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ABSTRACT
The paper deals with the feasibility of arsenite removal by the adsorption from bentonite mineral. 
Groundwater arsenic contamination has been reported in different parts of the world including 
Jharkhand, Bihar and Uttar Pradesh. Tube wells in Holocene Newer Alluvium are characterized by grey 
to black coloured organic-rich argillaceous sediments which have arsenic-contaminated groundwater. 
The majority of arsenic present in the groundwater is in the form of As(III) which exists as uncharged 
species arsenic tri hydroxide at pH value of less than 9.2. Arsenite is removed by various techniques 
like coagulation microfiltration, fixed bed adsorption, bioremoval, ion exchange, membrane filtration, 
etc. Our studies have shown that locally available bentonites containing a unit of montmorillonites 
can remove the arsenic from an aqueous medium. On the treatment of 100 mL arsenite solution with 
300 mesh sieves bentonites up to different intervals of time, it has been found that bentonites are 
good adsorbent of arsenite. The percentage removal of arsenite is up to 99 per cent with 3 g sodium 
derivative of bentonite for 1 hour. The removal efficiency, adsorption isotherm and kinetic studies show 
the suitability of bentonite minerals for arsenic removal following first-order kinetics. Freundlich and 
Langmuir isotherms are obeyed in the adsorption of arsenite by bentonite minerals. Adsorption of 
arsenic by bentonite minerals has proved to be a low-cost eco-friendly method. Sodium derivative of 
bentonite minerals has been found more efficient for removal of arsenite.   

INTRODUCTION

Arsenic contamination of drinking water has become a 
matter of worldwide concern. Main causes of occurrence 
of arsenic in groundwater may be attributed to pyrite bear-
ing shale, As-Cu mineralization and Gold belt of the Son 
valley with arsenic content. Arsenic problem is not only 
local and national but also global. The danger of arsenic 
contaminating the water reserves in the entire world is on 
the rise. Most water enters from natural deposits in the earth. 
Arsenic occurs as arsenic sulphide minerals like arsenopy-
rites (Jha 2016, Jha 2018). Some of the arsenic impurities 
exist in calcium carbonate and phosphate minerals where 
it substitutes for carbonate and phosphate. In oxidizing 
soils arsenate is bound to ferric hydroxide minerals such as 
ferrihydrite and haematite (Mermut 1994, Brindley 1980). 
Organic matter converts ferric to more soluble ferrous, in 
effect dissolving arsenic and causing an increase in arsenic 
in ground level. Use of arsenical pesticides, herbicides, in-
dustrial and agricultural pollution increases the arsenic level 
in groundwater (Jha et al. 2011, Jha et al. 2010). Inorganic 
arsenicals are more toxic than organic arsenicals. As(III) is 
more toxic than As(V) ( Jha & Mishra 2012, Lagaly 1995) 

Arsenite exists in aqueous medium as H2AsO3 and H3AsO3 
whereas arsenate is as HAsO4

2- and H2AsO4
2-. An alarming 

aspect of arsenic-contaminated groundwater is in its use of 
irrigating crops and vegetables to which arsenic passes and 
then consumed by humans.

Bentonites in different colours and grades are available 
in many states of the country. Rajmahal hill bentonites 
have been found as good quality bentonites due to their 
cation exchange capacity, swelling power and potential for 
adsorption. Hazaribagh bentonites have not been analysed 
for physicochemical characteristics and removal capacity of 
arsenic and heavy metals till date. The bentonites minerals 
containing montmorillonite unit having a negative charge 
which is balanced by the cations held on the surface. It has 
been established that the structure of Bentonite is 2:1 which 
implies that one octahedral sheet is sandwiched between two 
tetrahedral sheets (Guyonnet et al. 2005, Bailey 1982). The 
bentonites have a cation exchange capacity varying from 70 
to 110 meq/100 g of clay due to exchangeable cations such 
as Na+, Ca+2 and Mg+2.

