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Abstract
Wide variety of inorganic compounds such as nutrients and trace metals, organic
chemicals, radioactive contaminants and pathogens are commonly present as
contaminants in the groundwater. Migration of contaminants in soil involves
important mechanisms such as molecular diffusion, dispersion under physical
processes, adsorption, precipitation and oxidation - reduction under chemical
processes and biodegradation under biological process. Cr (VI) is a major and
dangerous contaminant as per the ground water is concerned. There are numerous
research work carried out with concentrated efforts by the researchers towards
removal of Cr (VI) contaminant from aqueous solutions. There are few studies
relevant to Cr (VI) removal with respect to utilization of low cost admixtures and
also soil type. In the present study, different low cost admixtures like rice husk
(RH), shredded tyre (ST) and fly ash (FA) are used to understand the performance
in removal of Cr (VI) from aqueous solution and also two different soil types are
used along with the admixture. The results are discussed in terms of sorption
capacity and performance of individual admixture and combination of admixture
with soil in removal of contaminant. The fly ash, rice husk and shredded tyre
admixtures are used and the results revealed that the shredded tyre showed higher
performance in removal of contaminant concentration. Also, the soil which has
more fine particle content (size<0.075 mm IS sieve) showed reasonable reduction
in concentration of contaminant at the lower levels of contaminant initial
concentration. The sorption capacity results of Cr (VI) contaminant, treated with
various admixtures are further validated with the published work of other
investigators. The shredded tyre (ST) showed more adsorption capacity, i.e., 3.283
mg/g at pH of 4.8. For other admixtures, adsorption capacity value is varying in
the range of 0.07 mg/g to 1.7 mg/g. Only in case of activated alumina and
modified saw dust, its value is varying 1.6 to 1.7 mg/g whereas for remaining
admixtures, the adsorption capacity is less than 1 for the pH range of 2 to 3.
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Nomenclatures
C
Cc
Co
Cu
Kd
M
S
V

Equilibrium concentration
Coefficient of curvature
Initial concentration of the contaminant
Coefficient of uniformity
Distribution coefficient
Mass of soil in the flask
Mass adsorbed to the soil
Volume of liquid in the conical flask

