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Abstract: Batch mode adsorption experiments have been conducted successfully for the removal of fluoride from
polluted waters with nitric acid active carbon derived from stems of Acalypha indica plant (NAcIC). The effect
of various parameters such as pH, sorbent dosage, agitation time, initial concentration of fluoride, temperature,
particle size and presence of foreign ions have been studied in detail and optimized for the maximum extraction
of fluoride. Adsorption data have been modelled using Langmuir, Freundlich, Temkin and Dubinin-Radushkevich
isotherms and it has been observed that Langmuir isotherm well describes the experimental data because of R
and highest R? values. Further, the Dubinin-Radushkevich mean free energy (E = 3.16 kJ/mol) and Temkin heat
of sorption (B = 0.210 J/mol) for the NAcIC indicates the physisorption. Further, the adsorption kinetics is found
to be pseudo-second order rate mechanism followed by pseudo-first order, intra particle diffusion, pore diffusion
and Elovich model. FTIR, SEM and EDX studies confirm the fluoride binding ability of adsorbent. Field studies
have been carried out with the fluoride-contaminated groundwater samples in order to test the suitability of the
NACcIC using the same methodology at field conditions and it is found to be remarkably successful.

Key words: Activated carbon, adsorption isotherms, adsorption kinetics, application, batch mode studies, fluoride

removal, stems of Acalypha indica plant, surface characterization.

Introduction

Deleterious effects of fluoride contamination in
groundwaters on the health of human beings such as
arthritis, infertility, brittle bones, cancer, brain damage,
thyroid disorder, including skeletal and dental fluorosis
(Savinelli and Black, 1958; Chaturvedi, 1990; Chinoy,
1991; Lounici et al., 1997; Srimurali et al., 1998; Wang
and Reardon, 2001; Cengeloglu et al., 2002; Jamode
et al., 2004; Ayoob and Gupta, 2006; Barbier et al.,
2010; Gazzano et al., 2010; Ganvir and Das, 2011)
are well known and intensive research in controlling
this potential pollutant in contaminated waters is being
globally pursued by environmental researchers. The
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maximum permissible limit of fluoride in water is 1.5
mg/L by WHO (BIS, 1991; WHO, 2004).

Traditional methods based on nano-filtration (Liu et
al., 2007), electro dialysis (Adhikary and Tipnis, 1989;
Amer et al., 2001), Donnan dialysis (Hichour, 2000;
Garmes, 2002; Tor, 2007), reverse osmosis (Simons,
1993; Sehn, 2008), chemical precipitation (Nawlakhe,
1975; Reardon and Wang, 2000; Yadav et al., 2006),
membrane-based methods (Lhassani et al., 2001;
Mameri et al., 2001; Mjengera and Mkongo, 2003),
electro-coagulation (Hu et al., 2003), ion-exchange
(Singh et al., 1999; Castel et al., 2000; Meenakshi
and Viswanathan, 2010) are found to be tedious,
non-economical, generation of secondary pollutant,
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less encouraging for adoption for treating waters
on large scale and they suffer from one or the other
disadvantage and a universally acceptable, simple and
economical methods of de-fluoridation are still eluding
the researchers.

In this context the use of the bio-sorbents derived
from plant materials either in their native state or
chemically modified in controlling this dangerous
polluting ion in waste waters, is proving to be potential
alternative to the traditional methods and this aspect
is stimulating the continuous and expanding research
in this field. Activated carbons derived from Morringa
Indica (Karthikeyan and Siva Elango, 2007), Cynodon
dactylon (Alagumuthu et al., 2011), Emblica phyllanthus
(Ramachandra Murthy, 2003), sulphated coconut shell
carbon (Seethapathirao, 1964), zirconium impregnated
Lapsi seed stone carbon (Joshi et al., 2012), zirconium
impregnated coconut fibre carbon (Sai Sathish et al.,
2008), neem (Azadirachta indica) and kikar (Acacia
arabica) leaves carbon (Sunil Kumar et al., 2008) have
been explored for their abilities for de-fluoridation of
polluted water.

In the present work, nitric acid activated carbon
pertaining to stems of Acalypha indica plant (NAcIC)
has been probed for its de-fluoridation abilities. The
physical and chemical characterization of NAcIC
has been carried out by adopting standard methods.
The surface morphological studies of NAcIC have
been carried out by Fourier Transform Infrared
Spectroscopy (FTIR), Scanning Electron Microscopy
(SEM) and Energy Dispersive X-ray (EDX) analyzers.
The performance of NAcIC has been evaluated under
Batch Conditions of Extraction (Raichur and Basu,
2001; Lounici et al., 2004) by varying the various
physico-chemical parameters such as pH, contact time,

adsorbent dose, initial concentration of the fluoride
ion, particle size, temperature and effect of interfering
ions and the extraction conditions have been optimized
for the maximum removal of fluorides from waters.
Further, the nature of the adsorption processes have
been analyzed by Freundlich, Langmuir, Temkin and
Dubinin-Radushkevich (D-R) isotherms and kinetics of
adsorption have been studied using pseudo first-order,
pseudo second-order, Weber and Morris intraparticle
diffusion, Bangham’s pore diffusion and Elovich
equations. The methodologies developed have been
applied to real groundwater samples polluted with
fluoride.

Experimental

Materials

Reagents and Chemicals

All the chemicals used were of analytical reagent grade
purchased from Merck India Pvt. Ltd. and Sd. Fine
Chemicals and all solutions were prepared by using
double distilled water throughout this study. Fluoride
stock solution of 100 mg/L was prepared by dissolving
requisite amount of NaF in double distilled water
and the required working standards were prepared by
successive quantitative dilution of the stock solution.
SPADNS solution, zirconyl-acid reagent, acid zirconyl-
SPADNS reagent and reference solution were prepared
as described in Standard methods for the Examination
of Water and Waste Water (APHA, 1998).

