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ABSTRACT 
Arsenic removal from water in form of As (III) was investigated using activated charcoal 
obtained from potential biodiesel plant Jatropha carcus. The surface of activated charcoal was 
modified with Ca2+ ions using CaCl2. The sorption efficiency was examined through batch 
system and maximum removal efficiency of 88.09% was observed. The effect of various 
sorption parameters such as adsorbent dose, contact time, agitation rate and pH were extensively 
experimented and found to be 10 g/L, 4 hours, 400 osc/min and 10 respectively. These 
conditions were optimised and percent sorption of adsorbent was studied for different initial As 
(III) concentrations. Langmuir and Freundlich adsorption isotherms were used to explain the 
phenomena of adsorption.  Related parameters from these isotherms were calculated which 
established that calcium impregnated activated charcoal obtained from Jatropha seed residue 
stands neck to neck with other efficient activated charcoals already available and can be 
potentially used as a cost effective, environmentally safe suitable adsorbent for the removal of 
As (III) from water.  

Key Words : Activated carbon, Arsenic, Removal efficiency, Adsorption isotherms, 
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INTRODUCTION 

Among the trace elements, besides its low 
natural abundance1, arsenic is commonly 
known toxic element which causes adverse 
effects on human health. Arsenic2 
contamination in groundwater is a global issue3 
and is a serious concern, as its detrimental 
effects has been reported in many countries 
including Bangladesh, Vietnam, Argentina, 
China, USA, Nepal, Myanmar, Mongolia, 
Mexico, Chile and even in India. Considering 
the lethal impacts of Arsenic on human health 
USEPA has recommended a Maximum 
Contaminant (MCL) of arsenic as 10 µg/L4 
whereas WHO has set a provisional guideline 
of 10 µg/L.5 In order to safeguard the public 
health and reduction of exposure risk, supply 
and consumption of healthy and arsenic free 
drinking water is necessary. 
Several efficient physical and natural processes 
investigated  by different workers are available  

for the removal of arsenic from drinking-water. 
Some of the method includes coagulation, 
membrane filtration, ion exchange methods, 
lime softening, electrodialysis, microbial 
removal, phytoremediation,  adsorption on 
activated charcoal, activated alumina and other 
oxyhydroxides, adsorption by metal oxides, 
zero valent iron and photocatalyst adsorbent 
system. In the present study, activated carbon 
for the removal of arsenic from water has been 
studied as this method is cost effective, highly 
efficient, environmentally safe, ease of 
production and greater yield of activated 
carbon. Due to same reasons this method, 
though of little affinity for ionic contaminants 
is widely preferred for water treatment 
options.6,7 
Adsorption is a physical phenomenon and 
depends mainly upon the surface area and pore 
size of the adsorbent. Activated carbon is a 
highly porous material possessing large surface 
area its large number of fine pores (micropores 
and / or  mesopores)    is   responsible   for   its  *Author for correspondence 
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remarkable adsorption properties. Surface 
unmodified activated charcoals obtained from 
various sources used for removal of arsenic 
generally have low efficiency as the carbon 
surface is predominantly negatively charged at 
neutral pH and is thus not suitable for 
adsorption of these arsenic species.8 
Therefore surface modifications of these 
adsorbents are recommended for enhancing the 
removal efficiency of arsenic species. Different 
types of surface modified charcoal (adsorbents) 
has been investigated for the removal of arsenic 
from contaminated water, such as pre treatment 
of activated carbon with nickel9, copper loaded 
granulated activated carbon10 surfactant modified 
powdered activated charcoal11 but among all iron 
impregnated activated carbons are the preferred 
group of substances for arsenic adsorption as As 
has high affinity for iron compounds.12,13 

AIMS AND OBJECTIVES 
The present study, deals with the preparation of 
activated charcoal from Jatropha curcas (Physic 
nut) seed residue, obtained after oil extraction 
(biodiesel), which is generally considered as a 
waste material and its possible application in 
removing Arsenic (III) ions from water. During 
the study different factors such as effect of 
adsorbent dose, pH, contact time, initial arsenic 
concentration were examined. The adsorption 
isotherm and adsorption capacity of Jatropha 
Seed Residue (JSR) were also studied and its 
advantages for the removal of arsenic over other 
contaminants were also discussed. 