1. Introduction
Contamination of soils, groundwater, sediments, surface water, indoor and outdoor
air with hazardous and toxic chemicals has become a serious environmental concern
[1-3]. Because of industrialization, ground water sources are getting polluted with
contaminants or heavy metals which are discharging out from the industries as
waste. Contaminants in groundwater include inorganic compounds such as nutrients
and trace metals, organic chemicals, radioactive contaminants and pathogens. Most
of the materials dissolve in water to some degree depending on their solubility.
Large quantities of organic compounds from industry and agriculture created the
greatest potential for groundwater contamination.
The migration of contaminants in soil involves important mechanisms such as
molecular diffusion, dispersion under physical processes, adsorption, precipitation
and oxidation-reduction under chemical processes and biodegradation under
biological processes [4]. There are number of factors that affect the transport of
the contaminant in the soil; namely, factors associated with the permeate, physical
and chemical properties of the porous media and lastly physio-chemical
interactions occurring during permeation of the permeate [5]. Changes in
composition and concentration of the variety of pollutants in the leachate
emanating from the waste containment ponds and waste landfills arise as a result
of one or more of several processes associated with the chemical, physical and
biological interactions of the contaminants in the soil-water system [6]. It is useful
to obtain information from controlled laboratory experiments where specific
processes of interaction are involved. Such information is essentially required for
modeling and prediction of the transport of the contaminants, where the transport
parameters need to be identified and quantified.
Chromium is found in the environment primarily with trivalent and hexavalent
oxidation states. Trivalent chromium is an essential micronutrient whereas Cr
(VI) is listed as a Group 1 human carcinogen by the International Agency for
Research on Cancer. Cr (VI) is toxic and exposure to Cr (VI) may lead to cancer,
nasal damage, asthma, bronchitis, pneumonitis, inflammation, dermatitis, and skin
allergies. Hence, it is imperative to remove Cr (VI) from solutions before being
released to the environment. Chromium speciation changes with temperature, pH,
humidity, UV light, electrochemical potential and the presence of oxidants and
reductants [2, 7-10]. The adsorption of Cr (VI) ions on wheat bran has been
studied using batch adsorption techniques [11]. There are various methods to
remove Cr (VI) including chemical precipitation, membrane process, ion
exchange, liquid extraction and electro dialysis [12]. These methods are non-
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economical and have many disadvantages such as incomplete metal removal, high
reagent and energy requirements, generation of toxic sludge or other waste
products that require disposal or treatment. The adsorption technique is one of the
preferred methods for removal of heavy metals because of its high efficiency and
low cost [13]. Researchers carried out the investigations towards the effective
removal of various heavy metals from solutions using natural adsorbents which
are economically viable such as agricultural wastes including sunflower stalks
[14], Eucalyptus bark [15], maize bran [16], coconut shell, waste tea, rice straw,
tree leaves, peanut and walnut husks [17].
Ahalya et al. [18] studied the removal of Cr (VI) from aqueous solutions
through bio-sorption using coffee husk. The effects of pH, contact time, initial
concentration and adsorbent dosage on the adsorption of Cr (VI) were studied.
The data followed the Langmuir and Freundlich adsorption isotherms. The
Langmuir adsorption capacity was found to be 44.95 mg/g. The Freundlich
constants Kf and n were 1.027 [mg/g (l/mg) n] and 1.493, respectively. Desorption
studies indicated about 60% of removal of hexavalent chromium. The results of
this study showed that adsorption of chromium by wheat bran reached
equilibrium after 60 minutes beyond which a little change of chromium removal
efficiency was observed. Higher chromium adsorption was observed at lower pH,
and maximum chromium removal (87.8 %) obtained at pH of 2. The adsorption of
chromium by wheat bran decreased at the higher initial chromium concentrations
and lower adsorbent doses. The results showed that the adsorption of Cr (VI) by
wheat bran follows Langmuir isotherm equation with a correlation coefficient of
0.997. In addition, the kinetics of the adsorption process follows the pseudo
second-order kinetics model with a rate constant value of 0.131 g/mg. min. The
results indicated that wheat bran can be employed as a low cost alternative to
commercial adsorbents in the removal of Cr (VI) from water and wastewater.
Rahmani et al. [19] studied hexavalent chromium removal from aqueous
solutions by adsorption onto synthetic nano size zero valent iron (nZVI). The results
showed that the removal efficiency decreased with Cr (VI) concentration and pH of
solution, and increased with the adsorbent dosage and contact time. The Langmuir
and Freundlich isotherm models were verified for the adsorption equilibrium data
and found that the Langmuir isotherm model fits the data well. It is further
attributed that the nano particle ZVI has an outstanding ability to remove Cr (VI)
due to high surface area, low particle size and high inherent activity.
The aim of this study was to understand the adsorption efficacy of Cr (VI)
using different adsorbents such as fly ash (FA), rice husk (RH) and shredded
tyre (ST). The details of the experimental program and materials used are
discussed below.

2. Experimental Investigations
2.1. Materials used
2.1.1. Soil
In this study two different soils were used. The properties of soils used in the study are
reported in Table 1. Soil 1 (S1) has fine fraction (< 0.075 mm) of 32% and coarse
fraction (> 0.075 mm) of 68%. Soil 2 (S2) has 54% fine fraction and 46% of coarse
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fraction. The pH values of soil 1 and soil 2 are 7.74 and 7.58 respectively. These pH
values were measured as per the standard procedure given in Indian Standard Code of
Practice for pH [20]. The soils collected from the field were air dried and stored in
airtight containers in the laboratory.
Table 1. Properties of Soil.
S. No.
1
2
3
4
5

Soil property
Soil Type
% Gravel
% Sand
% Silt and Clay
pH

Soil 1 (S1)
Red Soil
4
64
32
7.74

Soil 2 (S2)
Clay Mixed Red Soil
3
43
54
7.58

2.1.2. Admixtures
Admixtures such as fly ash (FA), rice husk (RH) and shredded tyre pieces (ST)
were used along with the soils to study their efficacy in removal of Cr (VI).

i) Fly ash (FA)
Fly ash was collected from the Vijayawada Thermal Power Station (VTPS),
Vijayawada in Andhra Pradesh (AP) state, India, and analyzed using XRD to
determine its composition by the Research and Development unit of Vijayawada
Thermal Power Station. The physical and chemical composition of fly ash is
presented in Table 2.