Plant Selected for the Study

The present work deals with the use of active
carbon derived from stems of Acalypha indica plant.
The Acalypha indica plant (Figure 1), also known

Figure 1: Acalypha indica plant.
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as Muripinda or Kuppinta chettu (in local Telugu
language), belongs to the Euphorbiaceae family in plant
kingdom. It is an annual herb and grows up to about 75
cm in height. It is a weed in gardens, in waste places
and along the roadsides. Traditional medicines can be
prepared from all parts of this plant.

Adsorbent Preparation

The bio-sorbent was prepared from stems of Acalypha
indica plant by initial cleaning of dust particles with
double distilled water, dried completely under sunlight.
The dried material was cut into pieces and carbonized
in muffle furnace in the absence of air at 500°C for
about four hours. After carbonization, the carbon was
grounded, washed with fluoride-free water, dried in air
oven at 110°C and it was sieved into desired particle
sizes. Then the carbonized material was mixed with
approximately 0.1M HNO; and boiled for 2 to 3 hours
on flame for liquid phase oxidation.

After acid treatment, the carbon was washed with
double distilled water repeatedly to remove the un-
reacted acid and dried at 150°C for 12 hours. This nitric
acid activated carbon prepared from stems of Acalypha
indica plant was named as NAcIC.

Methods

Batch Mode Adsorption Studies

Batch experiments were designed to investigate the
efficiency of fluoride removal with varying conditions
extraction. 100 ml of standard fluoride solution (5 mg/L)
was pipette out into a 250 ml conical flask and to it
weighed quantities of the NAcIC was added, pH was
adjusted and the solution was stirred for desired period
at 200 rpm on a mechanical shaker at room temperature
30+1°C. Then the solution was filtered through
Whatman No. 42 filter paper. The fluoride concentration
in the sample after de-fluoridation was determined by
SPADNS method using U.V-Visible Spectrophometer
(Model No. Elico U.V-2600) as described in Standard
Methods for the Examination of Water and Waste Water
(APHA, 1998) atA . 570 nm. The same procedure has
been adopted for the experiments carried out by varying
physicochemical parameters such that adsorbent dosage,
pH of the fluoride solution, initial concentration of the
standard fluoride solution, agitation time, particle size,
temperature and in presence of interfering ions.

Fluoride lon Analysis

The percentage removal of fluoride ion and amount
adsorbed (in mg/g) were calculated using the following
equations.

G —Ce

x 100

% Removal (%R) =

i

G —Ce

Amount adsorbed (g,) = vV

m

where ¢, = Initial concentration of the fluoride solution
in mg/L, ¢, = Equilibrium concentration of the fluoride
solution in mg/L, m = Mass of the adsorbent in grams,
and ¥ = Volume of fluoride test solution in litres.

Characterization of NAcIC

The results obtained from the standard methods for
the various physicochemical properties of NAcIC are
presented in Table 1. The pH for the activated carbon
adsorbent was determined using the Elico pH meter,
model LI-120 and the pH ,,. was determined using
the pH equilibrium method (Newcombe et al., 1993;
Kadirvelu et al., 2000; Marsh and Rodriguez-Reinoso,
2006). Particle size was determined using American
Standard Test Method (ASTM) sieves (El-Hendawy
et al., 2001). Iodine number (Hill and Marsh, 1968;
ASTM D4607-94, 2006), decolourizing power (Girgis
and El-Hendawy, 2002; Rozada et al., 2005) and
other parameters such as apparent density, moisture,
loss on ignition, ash, water soluble matter and acid
soluble matter were analyzed by using standard test
methods (ISI, 1989; Namasivayam and Kadirvelu,
1997). The BET surface area (Brunauer et al., 1938;
Hashim, 1994; Kadirvelu et al., 2000) was determined
by Quantachrome NovaWin-Data Acquisition and
Reduction for NOVA instruments version 10.01 using
nitrogen gas adsorption analyzer at 77 K.

The surface acidic and basic functional groups were
determined according to Boehm titration (Bandosz et
al., 1992; Boehm, 1994). FT-IR spectra of NAcIC,
before and after fluoride adsorption, were recorded
from 4000 to 500 cm™' on a BRUKER VERTEX
80/80v FT-IR spectrometer, optical resolution of <0.06
cm!, with automatic and vacuum compatible beam
splitter changer (BMS-c) option with anhydrous KBr
as a pellet material. The surface morphology of the
NAcIC was determined by LEO 1420 VP Compact
variable pressure Digital SEM, manufactured by Leo
Electron Microscopy Ltd. (Beam voltage 500 to 2000
V, Magnifications 250 to 65,000 X, Resolution 3 nm
at 1000 V) and the elemental analysis was recorded
using BRUKER EDX two-dimensional V ANTEC-500
detector.
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Table 1: Physicochemical properties of NAcIC

S.No. Parameter Value
1 Apparent density (g/ml) 0.323
2 Moisture content (%) 7.62
3 Loss on Ignition (LOI) (%) 89.93
4 Ash content (%) 6.63
5 Water soluble matter (%) 0.65
6 Acid soluble matter (%) 0.88
7 Decolourizing power (mg/g) 302
8 pH 7.38
9 pH, b 9.64

10 lodine number (mg/g) 564

11 Particle size () 45

12 BET analysis - before 209.4
Surface area, m?%/g after 192.8

13 Surface functional groups (meq/g)-Boehm
Titration

I Carboxyl 0.992

II Lactonic 1.002

111 Phenolic 1.014

v Carbonyl 1.018
A% Total basic groups 5.347

Results and Discussions

Effect of Various Physicochemical Parameters on
Fluoride Removal

Effect of NAcIC Dosage on Fluoride Removal

The effect of adsorbent dosage on the fluoride removal
efficiency was studied with increasing NAcIC amount
from 1.0 to 9.0 g/L keeping all other parameters constant
at optimum levels namely, fluoride ion concentration:
5.0 mg/L, pH: 7, contact time: 60 min, particle size: 45
p and temperature: 30+£1°C. The obtained results are
plotted and shown in Figure 2.
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Figure 2: Effect of adsorbent dose on fluoride removal.