MATERIAL AND METHODS 
All the chemicals used for the present study 
were of reagent grade (Fischer Scientific, 
India) and Milli-Q water (Millipore corp. with 
electrical resistivity less than 18 MΩ cm) was 
used for preparation of solution and dilution 
purpose throughout the experiment. 
Preparation of Ca impregnated activated 
charcoal from Jatropha Seed Residue        
(Ca-JSR) / Adsorbent 
Jatropha curcas `commonly known as Physic 
nut is a potential biodiesel plant. Upgrading 
the oil obtained from Jatropha seeds through 
trans-esterification makes it a suitable 
replacement  of  conventional diesel. However,  

after oil extraction the seeds are considered as 
waste material and are generally disposed off. 
These waste Jatropha Seed Residue (JSR) can 
be collected and converted into value added 
product such as activated charcoal which can 
be further used for various other purposes thus, 
making Jatropha plant more valuable. The JSR 
used in this experiment were collected from 
Biotech Park, Lucknow, India after oil 
extraction. 
These JSR were washed several times with 
distilled water to remove any traces of chem.-
icals (that may be present with the seeds after 
oil extraction), dried in electric oven at 1100C 
for 6 hours, crushed, grinded in electric grinder 
and finally sieved using muslin cloth to obtain 
fine particles of approximate size of   1-2 mm. 
JSR powder were then placed in Muffel 
Furnace (APEX 2003) at 4500C for 5 hours to 
obtain a black coloured coarse powdery 
material called as charcoal. The charcoal 
obtained is then pulverised using ASTM 
standard sieves (HS32.40, Heico standard 
sieves) in range 85 to 100 mesh (180-150 µm).14 
For the activation of charcoal 25% (w/v) 
aqueous solution CaCl2 was prepared. 240 ml 
aqueous solution of CaCl2 was mixed 
thoroughly with 100g of charcoal powder. The 
mixture is kept for 24 hours for activation. The 
slurry thus obtained was rinsed thoroughly 
with deionised water several times to wash off 
excess Ca2+ and Cl- ions completely (the 
washed water do not give any colour with 
silver nitrate and ammonium oxalate, indicated 
that solution was free from Ca2+ and Cl- ions). 
The washed slurry was then dried and finally 
collected to obtain calcium impregnated 
activated charcoal from Jatropha Seed Residue 
(Ca-ACJ-required adsorbent). 
Preparation of standards reagents and 
apparatus 
As (III) stock solution (1000 ppm) was 
prepared by dissolving 0.1734 gm of NaAsO2 
in deionised water and diluted to 1000 ml.15  
10 ml of stock solution was diluted with   
water up to 100 ml to obtain intermediate 
solution. 10 ml intermediate solution was 
further diluted to 100 ml to prepare different 
solutions in ppb levels.  



J. Environ. Res. Develop. 
Journal of Environmental Research And Development        Vol. 8 No. 2, October-December 2013 

198 
 

Quantitative estimation of arsenic was conducted 
by Silver diethyldithiocarbamate method 
(SDDC). Standard calibration curve (R2 = 0.971) 
were prepared from As (III) absorbance on UV-
Vis Spectrophotometer (LT-2800, Labtronics) 
for various As (III) concentrations ranging from 
50 ppb to 250 ppb at 535 nm.15 
Batch experiments  
Batch mode experiments were carried out on 
flesh shaker (YARCO, 2003) by placing 100ml 
solutions in 250 ml conical flasks in triplicate for 
each As (III) solution for the determination of 
optimum experimental conditions. The 
temperature of 28 ± 50C was maintained 
throughout. Effect of agitation rate, contact time, 
adsorbent dose and pH were optimized for each 
arsenic concentration of 80 ppb, 120 ppb and 160 
ppb to study the removal efficiency of Ca-ACJ. 
Since the adsorption of As (III) on Ca-ACJ is 
highly pH dependent process, the pH was 
maintained by adjusting suitable concentrations 
of 0.1M NaOH and 0.1M HNO3 and was 
measured by pH meter (EUTECH, pH-510). 
Finally, the removal efficiency of Ca-ACJ was 
determined under optimized conditions for 
different initial As (III) concentrations of 80 ppb, 
120 ppb, 160 ppb, 200 ppb and 250 ppb. The % 
removal efficiency was calculated as :   