The cation exchange capacity may be represented as:

 BH + M+ = BM + H+
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Where, M+ represents a cation, H+ is a cation. M+  
exchange H+ cation and BH is an exchanger.

 K = [BM][H+]/[BH][M+ ]

Where, K is the thermodynamic equilibrium constant.

   The molecular formula of Bentonite is (Na, Ca)0.33, 
(Al, Mg) 2, Si4O10 (OH)2.n H2O. The main constituent of 
this smectite clay mineral is silica and alumina (Brindley et 
al. 1986). In addition to this calcium oxide, sodium oxide, 
magnesium oxide, ferrous oxide/ferric oxide and traces of 
titanium oxide are present. Arsenic removal of water or 
prepared synthetic samples takes place both by ion exchange 
and the surface area of bentonites available for adsorption 
(Calvert 1981). This is the explanation commonly offered 
by research workers on arsenic. The pure sample, as well as 
derivatives of the collected bentonites from different places 
of Hazaribagh and Rajmahal Hills, have been analysed for 
arsenic removal capacity. The effect of contact time with a 
fixed mass of montmorillonite in 100 mL solution of sodium 
arsenite has been studied. The adsorption mechanism has 
been explained by Freundlich Adsorption Isotherm, given as 

 qc = K.C1/n or x/m = K.C1/n

Where, x/m is the mass of adsorbate per unit adsorbent.

 log x/m = log K + 1/n log C

The value of K and 1/n are obtained from the intercept 
and slope respectively (Karthikeyan et al. 2005, Jha 2012).

The value of x/m or qc is obtained from the formula 
given below.

 qc = [(C0-Ce) x V]/w

 Where, C0 and Ce are the initial and equilibrium concen-
trations of arsenite respectively. W is the mass of adsorbent 
and V, the volume of solution being used. The percentage 
removal is given by:

 % removal = [(C0-Ct)/C0] × 100

If a straight line is obtained in the plot of qt/ct vs. ct,  
Langmuir model is followed and a straight line obtained 
between a graph of log x/m and log C confirms Freundlich 
isotherm.

MATERIALS AND METHODS

The bentonite minerals were collected from the different 
sampling sites of Hazaribagh districts mainly located at lat. 
23.99°N and long. 85.37°E. The places are Barhi (Kundba), 
Barkagaon (Debgarh), Chauparan (Chandpur), Chalkusha 
(Sudan), Barkatha (Shiladhi), Keredari (Masuria), Churchu 
(Sandi), Karbekla (Kesu) and Oriya (Rolagaon). The samples 
were finely powdered up to 300 mesh sieve. The sample 
which gave blue colour with benzidine solution indicates 

the presence of montmorillonite unit. The stock solution of 
100 ppm arsenite solution was prepared by dissolving 173.5 
mg of anhydrous sodium arsenite of analytical grade in 1 L 
distilled water. Two ppm solution of arsenite was prepared by 
dilution of the stock solution. All the glassware were washed 
with dilute acid and then washed with double distilled water. 
100 mL 2 ppm solution was taken in 250 mL conical flask 
and 1 g bentonite sample was added to the conical flask 
and suspension was shaken in a mechanical shaker up to a 
different interval of time (ranging from 1 hour to 3 hours). 
This process was repeated with different masses of bentonite 
samples viz. 1 g, 2 g, 3 g up to 1 hr. After the shaking was 
over the solution was filtered with filter paper Whatman filter 
paper No. 42. The residual concentration of the arsenite ion 
was estimated by Mercko quant Arsenic Kit available in the 
laboratory. 5 mL test solution is taken in which reagent I 
is added and when this dissolves completely, reagent II is 
added. The strip supplied by the company is inserted into 
the tube up to 20 minutes. Special care is taken so that the 
strip might not come in contact with the test solution. Af-
ter 20 minutes the strip is taken out and matched with the 
intensity of the colour. This gives the range of arsenic from 
0.02 ppm to 2 ppm and more. Arsenic content was analysed 
by atomic absorption spectrophotometer also. The results 
obtained by the kit agree with the results obtained from the 
atomic absorption spectrophotometer (Perkin Elmer). The 
experiments were carried out in a neutral medium. The rate 
constant was calculated using the rate equation (Ramesh 
et al. 2007). The adsorbate per unit adsorbent values was 
put in the equation and tested for Freundlich and Langmuir 
isotherms (Sharma et al. 1995, J. Md. et al. 2008, Mondal  
et al. 2006, Dai et al. 1993)