It was observed that the fluoride adsorption was rapid
and significant up to NAcIC dosage of 5.0 g/L and then
remained constant. Therefore, the amount 5.0 g/L was
considered as the optimum NAcIC dosage.

Effect of pH on Fluoride Removal

The effect of pH of fluoride solution on the percentage
removal of fluoride was studied by varying pH of
fluoride solution from 2 to 11 while keeping all other
parameters constant at optimum levels i.e. at fluoride
ion concentration: 5.0 mg/L, adsorbent dosage: 5.0
g/L, contact time: 60 min, particle size: 45 p and
at temperature of 30+1°C. The results obtained are
presented in Figure 3.

It may be seen from Figure 3, good extraction of
fluoride was observed in the pH range 5 to 8 with
maximum at pH: 7. As per Table 1, the pH of the
adsorbent surface is 7.38 while pH,,. is 9.64. This
indicates that the net surface charge on NACcIC is
positive. Hence, the surface has thrust for negatively
charged fluoride ion (F). But at low pH less than 3,
neutral hydrofluoric acid (HF) species is predominant
(Lagergren, 1898) and so, HF being neutral has less
affinity towards the surface of the NAcIC. Further, in
the alkaline pH range, the decrease in adsorption may
be attributed to the competition of the hydroxyl ions
with the fluoride ions for adsorption (Karthikeyan et
al., 2011). Hence, the optimum pH has been found to
be 7 and below and above this range the percentage
removal of fluoride ion is less.

Effect of Contact Time on Fluoride Removal

Contact time plays a very important role in adsorption
kinetics and it is used to evaluate the adsorption rate
constants. The effect of contact time on the percentage
removal of fluoride was studied by varying contact time
from 10 to 100 min while keeping all other parameters
constant such as pH (=7), fluoride ion concentration (5.0
mg/L), adsorbent dosage (5.0 g/L) and temperature of
30+1°C. The results obtained were as shown in Figure 4.
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Figure 3: Effect of adsorbent pH on fluoride removal.
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Figure 4: Effect of contact time on fluoride removal.

It was observed that the fluoride adsorption process
was rapid initially and then it became slowed down with
time and attained equilibrium state at/after 60 min. The
first rapid adsorption might be due to the availability of
large surface area and consequently the large number
of active sites for the adsorption process on the surface
of NAcIC (Alagumuthu et al., 2011). But as the time
increases progressively, surface has less number of
un-occupied active sites and moreover, for fluoride
being sorbed, it has to penetrate in search of new inner
active sites of the NAcIC as the outer surface site have
already been occupied by fluoride in initial timings
(Alagumuthu et al., 2011). This factor namely less
availability of active sites as the time progresses and the
time lag for sorption in the course of penetration, result
in the decrease in the adsorption of fluoride (Nawlakhe,
1975; Namasivayam and Kadirvelu, 1994).

Effect of Initial Fluoride Concentration on Fluoride
Removal

The effect of initial fluoride concentration on the
percentage removal of fluoride was studied by varying
initial fluoride ion concentration from 1 to 12 mg/L
keeping all other parameters constant such as pH (=7),
adsorbent dosage (5.0 g/L), contact time (60 min) and
at temperature of 30+1°C. The results obtained are
shown in Figure 5.

It was noticed that the percentage removal of
fluoride gradually decreased with increasing initial
fluoride concentration. This might be due to the fact
that for a constant adsorbent dosage, total available
adsorption sites were limited and, hence, the binding
capacity of the adsorbent had approached saturation
resulting in decrease in fluoride adsorption (Onyango
et al., 2004; Kagne et al., 2008). With an increase in
initial concentration of fluoride ion solution from 1 to
12 mg/L, the percentage removal (%R) decreased from
88.5 to 47.2%.
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Figure 5: Effect of initial fluoride concentration on
fluoride removal.

Effect of Particle Size on Fluoride Removal

The variation in the percentages of fluoride removal by
NACcIC with different particle sizes was studied. The de-
fluoridation experiments were conducted using NAcIC
with 45 to 150p mesh sized particles while keeping all
other parameters constant such as pH (=7), fluoride ion
concentration (5.0 mg/L), adsorbent dosage (5.0 g/L),
contact time (60 min) and at temperature of 30+1°C.
The results obtained were as shown in Figure 6.

It can be inferred from the graph that the percentage
removal of fluoride ion decreases with increase in
particle size of NAcIC and it is attributed to the
availability of active sites on the surface of the active
carbon. The adsorption is a surface phenomenon. Lesser
the particle size more will be the surface area and more
will be the number of active sites on the adsorbent
surface. Hence, 45 mesh sized particles have high de-
fluoridation efficiency due to larger surface area and the
efficiency decreases with increase in the particle size.

Effect of Interfering lons on Fluoride Removal

The effect of interfering anions such as chloride,
nitrate, sulphate, bicarbonate and phosphate on fluoride
adsorption by the NAcIC was examined with 50 mg/L
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Figure 6: Effect of particle size on fluoride removal.



38 M. Suneetha et al.

concentration of interfering ions keeping all other
parameters constant such as (pH: 7), fluoride ion
concentration (5.0 mg/L), adsorbent dose (5.0 g/L),

contact time (60 min) and at temperature of 30+1°C.
The results obtained are presented in Table 2 and plotted
as shown in Figure 7.

Table 2: Effect of interfering ions on fluoride ion removal from aqueous solution by NAcIC

S. No.  Adsorbent Maximum extractability at

optimum conditions

Extractability of fluoride ion of conc. 5 mg/L in presence of 50

mg/L of interfering ions at optimum (pHs)

NO;, 502 HCO, PO3-

1 NAcIC 80.6%,
pH: 7,

50 min.

79.1%,
pH: 7,
50 min.

3 3
78.3%, 73.2%, 68.4%
pH: 7, pH: 7, pH: 7,
50 min. 50 min. 50 min.

64.2%,
pH: 7,
50 min.
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Figure 7: Effect of interfering ions on fluoride removal.

The selective nature of the fluoride by the adsorbent
depends on size, charge, polarizability, electro negativity
difference, etc. and for NAcIC, the order of interference
for fluoride removal observed was in the following
order, PO;~ > HCO; > SO; > NO; > CI.