Removal ef iciency (퐸) =  × 100 (1) 

The amount of As adsorbed on the adsorbent i.e., 
adsorption amount (qe mg/g) was calculated 
using relationship :  

푞푒 =  × 푉                                (2) 

where, Co and Ce  are concentration of As (III) in 
initial solution and supernatant after adsorption 
respectively, V is the volume of solution (in L) 
and Wm is the mass of the adsorbent (in g).16 
Adsorption isotherms 
Both Freundlich and Langmuir adsorption 
isotherms were used to describe the equilibrium 
between adsorbate and the adsorbent in the 
present study which can be expressed 
respectively as : 
푙표푔푞푒 = 푙표푔 퐾푓 + log퐶푒           (3) 

=
.

+                              (4) 

where, qe, is mass of adsorbate adsorbed over 
adsorbent (mg/g); Kf, is Freundlich capacity 
factor (units determined by qe); Ce, is 
equilibrium concentration of adsorbate in liquid 
phase after adsorption (mg/L); n, is Freundlich 
intensity parameter; qmax, is maximum amount 
of adsorbate that can be adsorbed (mg/kg); b, is 
Langmuir isotherm constant.     
Further, from empirical constant b, separation 
factor R (dimensionless) also called as R factor 
or equilibrium parameter was also determined 
using the equation: 

푅 =
( )

                                            (5) 

The value of R gives insight into the suitability 
of adsorbent for the adsorption i.e., affinity 
between adsorbate and adsorbent.12 If, R < 1.0 
it represents favourable adsorption; R > 1.0 it 
represents unfavourable adsorption and R = 0 
irreversible adsorption.12,16 

RESULTS AND DISCUSSION 
All the experiments are repeated three times and 
the average values of the results have been 
presented with minimum expected error of ± 5%. 
Characteristics of Ca-ACJ 
The Scanning Electron Microscope (SEM) 
image of calcium impregnated activated charcoal 
from Jatropha Seed Residue (Ca-ACJ) at 
magnification 500X and 1500X were obtained 
(thanks to Birbal Sahani Institute of Paleobotany, 
BSIP, SEM- LEO 430) are shown in Fig. 1(a) 
and Fig. 1(b). The particle size of Ca-ACJ has 
been calculated and the average size ranges from 
128.23- 63.02 µm in length and 101.5-14.95 µm 
in width. The high magnification image (1500X) 
reveals that Ca-ACJ is highly porous structure 
and full of cavities and resembles honey comb 
like structure. The highly porous morphology of 
Ca-ACJ is highly suitable for the adsorption of 
As(III) ions. Further, analysis of pores/cavities 
on the surface shows that pore sizes are found to 
be in the range of 1.6nm to 13.39nm. These 
mesopores are the adsorption site for the 
adsorption of arsenic from water. Formation of 
impregnated metal complex on the surface of Ca-
ACJ is evident from SEM image (Fig. 1(b)).This 
modifies the surface charge density of the 
charcoal for the effective removal of arsenic 
species.   
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Fig. 1(a) : Scanning electron micrograph of  

             Ca-ACJ at magnification 500X 
Fig. 1(b) : Scanning electron micrograph of Ca- 
                 ACJ at 1500X showing highly porous  
                  structure 