RESULTS AND DISCUSSION

From Table 1, it is clear that the maximum removal of 
arsenite takes place with sample S6 (2540) after treatment 
of 100 mL 2 ppm arsenic (III) solution (Haque et al. 2008, 
Maiti et al. 2007)

 The Effect of contact time and adsorbent dosage has been 
studied with different grades of pure bentonite samples and 
their derivatives (Deliyanni et al. 2007, Ersoy et al. 2003). 
The initial concentration of arsenic decreases up to 0.2 ppm 
when 100 mL 2 ppm sodium arsenite solution is treated 
with either 2 g, 3 g bentonite up to 1 hour, the residual con-
centrations after 1 hour are 0.3 ppm, 1.2 ppm and 0.6 ppm 
respectively, when treated with pure samples of bentonite 
S6 (2540), S7 (2541) and S20 (2542) (Tables 1 & 2). After 2 
hours of treatment, the concentration decreases up to 0.2 ppm 
(Tables 1 & 4) but the maximum removal takes place after 3 
hours with sodium derivative of S6 (2540) (Table 5). When 
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Table 1: Concentration of arsenic (III) ion after treatment with 1 g of bentonite mineral.

Sl. No. Bentonite Sample No. Initial concentration of 
arsenic(III)ion (in ppm)

Residual concentration 
after 1 hour. ( in ppm)

Residual concentration 
after 2 hours ( in ppm)

Residual concentration 
after 3 hours ( in ppm)

1 S6 (2540) 2 0.3 0.2 0.2

2 S7 (2541) 2 1.2 0.8 0.6

3 S20 (2542) 2 0.6 0.4 0.3

4 Na Derivative of S6 (2540) 2 0.825 0.737 0.4

5 Na Derivative of S7 (2541) 2 0.612 0.523 0.413

Table 2: Concentration of arsenic (III) ion after treatment with different masses of bentonite mineral.

Sl.No Bentonite Sample No. Initial concentration 
of arsenic(III) ion 
(ppm)

Residual concentration 
with 1 g bentonite  
treatment after 1 hour 
(ppm)

Residual concentration 
with 2 g bentonite  
treatment after 1 hour 
(ppm)

Residual concentration 
with 3 g bentonite  
treatment after 1hour 
(ppm)

1 S6 (2540) 2 0.3 0.2 0.2

2 S7 (2541) 2 1.2 0.6 0.05

3 S20 (2542) 2 0.6 0.4 0.2

4 Na Derivative of S6 (2540) 2 0.825 0.4 0.02

5 Na Derivative of S7 (2541) 2 0.612 0.571 0.327

Table 3: Percentage arsenic removal after treatment with 1 g of bentonite mineral for 1 hour and values of qt, Ct, log qt and log Ct.

Sl.No Bentonite Sample No. % Removal qt Ct log qt log Ct

1 S6 (2540) 85 170 0.3 2.230 -0.5228

2 S7 (2541) 40 80 1.2 1.903 -0.0791

3 S20 (2542) 70 140 0.6 2.146 -0.2218

4 Na Derivative of S6 (2540) 58.75 117.5 0.825 2.070 -0.0835

5 Na Derivative of S7 (2541) 69.4 138.8 0.612 1.841 -0.213

Table 4: Percentage arsenite removal after treatment with 1 g of bentonite mineral for 2 hour and values of qt, Ct, log qt and log Ct.