Similar trend was reported while studying Cynodon
dactylon as a sorbent for fluoride removal (Alagumuthu
et al., 2011). Chloride and nitrate did not perceptibly
interfere with fluoride removal as they can form
outer-sphere surface complexes while sulphate form
both outer-sphere and inner-sphere surface complexes
(Onyango et al., 2004) began to show some significant
effect on fluoride removal efficiency. However,
bicarbonate showed great competitive adsorption with
fluoride because the bicarbonate alkalinity of the water
reduces the affinity of the active sites of NAcIC for
fluoride adsorption (Alagumuthu and Rajan, 2010).
Phosphate ion which is having high negative charge
compared to other anions needs three close surface
groups and adsorbed on adsorbents as inner-sphere
surface complex. This inner-spherically adsorbing
phosphate ion (Goldberg and Sposito, 1984a, b; Zhang
and Spark, 1990) can significantly interfere with the
fluoride ion and hence decrease in the percentage

removal of fluoride ion from water. Fluoride sorption
was mainly influenced by the presence of phosphate ion
followed by bicarbonate, sulphate, nitrate and chloride
respectively. Fluoride sorption came down from 80.6
to 79.1, 78.3, 73.2, 68.4 and 64.2% in presence of
interfering ions chloride, nitrate, sulphate, bicarbonate
and phosphate respectively.

The effect of 10-fold excess of common cations
present in natural waters namely Ca®*, Mg?*, Na" , K*,
Cu?", Fe?" and Zn?" on the % removal of fluoride has
been studied and the effect is found to be marginal.

Effect of Temperature on Fluoride Removal

The temperature has a significant influence in the
adsorption process and hence, in the present study, the
adsorption of fluoride on NAcIC was monitored at three
different temperatures, viz., 303, 313 and 323 K by
keeping all other parameters constant such as (pH: 7),
fluoride ion concentration (5.0 mg/L), adsorbent dose
(5.0 g/L) and contact time (60 min). The results obtained
are presented in Figure 8 and the corresponding values
of various thermo dynamical parameters were found to
be: AH (kJ/mol): 16.47; AS (J/mol/K): 52.79; AG (kJ/
mol): 0.4746 for 303, —0.0533 for 313, —0.5812 for 323
and R? = 0.999.
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R*=0.999

0.2 A

0.1 * NAcIC

In(Ky

-0.2

-0.3
0.003

0.0031 0.0032

T

0.0033 0.0034

Figure 8: Effect of temperature on the adsorption of
fluoride ion.
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The positive values of AH (Bouberka et al., 2005)
and less than 20 kJ/mol (Atkins, 1999) of enthalpy
indicate the physisorption and endothermic nature
of the adsorption process. The positive value of AS
indicates the increased disorder and randomness at the
solid solution interface during the adsorption of fluoride
ion on adsorbent (Sairam Sundaram et al., 2009).
The AG values were both negative and positive. The
negative values of AG indicate the spontaneous nature
(Chaturvedi et al., 1988) of adsorption process and
positive indicates the adsorption is non-spontaneous.
These observations are similar to the investigations of
Xu Xiaotian et al. (2011) who also reported positive
and negative values for AG with respect to the fluoride
adsorption on magnesia-loaded fly ash cenospheres.

Adsorption Isotherms

The mechanism of adsorption fluoride on NAcIC was
studied using Nadsorbate interaction with adsorbent at
equilibrium widely used models, namely Freundlich
model which is an indicative of surface heterogeneity
of the adsorbent (Freundlich, 1906), Langmuir equation
which is valid for monolayer adsorption on to adsorbent
surface (Langmur, 1918), Dubinin-Radushkevich
(D-R) isotherm used to describe adsorption on both
homogeneous and heterogeneous surfaces (Dubinin and
RadushKevich, 1947) and Temkin isotherm describes

the adsorption on heterogeneous surfaces (Temkin and
Pyzhev, 1940), were employed. The linear plots of all
these four models are presented in Figure 9 and the
corresponding constants calculated from the slopes and
intercepts of the linear plots and are presented in Table
3 along with correlation coefficients (R2-values).

The correlation coefficient (R?) value was higher
in the Langmuir isotherm (R> = 0.972) than in the
Freundlich isotherm (R*= 0.892) and further, the value
of dimensionless separation factor (R, = 0.1225) was
found to be in the range 0-1 and these facts indicated
the favourability of the Langmuir isotherm than the
Freundlich isotherm and confirmed the monolayer
coverage of fluoride ions on the surface of NAcIC
(Altundogan et al., 2000; Dogan et al., 2004).

The Dubinin-Radushkevich mean free energy
(Onyango et al., 2004), E = 1\/2[3 and Temkin heat of
sorption (B) calculated from the slopes of Temkin linear
plots (Hameed, 2009; Nunes et al., 2009) were found
to be as 3.16 kJ/mol and 0.210 J/mol respectively for
NACcIC. These values confirmed the ‘physisorption’
nature of the adsorption process both as per Mounika
et al. (2009) and Atkins (1999). The “Physisorption”
is also called nonspecific adsorption and it occurs as a
result of long range weak vander Waals forces between
fluoride ions and adsorbent.
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Figure 9: Freundlich, Langmuir, Dubinin-Radushkevich and Temkin isotherms
(left to right in each figure).
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Table 3: Adsorption isotherm parameters

S. No. Adsorption isotherms Slope Intercept R’
1 Freundlich isotherm 0.384 -0.386 0.892
2 Langmuir isotherm R, =0.1225 0.875 0.611 0.972
3 D-R isotherm E =3.16 kJ/mol —5E-08 -9.933 0.948
4 Temkin isotherm B =0.210 J/mol 0.210 0.665 0.936

Adsorption Kinetics

The mechanism of adsorption was studied using pseudo
first-order (Lagergren, 1898; Ho and Mackay, 1999,
2000), pseudo second-order (Ho and Mackay, 1999,
2000; Ho et al., 2000; Kumar et al., 2011), Weber and
Morris intraparticle diffusion (Weber and Morris, 1963),
Bangham’s pore diffusion (Aharoni and Ungarish,
1977) and Elovich (Chien and Clayton, 1980; Ozacar
and Sengil, 2005; Gerente et al., 2007) as per the well

known equations. The linear plots of all these five
kinetic models are presented in Figure 10 and kinetic
parameters along with correlation coefficients values are
presented in Table 4. The best fit model was selected
based on the linear regression correlation coefficient
(R?), where the model matches with the experimental
data.