Table 2. Physical and Chemical Properties of Fly Ash.
Property
Value
Property
Specific gravity
1.97
Chemical Composition
% SiO2
Grain Size Distribution
% Gravel
0
% Al2O3
% Coarse Sand
0
% Fe2O3
% Medium Sand
0
% CaO
% Fine Sand
97.5
% MgO
% Silt and Clay
2.5
% SO3
0.085
% K2O+Na2O
Effective Diameter, D10 (mm)
Co-efficient of Uniformity, Cu
2.2
Co-efficient of Curvature, Cc
1.2

Value
60.5
30.8
3.6
1.4
0.91
0.14
1.1

The collected fly ash was stored in airtight containers in the laboratory, and it
was used with the soil under controlled conditions maintained in the laboratory.
The fly ash used in the present study contains majority of fine sand fraction, and it
is around 97%. Remaining fraction (about 2.5%) is of silt range. Figure 1 presents
the photograph of fly ash used in the study.
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Fig. 1. Fly Ash Used in the Study.
ii) Rice husk (RH)
Rice husk was collected from rice mill in Balanagar, Hyderabad, India. It is thick
yellow in color and has almost coarse fraction equivalent to sand size. It was
placed in airtight containers in the laboratory. Figure 2 shows the photograph of
the rice husk used in the study.

Fig. 2. Rice Husk Used in the Study.
iii) Shredded tyre pieces (ST)
The shredded tyre pieces were prepared from the locally available tyre scrap. The
shredded tyre chips/pieces of scrap tyres have a basic geometrical shape and size
between 1 to 12 mm. Care has been taken that the shredded tyre chips are free
from steel wire. Figure 3 shows the photograph of shredded tyre pieces used in
the present study.

Fig. 3. Shredded Tyre Pieces Used in the Study.
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2.2. Batch equilibrium test procedure
Batch tests were conducted on individual soil samples S1 and S2, which were air
dried and uniformly powdered and stored in the laboratory in controlled
conditions. Various concentrations of the Cr (VI) solutions prepared in the
laboratory were added to the soils. The Potassium dichromate compound was
used for preparing the Cr (VI) solution. It contains potassium and dichromate
ions. It has a chemical formula of K2Cr2O7. After addition of soil, the final pH
was determined to be 6.4.The concentration of contaminant in the form of
aqueous solutions prepared to cover broad range of concentration such as 800,
1000, 1500 mg/L. These are the concentrations generally constitute the designed
solution phase to evaluate the capability of suspended soil particles to absorb all
of the contaminants. Also at these concentrations, it may be possible to study the
behavior of contaminants with the aid of interaction characteristics dictated by the
surface properties of soil solids. For proper dispersion of contaminant solution in
soil media, it is a common practice to use a soil to contaminant solution (weight
to the volume ration) of 1:10, and also proper agitation point of view, the constant
temperature about 27o C can be maintained [6].
Based on the above soil to contaminant solution ratios, the contaminant and
soil mixture were prepared in a conical flask and this mixture was subjected to
centrifugation at 250 rpm for about 15 minutes. The solution was separated from
soil solids by using Whattman filter paper. The filtered contaminant solution
concentration was measured by using an Atomic Absorption Spectrophotometer
(AAS). The tests were repeated atleast two times depending upon the variation in
result for deciding the final readings. Almost similar values were noticed in all of
the trials of similar set of experiments at the given conditions. From this, mass
adsorbed (S) to the soil (mg/kg) was recorded and tabulated. Also, to determine
the equilibrium concentration (C) of contaminant solution, the adsorption solution
was filtered to remove soil residue. Then, the filtrate solution was analyzed.
Given the initial concentration of contaminant solution, adsorption isotherms
were plotted for soils S1 and S2. All of the data in the figures and tables were
presented as average of experimental replications unless otherwise, stated.
The adsorption mass ratio, S, in mg/kg can be computed from the expression,
Eq. (1) given below.