Sl.No Bentonite Sample No. % Removal qt Ct log qt log Ct

1 S6 (2540) 90 180 0.2 2.2550 -0.6989

2 S7 (2541) 60 120 0.8 1.7780 -0.0969

3 S20 (2542) 80 160 0.4 1.9030 -0.3979

4 Na Derivative of S6 (2540) 63.15 126.3 0.737 1.8003 -0.1325

5 Na Derivative of S7 (2541) 73.85 147.7 0.523 2.1694 -0.2814

Table 5: Percentage arsenite removal after treatment with 1 g of bentonite mineral for 3 hours and values of qt, Ct, log qt and log Ct.

Sl.No Bentonite Sample No. % Removal qt Ct log qt log Ct

1 S6 (2540) 90 180 0.2 2.2552 -0.6989

2 S7 (2541) 70 140 0.6 2.1461 -0.2218

3 S20 (2542) 85 170 0.3 2.2304 -0.5228

4 Na Derivative of S6 (2540) 80 160 0.4 2.204 -0.3979

5 Na Derivative of S7 (2541) 79.35 158.70 0.413 1.8995 -0.3840

Table 6: Per cent arsenic removal after treatment with 2 g of bentonite mineral for 1 hour and values of qt, Ct, log qt and log Ct.

Sl.No. BentoniteSample No. %Removal qt Ct log qt log Ct

1 S6 (2540) 90 90 0.2 1.9542 -0.6989

2 S7 (2541) 70 70 0.6 1.8450 -0.2218

3 S20(2542) 80 80 0.4 1.9030 -0.3979

4 Na Derivative of S6 (2540) 80 80 0.4 1.9030 -0.3979

5 Na Derivative of S7 (2541) 71.45 71.45 0.571 1.8540 -0.2433
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Table 7: Percentage arsenic removal after treatment with 3 g of bentonite mineral for 1 hour and values of qt, Ct, log qt and log Ct.

Sl.No. BentoniteSample No. %Removal qt Ct log qt log Ct

1 S6 (2540) 90 60 0.2 1.778 -0.6989

2 S7 (2541) 97.5 65 0.05 1.8129 -1.3010

3 S20 (2542) 90 60 0.2 1.7781 -0.6989

4 Na Derivative of S6 (2540) 99 66 0.02 1.8195 -1.6989

5 Na Derivative of S7 (2541) 83.65 55.77 0.327 1.7464 -0.4854

Table 8: Percent removal of arsenite with different time intervals.

Sl. No. Bentonite Sample No. % Removal qt Ct log qt log Ct

1 S6 (2540) 90 60 0.2 1.778 -0.6989

2 S7 (2541) 97.5 65 0.05 1.8129 -1.3010

3 S20 (2542) 90 60 0.2 1.7781 -0.6989

4 Na Derivative of S6 (2540) 99 66 0.02 1.8195 -1.6989

5 Na Derivative of S7 (2541) 83.65 55.77 0.327 1.7464 -0.4854

Table 9: Percent removal of arsenite with different dosage of bentonite for 1 hour.

Sample no % Removal for 1 g sample % Removal in 2 g sample % Removal in 3 g sample

S6 (2540) 85 90 90

S7 (2541) 40 70 97.5

S20 (2542) 70 80 90

Na Derivative of S6 (2540) 58.75 80 99

Na Derivative of S7 (2541) 69.4 71.45 83.65

3) showed linearity. The linearity of the graph confirmed the 
Freundlich isotherm. Fig. 5 (Table 11) show that plot of ct/qt 
vs. ct is a straight line for the bentonite sample S6 (2540), S7 
(2541), S 20 (2542) and sodium derivatives of S6 (2540) and S7 
(2541). Fig. 4 showed that first order rate reaction is followed. 
The straight lines obtained in the graph between ct/qt vs. ct 
indicate that Langmuir adsorption isotherm is also followed 
in the case of adsorption in arsenite by bentonites (Fig. 5). 
The adsorption process may be explained as the arsenite ion 
on the active sites of the adsorbent and intraparticle diffusion 
(Li & Bowman 2001). The adsorption depends on the surface 
morphology once the surface is covered with the arsenite 
ions; there is no further scope of adsorption of arsenite from 
aqueous medium (Chakroborti et al. 2003). The particle size 
of 300 mesh sieve of bentonites makes available more surface 
area for adsorption with 3 g of bentonite.