Effect of adsorbent dose 
The percentage removal of As(III) as the 
function of adsorbent dose at 28±50C at agitation 
rate 400 osc/min for 4 hours at pH 10 for three 
different concentrations of As(III) 80 ppb, 
120ppb and 160ppb is shown in Fig. 2. It is 
evident that initially adsorption increases with 
increase in adsorbent dose, this is because as the 
adsorbent dose increases the number of 
sites/cavities available for adsorption increases. 
The removal efficiency at any adsorbent dose for 
As (III) concentration 80 ppb is higher than other 
As(III) concentrations (i.e., 120ppb and 160 ppb) 
this may be due to low arsenic concentration and 
limited number of active sites available for 
adsorption on activated carbon for each 
adsorbent dose. The removal efficiency for each 
As (III) concentration is found to be maximum at 
10 g/L   and   beyond this there is very little or no  

increase in percent removal of arsenic. Hence, 
10g/L is the required optimum adsorbent dose. 
At this optimum adsorbent dose the removal 
efficiency for each As (III) concentrations 80 
ppb, 120 ppb and 160 ppb was found to be 
86.23%, 82.48% and 76.68% respectively. The 
less percent removal efficiency beyond the 
optimum dose may be due to agglutination of the 
adsorbent particles at higher adsorbent 
concentration which  leads to decrease in surface 
area and ultimately a stage is reached when the 
equilibrium is attained resulting in less removal 
efficiency.  
Effect of agitation rate and contact time   
The effect of agitation rate for different As (III)  
concentrations 80 ppb, 120ppb and 160 ppb 
were studied at optimized adsorbent dose 
(10g/L), contact time (4 hrs) and pH (10) and 
shown graphically in Fig. 3.  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : Effect of adsorbent dose for the removal of As (III) [contact time = 240 min, agitation 
rate = 400 osc/min, pH= 10] 
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Fig.  3 : Effect of agitation rate for the removal of As (III) [Contact time = 240 min, adsorbent 

dose = 10g/L, pH=10] 

It is obvious that initially with the increase in 
the agitation rate the percent uptake of As at 
any concentration increases,    it    reaches    a   
saturation level at 400 osc/min and thereafter 
there is very little increase in the removal 
efficiency. This can be explained on the basis 
that increasing the number of oscillations per 
minute increases the chances of collision 
between the adsorbate (As) molecules on to the 
cavities or active sites on the adsorbent 
particles (Ca-ACJ) due to which the adsorption 
efficiency increases, but since the number of 
active sites are limited once these sites are 
occupied or in other words equilibrium is 
established there will be no effect on 
adsorption efficiency on further increasing the 

rate of oscillation. The percent uptake of 
arsenic ions at 400 osc/min for each As (III) 
concentrations 80 ppb,120 ppb and 160 ppb 
was found to be 88.03%, 82.94% and 77.96% 
respectively. The removal efficiency for 80 
ppb As (III) concentration is more relative to 
120ppb and 160 ppb As (III) concentrations, 
this is because for lower concentrations, the 
number of available cavities on the adsorbent 
may be relatively large to be occupied by As 
(III) ions. The effect of time for different As 
(III) concentration on the removal efficiency of 
the Ca-ACJ were also studied at fixed 
adsorbent dose (10 g/L), pH (10), and 400 rpm 
agitation rate for different time intervals and 
the results are shown graphically in Fig. 4.  

 

 

 

 
 

 

 

 

 

 

Fig.  4 : Effect of contact time on the removal of As(III) [agitation rate=400osc/min, adsorbent 
dose =10g/L, pH=10] 
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It had been established that optimum time 
required to attain the equilibrium between 
the As (III) adsorbed on Ca-ACJ was 240 
min. At this time the sorption efficiency of 
As (III) concentrations 80 ppb, 120ppb and 
160 ppb was found to be 79.36%, 85.14% 
and 87.40% respectively. It has been found 
that as the initial concentration of As 
increases the sorption efficiency increases, 
because at equilibrium the number of As 
ions sorbed from higher concentrations are 
relatively greater than number of As ions 
desorbed from lower concentrations. The 
sorption efficiency is found to be rapid in the 
initial stages of increase in the contact time 
for different As concentration, but decreases 
gradually  with the lapse of time till the 
equilibrium is established in each case. It 
might be explained on the basis of fact that 
the adsorption process takes place in two 
stages, firstly there is formation of 
monolayer on the surface of adsorbent which 
is fast, secondly, there is formation of 
multilayer (also called as plateau stage) 
which is a slow process.17   
Effect of pH   
Adsorption of As (III) on Ca-ACJ was found 
to be highly pH dependent. pH studies had 
been conducted on As (III) concentrations of 
80 ppb, 120 ppb and 160 ppb under optimized 
adsorbent dose, contact time and agitation 
rate at 28±50C and the results had been 
depicted graphically  in  Fig. 5.   