=

 

(1)

where S is the adsorption mass ratio in mg/kg, V is the volume of liquid in the
conical flask (40 ml), Co is the initial contaminant concentration, C is the
equilibrium concentration, and M is the mass of soil in the flask (4 g).
The batch test results obtained are plotted and discussed in the results and
discussion. There are three isotherms, which can be used for estimation of mass of
contaminant adsorbed per unit dry mass of soil. Sorption Isotherms are namely; a.
linear isotherm, b. Freundlich isotherm and c. Langmuir isotherm. It can be
plotted between adsorption mass ratios (S) versus the equilibrium concentration of
the contaminant (C). The Freundlich Isotherm is an equilibrium isotherm that is
used most often in many situations related to contaminant transport. The
Freundlich isotherm normally results in a curved graph, if a plot is drawn between
S and C. By taking the log of these terms, a straight line can be developed and it
can be used to obtain the slope and intercept of the line. The equation of the
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Freundlich isotherm is similar to the linear isotherm (S is directly related to C),
but a new exponential term (1/N) arises. The expression is presented in Eq. (2)

S = KdC1/N

(2)

The Langmuir isotherm contains two assumptions. The assumptions are that
the energy of adsorption is constant, and the numbers of binding sites are finite.
The expression for the Langmuir isotherm is presented in Eq. (3)

=

∝ 



(3)



In this study, all of the parameters except contact time, including temperature
(27°C), adsorbent dose, initial chromium concentration (1470 mg/l) and agitation
speed (250 rpm), were kept constant. The adsorption rate initially increased
rapidly, and the optimal adsorption efficiency was reached. The distribution
coefficient for S1 and S2 soils is estimated from the plotting drawn between the
parameters S and Co. The trend line is following the linear isotherm. The slope of
this trend line is taken as distribution coefficient, Kd.

3. Results and Discussion
Adsorption of chromium by various admixtures has been studied. The linear
isotherms for soils S1 and S2 are presented in Figs. 4 and 5. The Kd value is
simply a ratio of the sorbed phase concentration to the solution phase
concentration at equilibrium.
It can be seen from Figs. 4 and 5 that as the initial concentration of the
contaminant increases, the mass adsorbed to the soil is increasing linearly
irrespective of the percentage fine fraction prevailing in the system. But, more
linearity or good fitting is noticed for the case of S2 soil, where fine fraction is
more compared to the S1 soil. The distribution coefficients obtained from the
linear isotherms (Figs. 4 and 5) are shown in Tables 3 and 4. Higher Kd value is
noticed in the S2 soil. This can be attributed to the increased contact surface of
adsorbent particles with the increased fine content.

Fig. 4. Isotherm for Soil 1 (S1).
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Fig. 5. Isotherm for Soil 2 (S2).
Table 3. Batch Equilibrium Test Results for Soil 1 (S1).
S.
No.
1
2
3
4
5

Initial
concentration,
(Co) mg/L
1700
850
637.5
425
212.5

Final
concentration,
(C) mg/L
1460
690
452
340
145

Sorption,
S = (Co-C) V/M
(mg/kg)
2400
1600
1855
850
675

Distribution
coefficient,
(Kd) L/kg

1.12

Table 4. Batch Equilibrium Test Results for Soil 2 (S2).
S.
No.
1
2
3
4
5

Initial
Concentration,
(Co) mg/L
800
400
300
200
100

Final
Concentration,
(C) mg/L
580
290
180
160
75

Sorption
S = (Co-C) V/M
(mg/kg)
2200
1100
1200
400
250

Distribution
coefficient,
(Kd) L/kg

2.77

The isotherms fitted for soils S1 and S2 lead to the linear fitting and the
respective equations are presented in Eqs. (4) and (5).
For Soil 1 (S1) linear isotherm equation is,

S = 1.12 C0 + 616.4

(4)

2

and R value is 0.813.
For Soil 2 (S2) linear isotherm equation is,

S = 2.77 C0 + 30.13

(5)

2

and R value is 0.935.
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Chromium removal with the varied initial contaminant concentration for the
S1 and S2 soils without adding the admixture has been presented in Figs. 6 and 7
for the maintained conditions of temperature of 27°C, agitation speed of 250 rpm
and contact time equal to 24 hours. From these figures, it can be noticed that as
the initial contaminant concentration increases, the amount of chromium removal
is not following a particular variation. But it is noticed that the removal of
chromium in S1 soil is slow for the range of contaminant initial concentration of
200 to 400 mg/l. From 400 mg/l concentration onwards there is a drastic removal
of chromium up to about 600 mg/l and beyond this concentration the chromium
removal is showing little stagnation and further linear trend of removal of
chromium is noticed with the increased initial contaminant concentration.