The experimental data reveals that the correlation
coefficient value for the pseudo second-order model

o - 140 -
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Figure 10: Pseudo first-order, pseudo second-order, Weber and Morris intraparticle diffusion,
Bangham’s pore diffusion and Elovich model (left to right in each figure).



Extraction of Fluoride from Polluted Waters Using Active Carbon from Stems of Acalypha indica 41

Table 4: Kinetic parameters

S. No. Adsorption kinetics Slope Intercept R
1 Pseudo first-order model -0.009 -0.372 0.976
2 Pseudo second-order model 1.047 16.63 0.982
3 Weber and Morris intraparticle diffusion model 0.057 0.286 0.921
4 Bangham’s pore diffusion model 0.486 —-1.089 0.905
5 Elovich model 0.172 0.034 0.901

(R?> = 0.982) is greater than other kinetic models and
this indicates that the pseudo second-order model is the
best fit to the experimental data of the present studied
adsorption system followed by pseudo first-order model
(R*= 0.976), Weber and Morris intraparticle diffusion
model (R?>= 0.921), Bangham’s pore diffusion model
(R*>= 0.905), Elovich model (R*>= 0.901) respectively.

However, if the intraparticle diffusion is the sole
rate determining step, the plots should not only be
linear, they should also pass through the origin (Ozcan
and Ozcan, 2005). Although, the plots in the present
case have good linearity, the plots do not have zero
intercept as required by the theoretical considerations.
This indicated that the mechanism for fluoride
adsorption by NAcIC was a complex one. The results
further indicated that the rate of fluoride adsorption on
NACcIC, was not solely controlled by pore diffusion but
intraparticle diffusion could also have contributed to the
rate determining step (Mahramanlioglu et al., 2002).
The Elovich equation does not predict any definite
mechanism, but it is useful in describing adsorption on
highly heterogeneous adsorbents similar to the NAcIC.

Characterization of NAcIC

Physicochemical Properties

By using standard methods (ISI, 1989; Namasivayam
and Kadirvelu, 1997), diverse physicochemical
properties of NAcIC were explored and important
features of these properties are presented in Table 1.
An anion adsorption is favoured on the NAcIC due
to pH < pH,,.. The reduction of BET surface from
209.4 to 192.8 m%/g after de-fluoridation indicates the
fluoride ion adsorption on the surface of NAcIC. Boehm
titration method determines the total acidic and basic
functional groups present on the surface of NAcIC
and from Table 1, it is clear that total basic groups are
greater than the total acidic groups. This is due to the
fact that on the edges of the poly aromatic layers of
active carbon, the diketone or quinone groups (Leon
y Leon and Radovic, 1994; Contescu et al., 1998) and

polycyclic pyrones (Voll and Boehm, 1971; Boehm,
1994, 2002) can cover a wide range of base strength
(about 12 pKa units) (Menendez et al., 1999; Suarez
et al., 1999) and the FT-IR studies have confirmed the
presence of these groups.

FT-IR Analysis

The Fourier Transforms Infrared (FT-IR) spectroscopy
method has been adapted to study the nature of surface
functional groups of NAcIC. The obtained FT-IR spectra
of NAcIC before and after de-flouidation in the range
4000-500 cm™" are shown in Figure 11.

FT-IR analysis of NAcIC (vide Figure 11), before
and after de-fluoridation, confirmed the occurrence of
fluoride adsorption on the active carbon as there were
some changes like shifts and decreases in the percentage
of transmittance in the FT-IR spectra of the solid surface
in the range 4000-500 cm™'. Of the various functional
groups observed, the more pronounced are the carbonyl
functional groups (Budinova et al., 2006):

* 1691.25 cm’! peak is attributed to quinine or
quinone or conjugated ketone (Ishizaki and Marti,
1981; Starsinic et al., 1983; Zawadzki, 1989; Biniak
et al.,1997; Shin et al., 1997; Moreno-Castilla et al.,
1998; Yongbin Ji et al., 2007; Chang et al., 2008);

+ 1787.13 cm'! attributed to the carbonyl, carboxyl
groups and lactones (Painter et al., 1985; Zawadzki,
1989; Fanning and Vannice, 1993; Zhuang et al.,
1994; Nageswara Rao et al., 2011);

+ The band around 2353.35 cm™ can be attributed
to the carbon-oxygen bonds in ketene (Papirer et
al., 1987) or result of alkynes (acetylenic) groups,
transition metal carbonyl and nitrogen double bond
(Coates, 2000).

Further, the peaks pertaining to the following
functional groups have been observed.

* -OH and chemisorbed water (Ibrahim et al., 1980;
Daifullah et al., 2003; Puziy, 2003; Yang and Lua,
2003);

* -C-H stretching (symmetric and asymmetric)
vibration of aliphatic -CH, or -CH, groups (Biniak
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Figure 11: FT-IR spectra of NAcIC before (left) and after de-fluoridation (right).

et al., 1997; Puziy, 2003; Yang and Lua, 2003;
Yongbin Ji et al., 2007);

* In plane bending vibration of -C-H of methylene
group (Rajeshwari et al., 2001; Budinova et al.,
2006; Gereel et al., 2007);

* -C-O- stretching (Gomez-Serrano et al., 1994;
Park, 1997; Shin et al., 1997; Lapuente et al., 1998;
Figueiredo et al., 1999; Rajeshwari et al., 2001; El-
Hendawy, 2003; Attia et al., 2006; Budinova et al.,
2006); and

* Out of plane deformation vibrations of -C-H group
in aromatic structures (Meldrum and Rochester,
1990a, b; Nageswara Rao et al., 2011).