CONCLUSION 

From different Government reports and tests performed, it 
is obvious that there is a rapid expansion of arsenic concen-
tration in groundwater in Hazaribagh District of Jharkhand 
which is a matter of great concern for the inhabitant of that 
region. Although the impact of arsenic in the human body 
is slow its effect is dangerous. Government is continuously 
taking appropriate steps to control the effect of this slow 
poison. Arsenic removal plants are established in different 
areas. From the results obtained by different experiments 

different masses of bentonite, e.g. 1 g, 2 g and 3 g were added 
to 100 mL 2 ppm sodium arsenite solution, it was clear that 
maximum removal took place when treated with 3 g ben-
tonite up to 1 hour. The concentration changes to 0.02 ppm 
from 2 ppm (Table 2). When the efficiency of adsorption of  
arsenite ion by bentonite minerals was compared with the 
derivative of the mineral, it had been found that sodium 
derivative of S6 (2540) had more adsorption capacity in 
comparison to pure bentonite samples. There were very 
similar findings in the adsorption capacity of 1 g bentonite 
mineral S7 (2541) and its sodium derivative. 3 g of benton-
ite sample S7 (2541) removed the arsenite ion from 2 ppm 
to 0.05 ppm in 1 hour, whereas three grams of its sodium  
derivative removed the arsenite ion concentration from 2 ppm to  
0.327 ppm. Bentonite sample S6 (2540) has greater  
efficiency for arsenite removal compared to its sodium 
derivatives, whereas pure bentonite sample S7 (2541) had 
lesser efficiency than its sodium derivatives for the removal 
of arsenite ion from aqueous medium up to different time 
 intervals. The percentage removal vs. time with different dos-
es of bentonite shown in Tables 6, 7, 8, 9 and Figs. 1, 3 indi-
cate that the minimum percentage removal is 40 for S7 (2541) 
and maximum removal is about 99 per cent which takes place 
with sodium derivative of S6 (2540). Effect of contact time 
and adsorbed amount (Table 10, Fig. 4) has been studied with  
different grades of pure bentonite samples and their  
derivatives. A graph of log qt vs. log ct values in Fig. 2 (Table 
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Fig. 3: Effect of dosage on percentage removal. 

 

Fig. 4: Plot of variation of the adsorbed amount of arsenite ion with time. 
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Table 10: Variation of the adsorbed amount of arsenite with time.

Sample no Amount adsorbed in 1 hour Amount adsorbed in 2 hour Amount adsorbed in 3 hour

S6 (2540) 1.7 1.8 1.8

S7 (2541) 0.8 1.2 1.4

S20 (2542) 1.4 1.6 1.7

Na Derivative of S6 (2540) 1.175 1.263 1.6

Na Derivative of S7 (2541) 1.388 1.477 1.587

Table 11: Values of (Ct/qt) Vs Ct for different samples of bentonites.

Sample No. (Ct/qt) Ct

S6 (2540) 0.001764 0.3

S7 (2541) 0.015 1.2

S20 (2542) 0.00428 0.6

Na Derivative of S6 (2540) 0.00702 0.825

Na Derivative of S7 (2541) 0.0044 0.612 
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performed, it is quite clear that bentonite clay and its deriva-
tives especially sodium derivatives are essentially capable for 
removal of arsenic from water to make it safe for drinking. 
Bentonites of Hazaribagh may be exploited for removal of 
arsenite on large by industries also. Both Freundlich and 
Langmuir adsorption isotherms are followed in case of the 
removal of arsenite by bentonites.
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