Fig. 6. Influence of Initial Concentration on Removal of
Chromium of Soil 1 (S1) (Error values varied between 3 to 5%).

Fig. 7. Influence of Initial Concentration on Removal of
Chromium of Soil 2 (S2) (Error values varied between 3 to 5%).
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Similar such trend of chromium removal is noticed with the varied initial
contaminant concentration for S2 soil. The removal of chromium in S2 soil is
slow for the range of contaminant initial concentration up to 200 mg/l. From 200
to 300 mg/l concentration onwards there is a drastic removal of chromium.
Beyond this concentration the chromium removal is showing little stagnation and
further linear trend of removal of chromium is noticed with the increased initial
contaminant concentration.
From the results presented (Figs. 6 and 7), it is noticed that for S1 soil, the
removal of chromium is 2400 mg/kg corresponding to contaminant initial
concentration of 1700 mg/l. Similarly, in S2 soil, the removal observed is 2200
mg/kg for contaminant initial concentration of 800 mg/l. From, this variation, it
can be seen that for the soil (S2 soil) where fines content is more, the higher
level of chromium removal is taking place even at lower levels of contaminant
initial concentrations.
The sorption values estimated for soils, admixtures and combination of both
the soils and admixtures are further presented in Table 5. For all of these tests the
contaminant initial concentration was kept constant, i.e., 1400 mg/l. The final
concentrations were obtained for all the combinations of admixtures and soils.
From Table 5, it is noticed that the shredded tyre showed higher sorption capacity
compared to all other admixtures. The following combinations of soil admixtures
have shown higher sorption capacity. The 4g of S2 soil tested without admixture
showed sorption capacity of 3200 mg/kg, 4g of ST showed 3283 mg/kg sorption
capacity and 2g of S1 soil + 2g of ST showed 3034 mg/kg. The 2g of S2 soil + 2g
of ST showed 3700 mg/kg. Overall, the shredded tyre chips (ST) admixture is
showing good performance in removal of chromium.
Table 5. Sorption Capacity of Soils, Admixtures and Combination.
Final
Proportion
Initial
Sorption
of soil and
Concentration concentration
(mg/kg)
(Co) mg/L
(C) mg/L
additives
4g of Soil 1 (S1)
1470
1233
2366
4g of Soil 2 (S2)
1470
1150
3200
4g of RH
1470
1283
1866
4g of ST
1470
1141
3283
4g of FA
1470
1433
370.0
2g of Soil 1 (S1) + 2g of ST
1470
1166
3034
2g of Soil 1 (S1) + 2g of FA
1470
1400
700.0
2g of Soil 1 (S1) + 2g of RH
1470
1233
2366
2g of Soil 2 (S2) + 2g of ST
1470
1100
3700
2g of Soil (S2) + 2g of FA
1470
1300
1700
2g of Soil (S2) + 2g of RH
1470
1350
1200
The sorption capacity of various admixtures reported by previous researchers
is further presented in Table 6 for better comparison, along with the sorption
capacity noticed for ST admixture used in the present study. Overall observation
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made in Table 6, it is noticed that the ST admixture showed higher removal of
chromium and hence ST can be used as low cost admixture and also best
performance material especially in the removal of harmful chromium Cr (VI).
Table 6. Cr (VI) Adsorption Capacities of Different Adsorbents.
Adsorbents
CETYL-amended zeolite
EHDDMA-amended zeolite
Activated rice husk carbon
Activated alumina
Raw rice bran
Modified oak sawdust
Sawdust
Pine leaves
Wheat bran
Shredded tyre (ST)