The removal efficiency of Ca-ACJ is found to 
be higher at basic pH and is maximum at pH 
10 and thereafter it decreases drastically hence 
the optimum pH condition for the experiment 
was 10. At this pH the removal efficiency was 
found to be 87.24%, 82.31% and 72.58% 
respectively for As concentrations 80 ppb, 120 
ppb and 160 ppb. The mechanism of uptake of 
arsenic species by the adsorbents depends 
upon the charges present on both adsorbent 
and adsorbate at given reaction conditions. The 
pH of the solution determines chemistry and 
speciation of As and it also effects the surface 
charge of the adsorbent. Below pH 9 As (III) 
typically exists in non ionic form i.e., H3AsO3 

(arsenous acid) but pH greater than 9 it exists 
in two anionic forms H2AsO3

- and HAsO3
2-. 

The surface modified activated charcoal is 
more efficient in removal of As than untreated 
activated charcoals. The modification of 
charges on the surface of metal impregnated 
activated carbon depends upon the constituents 
present in its ash, metal complexes produced 
due to impregnation and pH conditions. The 
activation of Jatropha seed residue with Ca2+ 
ions increases the positive charge density on 
surface which increases its adsorption 
efficiency. Uptake of As (III) ions is possible 
by either by chemisorptions or by ion 
exchange or by both. The detailed discussion 
of surface charge modification of activated 
carbon and possible mechanism of adsorption 
had been had also reported by Mondal et al. 18

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  5 : Effect of pH on the removal of As (III) [Contact time = 240 min, adsorbent dose =10 
g/L, agitation rate=400osc/min] 
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Thus, it can be observed that surface 
modification of Ca-ACJ takes place which 
explains the uptake of As (III) species. The 
adsorption of As (III) species is low up to pH 
range 9 because the likely route of adsorption 
i.e., chemisorption takes place between neutral 
As (III) species and Ca-ACJ whose surface is 
positively charged, the necessary push being 
provided by rate of agitation and contact time. 
But at pH 10 the adsorption efficiency 
drastically increases as the chemisorption, 
occurs between positively charged surface of 
Ca-ACJ and negatively charged As (III) 
species (the maximum removal efficiency 
determined to be 87.24%). Ca-ACJ does not 
favour the removal of As (III) above pH 12 
(i.e., the removal efficiency decreases 
drastically as shown in the graph) this is due to 
surface modification of Ca-ACJ at higher      
pH   which   probably   becomes  negative  due  

to higher concentrations of OH- ions however, 
few adsorption may take place due to ion 
exchange (between negatively charged As (III) 
species and OH- ions) and the sufficient force 
may be provided by agitation, overcoming the 
force of repulsion.   
Effect of initial concentration 
Effect of initial concentrations of As(III) on  
the removal efficiency of Ca-ACJ had been 
studied for five different concentrations, 80 
ppb, 120 ppb, 160 ppb, 200 ppb and 250 ppb 
through batch experiment mode at pH 10, 
agitation rate of 400 osc/ min, contact time of 
4 hours on adsorbent dose of 10 g/L at constant 
temperature 28±50C and shown in Fig. 6. The 
removal efficiency was found to be 88.09%, 
83.74%, 76.62%, 68.96% and 62..08% 
respectively for different arsenic concentrate-
ions of 80 ppb, 120 ppb, 160 ppb, 200 ppb and 
250 ppb. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  6 : Removal efficiency of As (III) by Ca-ACJ 

Adsorption isotherms  
A graph between log qe and log Ce and 
between Ce and Ce/qe was plotted to obtain 
Freundlich and Langmuir adsorption 
isotherms respectively (Fig. 7 and Fig. 8). 
Both Freundlich and Langmuir adsorption 
isotherms yields a straight line with R2 values 
of 0.975 and 0.998 respectively confirming 
the validity of both the isotherms and hence 
declaring the suitability of Ca-ACJ for the 
adsorption of As (III) ions from the solution. 
Comparisons between R2 values between 
these isotherms show that the adsorption of 

