carbon nano tubes (CNTs). CNTs 
have received considerable attention in 
environmental sector owing to its high surface 
area. Uses of CNTs in water purification have 
been reviewed. 16-22  

AIMS AND OBJECTIVES 
In the present study, a novel composite 
consisting of Chitosan/Fe(O)/CNT have been 
prepared and its application towards arsenate 
removal is studied.  *Author for correspondence 
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MATERIAL AND METHODS 
Reagents 
Chitosan flakes (85% deacetylation) was 
acquired from India Sea food, Cochin, India and 
used in the present study without any further 
purification. Other reagents including 
Sodiumborohydride was acquired from Sigma–
Aldrich and used without further purification. 
Sodium arsenate (Na2HAsO4.7H2O, Merck) was 
used for preparing the stock solutions of arsenate. 
All the reagents were prepared with Millipore de-
ionized water. Multi-walled carbon nanotubes 
(MWCNTs) of 10–20 nm diameters were 
purchased from Nanoshell USA. 
Preparation of Chitosan / Fe(O) / CNTs com-
posite (CFCNT) 
Initially a 0.5% solution of chitosan was prepared 
by dissolving chitosan in acetic acid. 30 ml of 
this solution was added to a 100 ml of 3% 
ferrous sulphate solution containing 0.1 g of 
CNTs. This solution was stirred in a magnetic 
stirrer overnight. Then, to this mixture freshly 
prepared aqueous solution containing 2% 
NaBH4 was added drop-wise and stirred for 
another 90 min. The resulted black precipitate 
was collected and washed by deoxygenated 
water for three times to get rid of the excess 
chemicals. The whole process was carried out in 
a nitrogen atmosphere. 
Batch adsorption experiments 
Batch equilibrium adsorption isotherm studies 
were conducted with aqueous solutions of As(V) 
varying the concentration from 1 to 20 mg L-1 
Erlenmeyer flasks. Amount of adsorbent used 
was 0.1 g and the solution volume was 
maintained at 20 mL. The pH of the solution was  

adjusted to 7 by adding 1.0 M sodium hydroxide 
or 1.0 M hydrochloric acid solutions. The batch 
experiments were carried out at constant 
temperature in a shaking water thermostat 
maintained at 35ºC. The equilibration (shaking) 
time was 3 h at an agitation speed of 110 rpm. 
After the isothermal equilibration, the biosorbent 
was separated by filtration with Whatman 41 
filter paper. The filtrate was analyzed for arsenic. 
The amount of the arsenic adsorbed (mg) per unit 
mass of chitosan (g), qe, was obtained by mass 
balance using the equation (1)        

qe = Ci –Ce .V              (1) m 
Where Ci and Ce are initial and equilibrium 
concentrations of the metal ion (mg L-1), m is dry 
mass of CFCNT (g) and V is the volume of the 
solution (L). 
Analytical measurements 
Arsenate concentration was determined by 
Inductive Coupled Plasma mass spectroscopy 
ICP-MS (Thermo, X-Series2). The lower limit of 
detection was found to be 10 ng L-1 for ICP-MS. 
Calibration was carried out daily with freshly 
prepared arsenic standards, before the sample 
analysis. 

RESULTS AND DISCUSSION 
Effect of pH 
Effect of pH on the removal of arsenate was 
examined using CFCNT at the concentration 
level 0.5 mg L-1. Arsenate sorption was 
investigated by adjusting the pH value of the 
solution from 2 to 10 (by adding 1.0 M HCl or 
1.0 M NaOH). It is evident from Fig. 1 that the 
adsorbent was found to be efficient over the wide 
range of pH.  

 
Fig. 1 : Effect of initial pH 
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Under the prevalent experimental conditions, 
ZVI present in the adsorbent reduced As(V) to 
As(III) which subsequently gets complexed with 
oxidized iron and chitosan. 
Effect of dose rate 
Initial dose rate of the sorbent was varied 
from 0.01 to 0.06g and the pH was 

maintained at 7.0 and initial concentration of 
the arsenate was maintained at 0. 5 mg/L and 
the equilibration was carried for 4 h. The 
results obtained are shown in Table 1. It was 
found that 0.02 g was sufficient to reduce the 
concentration of arsenate solution from 0.5 
mg/l to < 1 ppb.  

Table 1 : Effect of sorbent dose 

CFCNT (gm) Conc. Remain (ppb) 
0.01 3.665 
0.02 0.776 
0.03 0.313 
0.04 0.296 
0.05 0.248 
0.06 0.126 

Adsorption kinetics 
The kinetics of As (V) adsorption was studied 
by varying the contact time from 0 to 8 h using 
0.01 g of CFCNT at an initial As(V) 
concentration of 500 μg L-1. It is evident from 
the Fig. 2 that the equilibrium is reached in 3 
hours time.  Obtained   data  was modeled by a  

pseudo first order model (Fig. 3) given by the 
following equation 
t/qt = 1/(k’qe

2) + t/qe                                    (2) 
Where k’ the pseudo second-order rate 
constant of adsorption (g/mg/h) qe and qt are 
the amounts of metal ion sorbed (mg/g) at 
equilibrium and at time t, respectively. 

 
Fig. 2 : Kinetics of CFCNT and arsenate system 

 
Fig. 3 : Pseudo second order model of CFCNT-Arsenate system 
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From the plot of t/qt Vs t, the pseudo second 
order rate constant was found to be 28.51g/mg/h. 
Equilibrium isotherm 
The Langmuir isotherm model was applied to 
fit the adsorption equilibrium data of As (V) 
on CFCNT. Linearized form of Langmuir 
isotherm is represented by 

QQbCq ee

111
                                         (3) 

Where, Ce and qe are equilibrium concentration 
and the amount adsorbed at equilibrium 
expressed in mg L-1, Q (mg g−1) represents the 
maximum adsorption capacity and b (mL mg−1)  
is the Langmuir constant, which represents the 
affinity between the solute and the adsorbent. 

Equilibrium adsorption isotherm studies were 
conducted with aqueous solutions of As (III) 
and As (V) varying the concentration from 0.5 
to 5.0 mg L-1. The solutions were adjusted to 
an initial pH 7 and the dose rate of 2.5g L-1 
was maintained and equilibration was 
performed for a time period for four hours. The 
plots of Ce Vs qe and linearized Langmuir 
adsorption plots are shown in Fig. 4 and Fig. 5 
respectively. The values obtained for the 
various parameters of Langmuir are shown in 
Table 2.It is observed that maximum adsorption 
capacity of CFCNT is 13.51 mg/g towards 
arsenate removal. This value is much higher than 
iron oxide coated (0.189 mg/g) and zirconia 
coated MWCNT (5.0 mg/g)  

 
Fig. 4 : Equilibrium adsorption isotherm plot 

 
Fig. 5 : Linearized adsorption isotherm 

Table 2 : Langmuir iostherm constants 
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CONCLUSION 
A novel composite consisting of Chitosan, 
CNT and zerovalent iron were prepared and 
evaluated for its removal capacity towards 
arsenate. It was found that the sorbent prepared 
exhibited a capacity of 13.51 mg/g and the 
adsorption remained constant over a wide 
range of pH. These properties make it an 
attractive filter unit towards arsenate 
remediation.  
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