Adsorption capacity (mg/g)
0.65
0.42
0.8
1.6
0.07
1.7
0.229
0.277
0.942
3.283

pH
2
4
2
3
2
2
4.8

Reference
[21]
[21]
[22]
[22]
[23]
[24]
[25]
[25]
[11]
Present study

Cr (VI) may get converted to Cr (III) rapidly (much less than 24 hours) in the
presence of the soil. The metals available in the soil matrix are potential
reductants for the conversion of Cr (VI) to Cr (III) [2]. On the other hand, recent
important findings by Torkmahalleh et al. [9] on chromium chemistry show that
Cr (III) is converted to Cr (VI) if some reactive oxygen species exist in the
system. Therefore, it is likely in the chromium adsorption studies, the final
concentrations of Cr (VI) biased by the conversion of Cr (VI) to Cr (III) and vice
versa. Since in this study, Cr (VI) conversion during the adsorption process was
not quantified, we cannot truly estimate how much Cr (VI) was adsorbed.
Additionally, acidic pH facilitates conversion of Cr (VI) to Cr (III) [2]. Therefore,
in the previous studies presented in Table 6 conducted at highly acidic condition,
the conversion of Cr (VI) was probably occurred. However, since in this study the
mass of Cr (VI) in the solution could be much higher than the mass of the
reductants in the soil matrix, it is likely safe to ignore the influence of Cr (VI) and
Cr (III) conversion during the adsorption process on the determination of final Cr
(VI) concentration. Moreover, the initial pH (after addition of soil) in this study
was determined to be 6.8 that maintains Cr (VI) and results in precipitation of Cr
(III) [10]. Thus, it is unlikely to experience loss of Cr (VI) and conversion of Cr
(III) to Cr (VI) upon preparing the adsorption solution.

4. Conclusions
The chromium (VI) removal efficiency increased with the increased adsorbent
dosage. At higher concentrations, the available sites of adsorbent become fewer,
and hence the intensity of the removal of metal ions decreased. The increased
initial concentrations of contaminant resulted in increase of amount of chromium
removal for the soils S1 and S2 used in the study. Among the admixtures used in
the study, the shredded tyre showed more sorption capacity and fly ash showed
low sorption capacity. The adsorption rate initially increased rapidly, and the
optimal adsorption efficiency was reached with the further increase of
contaminant initial concentration.

Journal of Engineering Science and Technology

August 2014, Vol. 9(4)

Adsorption of Chromium (VI) from Aqueous Solutions by Different Admixtures 421

Acknowledgements
The authors wish to thank Mr. Nagabushanam and Mr. Mallesh for their assistance
during the analyses of samples.

References
1.

2.

3.
4.

5.

6.
7.

8.
9.

10.

11.

12.

13.

Torkmahalleh, M.A.; Zhao, Y., Hopke, P.K.; Rossner, A.; and Ferro, A.R.
(2013). Additive impacts on particle emissions from heating low emitting
cooking oils. Atmospheric Environment, 74,194-198.
Torkmahalleh, M.A.; Lin, L.; Holsen, T.M.; Rasmussen, D.H.; and Hopke,
P.K. (2012). The impact of deliquescence and pH on chromium speciation in
ambient PM. Journal of Aerosol Science and Technology, 46(6), 690-696.
Furimsky, E. (1996). Spent refinery catalysts: environment, safety and
utilization. Catalysis Today, 30(4), 223-228.
Haghshenas, D.F.; Alamdari, E.K.; Torkmahalleh, M.A.; Bonakdarpour, B.;
and Nasernejad, B. (2009). Adaptation of acidithiobacillus ferrooxidans to
high grade sphalerite concentrate. Minerals Engineering, 22(15), 1299-1306.
Konecny, F.; Bohacek, Z.; Muller, P.; Kovarova, M.; and Sedlackova, I.
(2003). Contamination of soils and ground water by petroleum hydrocarbons
and volatile organic compounds – Case study: ESLAV BRNO. Bulletin of
Geosciences, 78(3), 225-239.
Bedient, P.B.; Rifai, H.S.; and Newell, C.J. (2nd ed.) (1994). Ground water
contamination transport and remediation. Prentice Hall, 119-151 & 228-332.
Eary, L.E.; and Rai, D. (1988). Chromate removal from aqueous wastes by
reduction with ferrous iron. Journal of Environmental Science and
Technology, 22(8), 972-977.
Guertin, J.; Jacobs, J.A.; and Avakian, C.P. (1st Ed.) (2005). Chromium (VI)
Handbook. CRC Press.
Torkmahalleh, M.A.; Lin, L.; Holsen, T.M.; Rasmussen, D.H.; and Hopke,
P.K. (2013). Cr speciation changes in the presence of ozone and reactive
oxygen species at low relative humidity. Atmospheric Environment, 71, 92-94.
Torkmahalleh, M.A.; Yu, C.-H.; Li, L.; Fan, Z.T.; Swift, J.L.; Bonanno, L.;
Rasmussen, D.H.; Holsen, T.M.; and Hopke, P.K. (2013). Improved
atmospheric sampling of hexavalent chromium. Journal of Air and Waste
Management Association, 63(11), 1313-1323.
Nameni, M.; Alavi Moghadam, M.R.; and Arami, M. (2008). Adsorption of
hexavalent chromium from aqueous solutions by wheat bran. International
Journal of Environmental Science and Technology, 5(2), 161-168.
Verma, A.; Chakraborty, S.; and Basu, J.K. (2006). Adsorption study of
hexavalent chromium using tamarind hull-based adsorbents. Separation and
Purification Technology, 50(3), 336-341.
Li, Q.; Zhai, J.; Zhang, W.; Wang, M.; and Zhou, J. (2007). Kinetic studies of
adsorption of Pb (II), Cr (III) and Cu (II) from aqueous solution by sawdust
and modified peanut husk. Journal of Hazardous Materials, 144(1), 163-167.