As (III) has a good compliancy with 
Langmuir adsorption model (R2 = 0.998 
versus 0.975) which indicates the priority for    
the formation of monolayer on Ca-ACJ by As 
(III) species. Based on equation (3) and (4) 
and equation curve on Fig. 7 and Fig. 8 
respectively, the values of Kf, n, qmax and b 
were calculated and found to be 0.757, 2.994, 
1.779 µg/g and 0.638L/µg respectively 
(Table 1). The values of qmax and b when 
compared with other surface modified 
charcoals indicates that Ca-ACJ stands neck 
to neck for the removal of arsenic from water.       
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Fig. 7 : Frendulich adsorption isotherm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 : Langmuir adsorption isotherm 

In adsorption studies the dimensionless 
parameter of R was used to predict adsorption 
situations. Based on equation 5 the value of 
this parameter for this study was obtained as 

0.019 and the value of R<1 shows favourable 
adsorption. Similar results were reported by  
Samarghandi et al.19 and Rezaee et al.16 
individually in their studies.20 

Table 1: Freundlich and Langmuir isotherm equations and parameters for the adsorption 
of arsenic on calcium impregnated activated charcoal prepared from Jatropha seed residue 

Model equation R2 Kf n b( L/µg) qmax(µg/g) 
Freundlich isotherm 
[qe=0.757Ce1/2.994] 0.975 0.757 2.994   
Langmuir isotherm 
[qe=(1.779)(0.638)Ce/(1+0.638Ce)] 0.998   0.638 1.779 

CONCLUSION 
The adverse effect of arsenic on human health 
is very well established. The high toxicity and 
high mobility   of   As   (III) species  in  under- 

ground water as compared to As (V) species 
makes it notoriously poisonous. The removal 
of As (III) in contrast to As (V) is also difficult 
as the former generally occurs as neutral 
species   at   pH  range typical for groundwater  
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(6.5-8.7).  The removal efficiency of surface 
modified (by Ca2+ using CaCl2) activated 
charcoal obtained from Jatropha carcus 
(Physic nut) seed residue (obtained after oil 
extraction, generally considered as waste 
material) for the removal of Arsenic (III) 
species was extensively studied at different 
reaction conditions. The activated charcoal 
was found to be suitable for the removal of As 
(III) ions with maximum removal efficiency of 
88.09%. The removal efficiency of Ca-ACJ 
was maximum at low concentrations of 
arsenic, but it was found to be suitable enough 
to lower the arsenic concentration below the 
permissible limit (10 ppb) for the solutions 
containing As species as high as 250 ppb using 
optimised conditions. The surface morphology 
reveals that the Ca impregnated activated 
charcoal is highly porous containing 
mesopores which is a positive point for the 
treatment of As contaminated water. Langmuir 
and Freundlich adsorption isotherms had been 
studied and the adsorption follows Langmuir 
isotherm more closely indicative of monolayer 
adsorption mechanism. Adsorption capacity of 
Ca-ACJ as estimated from Langmuir isotherm 
shows that its value is in close agreement with 
other commonly used surface modified 
adsorbents. The value of R factor or 
equilibrium parameter (0.019) also shows the 
favourability of the adsorption process.  
Thus, the activated charcoal prepared from 
agricultural  waste  Jatropha  seed  residue can 
be used as a promising low cost adsorbent for 
removal of arsenic from water, so it can be 
used locally or can be sold as a raw material 
for water treatment options.      
Limitations and future scope of the work 
However, the work had been conducted 
successfully yet there are some limitations and 
future scope which are discussed below : 
1. BET surface area was not determined due 

to unavailability of the instruments. 
2. The study of surface modification of 

activated charcoal at different pH 
conditions and pHzpc of the constituents of 
the ash can be carried out in detail and 
suggesting an alternative to reduce the 
optimum pH for efficient As removal from 
10 to normal pH of drinking water (6-8). 

3. Column experiments can be carried out 
using continuous flow bed columns. 
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