The absence of specific peak pertains to -C-F,
suggested that the adsorption process is ‘physisorption’
but not chemisorptions.

SEM Analysis

Surface features such as pore characteristics, shape
and size of the particles making up the surface of
carbons have been studied by using SEM micrographs
and therefore the SEM become a unique and potent
instrument for studying the surface chemistry of
activated carbons. The SEM images of NAcIC before
and after fluoride adsorption were as shown in Figure
12.

In micrographs, dark areas indicate pores and grey
areas indicate the carbon matrix. Before adsorption,
the NAcIC consists of particles of different shapes
and sizes and the surfaces of the particles are irregular
and contain a number of heterogenecous holes and
small openings with wavy and highly broken edges.
These may have resulted in higher surface area and

consequently, higher adsorption capacity. The grey
surface area of every micrograph contains smaller micro
particles (nm to wm) which may indicate the activated
sites or surface functional groups of the carbon. After
fluoride adsorption, a change in surface morphology of
NACcIC resulting in ‘some smoothening’ of the surface
occurred and it is probably due to fluoride sorption on
the pores or active groups on the surface of NAcIC.
This change in the surface morphology further revealed
that the process of fluoride adsorption on NAcIC is
predominantly a surface phenomenon.

EDX Analysis

Energy-Dispersive X-ray spectroscopy (EDX), along
with SEM, gives the information about the elemental
composition on the surface of the activated carbon. In
present study, EDX analysis was performed for NAcIC
before and after fluoride adsorption. The obtained EDX-
spectra are presented in Figure 13 and their composition
in Table 5.

It is observed from the EDX-spectra that carbon and
oxygen peaks are found both in un-treated and fluoride-
treated samples but fluoride peak at 1.1 eV has been
observed only in the case of fluoride-treated sample.
Further, it may be observed that as the % of fluoride on
the surface increases in the treated sample of NAcIC,
there is simultaneous decrease of oxygen percentage.
This may be due to the replacing of ‘-OH’ by fluoride
on the inter surface of the said active carbon. Moreover,
a small peak pertaining to nitrogen was also observed.
This may be attributed to the incorporation of nitrogen
on the surface of NAcIC at the time of activation
process with Nitric acid.
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Figure 12: SEM analysis of NAcIC before (left) and after (right) de-fluoridation at x5000
and x6000 magnifications.
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Figure 13: EDX-spectra of NAcIC before (left) and after de-fluoridation.

Table 5: Elemental analysis of NAcIC by EDX spectra before and after defluoridation

EDX-elemental analysis (before) EDX-elemental analysis (after)
Composition CK NK OK FK  Total CK NK OK FK Total
Energy (eV) 0.3 0.5 0.6 1.1 0.3 0.5 0.6 1.1
Wit% (Mass ratios) 86.1 1.2 12.7 - 100 85.6 1.0 11.6 1.8 100

At% (Atomic percentages) 84.8 1.1 14.1 - 100 86.1 0.9 11.4 1.6

100
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Thus from the FTIR, SEM and EDX studies we may
conclude that on the surface of the active carbon,
there is an accumulation fluoride as has been reflected
from the presence of fluoride-peak in EDX spectra in
the samples treated with fluoride and this fact is also
confirmed by the appearance of smooth surface in the
SEM spectra for the same samples; and accumulation of
fluoride on the surface is due to the physisorption and
not due to the chemisorptions or ion-exchange as there
is no specific peak pertaining to -C-F bond in FTIR.

Applications

The adoptability of the methodology developed with the
new bio-sorbent in this work for removing fluoride has
been tried with some real water samples collected from
groundwaters in fluoride affected areas in Vinukonda
Mandal of Guntur District of Andhra Pradesh.

The samples were subjected to extraction for fluoride
using NAcIC developed in this work at optimum
extraction conditions of pH: 7, equilibration time:
60 min, particle size of NAcIC: 45 p and sorbent
concentration of 5.0 g/L and temperature: 30+1°C. The
results obtained are presented in Table 6.

From Table 6, column 3, it is evident that the
concentration of fluoride in all groundwater samples
collected from various villages of Vinukonda Mandal,
Guntur Dist. have been varied from 3.37 to 4.27
mg/L which is beyond the permissible World Health
Organization limit: 1.5 mg/L (BIS, 1991; WHO, 2004).
Hence in the present work, the de-fluoridation studies
have been carried out on these particular samples
using the adsorbent, NAcIC, in order to find its utility.
From Columns 4 and 5 of Table 6, it can be inferred
that NAcIC effectively decrease the fluoride content

Table 6: Fluoride ion concentration (before and after de-fluoridation) of ground water samples

S. No.  Village name C. (mg/L) (before Cf(mg/L) (after % Removal
defluoridation) defluoridation)
With NAcIC
1 Sivapuram 3.75 0.930 75.2
2 Koppukonda 3.82 0.905 76.3
3 Thimmayapalem 3.56 0.862 75.8
4 Narasayapalem 3.48 0.804 76.9
5 Brahmanapalli 4.27 0.974 77.2
6 Mada manchipadu 3.88 0.912 76.5
7 Andugulapadu 3.69 0.893 75.8
8 Tsouta palem 4.09 0.908 77.8
9 Venkupalem 3.37 0.829 75.4
10 Nagulavaram 3.28 0.764 76.7
11 Peda kancherla 3.68 0.832 77.4
12 Narasarayani palem 3.52 0.887 74.8
13 Dondapadu 3.95 0.976 75.3
14 Vinukonda 3.62 0.883 75.6
15 Gokana konda 4.21 0.993 76.4
16 Enugupalem 3.69 0.948 74.3
17 Surepalli 3.45 0.790 77.1
18 Ummadivaram 3.59 0.840 76.6
19 Perumalla palli 4.12 0.981 76.2
20 Nayanipalem 3.68 0.924 74.9
21 Settupalli 3.72 0.949 74.5
22 Vithamrajupalli 3.43 0.775 77.4
23 Neelagangavaram 3.49 0.834 76.1
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in groundwater samples below permissible limits
under optimum experimental conditions. Thus the
methodology developed in this research work using
active carbon NACcIC is remarkably successful.