Journal of Engineering Science and Technology

August 2014, Vol. 9(4)

422

K. S. P. Kumar and E. C. N. Peter

14. Sun, G.; and Shi, W. (1998). Sun flowers stalks as adsorbents for the removal
of metal ions from wastewater. Industrial & Engineering Chemistry
Research, 37(4), 1324-1328.
15. Sarin, V.; and Pant, K.K. (2006). Removal of chromium from industrial waste
by using eucalyptus bark. Bioresource Technology, 97(1), 15-20.
16. Singh, K.K.; Talat, M.; and Hasan, S.H. (2006). Removal of lead from
aqueous solutions by agricultural waste maize bran. Bioresource Technology,
97(16), 2124-2130.
17. Karthikeyan, T.; Rajgopal, S.; and Miranda, L.R. (2005). Chromium (VI)
adsorption from aqueous solution by Hevea brasilinesis sawdust activated
carbon. Journal of Hazardous Materials, 124(1-3), 192-199.
18. Ahalya, N.; Kanamadi, R.D.; and Ramachandra, T.V. (2010). Removal of
hexavalent chromium using coffee husk. International Journal of
Environment and Pollution, 43(1/2/3), 106-116.
19. Rahmani, A.R.; Samadi, M. T.; and Noroozi, R. (2011). Hexavalent
chromium removal from aqueous solutions by adsorption onto synthetic nano
size Zero Valent Iron (nZVI). World Academy of Science Engineering and
Technology, 0050, 80-83.
20. Indian Standard - Method of test for soils. Determination of pH values.
(1987). (IS: 2720 – Part 26).
21. Santiago, I.; Worland, V.P.; Cazares-Rivera, E.; and Cadena, F. (1992).
Adsorption of hexavalent chromium onto tailored zeolites. 47th Purdue
Industrial Waste Conference Proceedings, Lewis Publishers, Inc., Chelsea,
MI. 669-710,
22. Bishnoi, N.R.; Bajaj, M.; Sharma, N.; and Gupta, A. (2004). Adsorption of
Cr (VI) on activated rice husk carbon and activated alumina. Bioresource
Technology, 91(3), 305-307.
23. Oliveira, E.A.; Montanher, S.F.; Andrade, A.D.; Nobrega, J.A.; and
Rollemberg, M.C. (2005). Equilibrium studies for the sorption of chromium
and nickel from aqueous solutions using raw rice bran. Process Biochemistry,
40(11), 3485-3490.
24. Argun, M.E.; Dursun, S.; Ozdemir, C.; and Karatas, M. (2006). Heavy metal
adsorption by modified oak sawdust: Thermodynamics and kinetics. Journal
of Hazardous Materials, 141(1), 77-85.
25. Aliabadi, M.; Morshedzadeh, K.; and Soheyli, H. (2006). Removal of
chromium from aqueous solution by lignocellulosic solid wastes. International
Journal of Environmental Science and Technology, 3(3), 321-325.

Journal of Engineering Science and Technology

August 2014, Vol. 9(4)