Conclusions

The de-fluoridation studies based on the active
carbon derived from stems of Acalypha indica plant
(NACcIC) have been carried out by varying different
physicochemical parameters in batch methods of
extraction and are optimized. The % of removal of
fluoride is found to be maximum at pH = 7, adsorbent
dosage: 5.0 g/L, equilibration time: 60 min, particle
size: 45 and at a temperature of 30£1°C. Further, the
interference of commonly found co-ions in waters has
been studied.

The adsorption process was found to be spontaneous
and endothermic in nature and is satisfactorily fitted with
Langmuir adsorption isotherm indicating monolayer
adsorption. The Dubinin-Radushkevich mean free
energy (£ = 3.16 kJ/mol) and Temkin heat of sorption (B
=0.210 J/mol) has confirmed the ‘physisorption’ nature.
The kinetics of adsorption process is better explained
by Pseudo-second-order model. FT-IR and SEM-EDX
techniques have confirmed the adsorption of fluoride
on NAcIC surface. Field studies indicated that NAcIC
could be used as an effective de-fluoridating agent
under the optimum extraction conditions developed
in this work and hence, the methodology can be
successfully used in waste water treatment technologies
in controlling fluorides.

References

Adhikary, S.K., Tipnis, U.K., Harkare, W.P. and K.P.
Govindan (1989). Defluoridation during desalination
of brackish water by electrodialysis. Desalination, 71:
301-312.

Aharoni, C. and M. Ungarish (1977). Kinetics of activated
chemisorption. Part 2, Theoretical Models. Journal of
the Chemical Society, Faraday Transactions 1: Physical
Chemistry in Condensed Phases, 7(3): 456-464.

Alagumuthu, G. and M. Rajan (2010). Kinetic and
equilibrium studies on fluoride removal by zirconium
(IV) — impregnated ground nutshell carbon. Hemijska
Industrija, 64(4): 295-304.

Alagumuthu, G., Veeraputhiran, V. and R. Venkataraman
(2011). Fluoride sorption using Cynodon dactylon based
activated carbon. Hemijska Industrija, 65(1): 23-35.

Altundogan, H., Altundogan, S., Tumen, F. and B. Memnune
(2000). Arsenic removal from aqueous solutions by
adsorption on red mud. Waste Management, 20: 761-767.

Amer, Z., Bariou, B., Mameri, N., Taky, M., Nicolas, S. and
A. Elimidaoui (2001). Fluoride removal from brackish
water by electro dialysis. Desalination, 133: 215-223.

APHA (1998). Standard Methods for the Examination of
Water and Waste Water. 20" edition, American Public
Health Association. Water Environment Federation
Publication, Washington, DC.

ASTM D4607-94 (2006). Standard test method for
Determination of Iodine number of Activated Carbon.
Atkins, P. (1999). Physical chemistry. 6th edn. Oxford

University Press, London.

Attia, A.A., Rashwan, W.E. and S.A. Khedr (2006). Capacity
of activated carbon in the removal of acid dyes subsequent
to its thermal treatment. Dyes and Pigments, 69: 128-136.

Ayoob, S. and A K. Gupta (2006). Fluoride in drinking water:
A review on the status and stress effects. Environmental
Science and Technology, 36: 433-487.

Bandosz, T.J., Jagicllo, J. and J.A. Schwarz (1992). A
comparison of methods to assess surface acidic groups on
activated carbons. Analytical Chemistry, 64: 892.

Barbier, O., Arreola-Mendoza, L. and L.M. Del Razo (2010).
Molecular mechanisms of fluoride Toxicity. Chemico-
Biological Interactions, 188: 319-333.

Biniak, S., Szymanski, G., Siedlewski, J. and A. Swiatkowski
(1997). The characterization of activated carbons with
oxygen and nitrogen surface groups. Carbon, 35(12):
1799-1810.

BIS (1991). Indian Standards for Drinking Water-Specification,
Bureau of Indian Standards, New Delhi.

Boehm, H.P. (1994). Some aspects of the surface chemistry
of carbon blacks and other carbons. Carbon, 32: 759-769.

Boehm, H.P. (2002). Surface oxides on carbons and their
analysis: A critical assessment. Carbon, 40: 145.

Bouberka, Z., Kaoha, S., Kamecha, M., Elmaleh, S. and
Z. Derriche (2005). Sorption study of an acid dye from
an aqueous solutions using modified clays. Journal
of Hazardous Materials, 119: 117-124.

Brunauer, S., Emmett, P.H. and E. Teller (1938). Adsorption
of gases in multi molecular Layers. Journal of the
American Chemical Society, 60: 309-319.

Budinova, T., Ekinci, E., Yardim, F., Grimm, A., Bjornbom,
E., Minkova, V. and M. Goranova (2006). Characterization
and application of activated carbon produced by H,PO,
and water vapour activation. Fuel Processing Techonology,
87: 899-905.

Castel, C., Schweizer, M., Simonnot, M.O. and M. Sardin
(2000). Selective removal of fluoride ions by a two-way
ion-exchange cyclic processes. Chemical Engineering
Science, 55: 3341-3352.

Cengeloglu, Y., Esengul, K. and M. Ersoz (2002). Removal of
Fluoride from aqueous Solution by Using Bauxite Wastes.
Separation and Purification Technology, 28: 81-86.



46 M. Suneetha et al.

Chang, Yu., Jie Shan, Qiu, Yu Feng Sun, Xian Hui Li,
Gang Chen and Zong Bin Zhao (2008). Adsorption
removal of thiophene and dibenzothiophene from oils
with activated carbon as adsorbent: Effect of surface
chemistry. Porous Materials, 15: 151-157.

Chaturvedi, A.K., Pathak, K.C. and V.N. Singh (1988).
Fluoride removal from water by adsorption on China clay.
Applied Clay Science, 3: 337-346.

Chaturvedi, A K., Yadva, K.P., Yadava, K.C., Pathak, K.C.
and V.N. Singh (1990). Deflouridation of Water by
Adsorption on Fly Ash. Water, Air, Soil Pollution, 49(1-
2): 51-61.

Chien, S.H. and W.R. Clayton (1980). Application of Elovich
equation to the kinetics of phosphate release and sorption
in soils. Soil Science Society of America Journal, 44:
265-268.

Chinoy, N.J. (1991). Effects of fluoride on
physiology of animals and human beings. Indian
Journal of Environment and Toxicology, 1: 17-32.

Coates, J. (2000). Interpretation of Infrared Spectra, A
practical approach. /n: Encyclopedia of Analytical
Chemistry, Meyer, R.A. (Ed.), John Wiley and Sons,
Chicester.

Contescu, A., Vass, M., Contescu, C., Putyera, K. and
J.A. Schwarz (1998). Acid Buffering Capacity of Basic
Carbons Revealed by Their Continuous pK Distribution.
Carbon, 36: 247-258.

Daifullah, A.A.M., Yakout, S.M. and S.A. Elreefy (2007).
Adsorption of fluoride in aqueous solutions using KMnO,
modified activated carbon derived from steam pyrolysis of
rice straw. Journal of Hazardous Materials, 147: 633-643.

Dogan, M., Alkan, M., Turkyilmaz, A. and Y. Ozdemir (2004).
Kinetics and mechanism of removal of methylene blue by
adsorption onto perlite. Journal of Hazardous Materials,
109: 141-148.

Dubinin, M.M. and L.V. RadushKevich (1947). The equation
of the characteristic curve of the activated charcoal.
Proceedings of the USSR Academy of Sciences, Physical
Chemistry Section, 55: 331-333.

El-Hendawy, A.N.A. (2003). Influence of HNO, oxidation on
the structure and adsorptive properties of corncob-based
activated carbon. Carbon, 41: 713-722.

El-Hendawy, A.N.A., Samra, S.E. and B.S. Girgis (2001).
Adsorption characteristics of activated carbons obtained
from corncobs. Colloids and Surfaces A: Physicochem.
Eng. Aspects, 180: 209-221.

Fanning, P.E. and M.A. Vannice (1993). A DRIFTS study of
the formation of surface groups on carbon by oxidation.
Carbon, 31(5): 721-730.

Figueiredo, J.L., Perria, M.F.R., Freitas, M.M.A. and J.J.M.
Orfao (1999). Modification of the surface chemistry of
activated carbons. Carbon, 37(9): 1379-1389.

Freundlich, H.M.F. (1906). Over the adsorption in solution.
Journal of Physical Chemistry, 57: 385-471.

Ganvir, V. and K. Das (2011). Removal of Fluoride from
Drinking Water Using Aluminum Hydroxide Coated Rice
Husk Ash. Journal of Hazardous Materials, 185(2-3):
1287-1294.

Garmes, H., Persin, F. and J. Sandeaux (2002). Defluoridation
of groundwater by a hybrid process combining adsorption
and Donnan dialysis. Desalination, 145: 287-291.

Gazzano, E., Bergandi, L., Riganti, C., Aldieri, E., Doublier,
S., Costamagna, C., Bosia, A. and D. Ghigo (2010).
Fluoride effects: The two faces of Janus. Current
Medicinal Chemistry, 17: 2431-2441.

Gercel, O., Ozcan, A., Ozcan, A.S. and H.F. Gercel (2007).
Preparation of activated carbon from a renewable bio-plant
of Euphorbia rigida by H,SO, activation and its adsorption
behaviour in aqueous solutions. Applied Surface Science,
253: 4843-4852.

Gerente, C., Lee, V.K.C., Le Cloirec, P. and G. McKay
(2007). Application of Chitosan for the Removal of
Metals from Wastewaters by Adsorption-Mechanisms
and Models Review. Critical Reviews in Environmental
Science and Technology, 37: 41-127.

Girgis, B.S. and A.N.A. El-Hendawy (2002). Porosity
development in activated carbons obtained from date
pits under chemical activation with phosphoric acid.
Microporous and Mesoporous Materials, 52: 105-117.

Goldberg, S. and G. Sposito (1984a). A chemical model
of phosphate adsorption by soils: 1. Reference oxide
minerals. Soil Science Society of America Journal, 48:
772-778.

Goldberg, S. and G. Sposito (1984b). A chemical model of
phosphate adsorption by soils: II. Noncalcareous soils. Soil
Science Society of America Journal, 48: 779-783.

Gomez-Serrano, V., Acedo-Ramos, M., Lopez-Peinado, A.J.
and C. Venezuela-Calahorro (1994). Study of Surface
Functional Groups by FT-IR. Fuel, 73(3): 387-395.

Hall, K.R., Eagleton, L.C., Acrivos, A. and T. Vermevlem
(1966). Pore and solid diffusion kinetics in fixed bed
adsorption under constant pattern conditions. /ndustrial
and Engineering Chemistry Fundamentals, 5: 212-219.

Hameed, B.H. (2009). Evaluation of papaya seed as a non-
conventional low cost adsorbent for removal of MB.
Journal of Hazardous Materials, 162: 939-944.

Hashim, M.A. (ed.) (1994). Symposium on Bioproducts
Processing-Technologies for the Tropics. INST Chemical
Engineers, Kualalumpur, Malaysia.

Hichour, M., Persin, F., Sandeaux, J. and C. Gavach (2000).
Water defluoridation by Donann Dialysis and electro
dialysis. Separation and Purification Technology, 18: 1-11.

Hill, A. and H. Marsh (1968). A study of the adsorption
of iodine and acetic acid from aqueous solutions on
characterized porous carbons. Carbon, 6(1): 31-39.

Ho, Y.S. and G. McKay (1999). Pseudo-second order model
for sorption processes. Process Biochemistry, 34: 451-465.



Extraction of Fluoride from Polluted Waters Using Active Carbon from Stems of Acalypha indica 47

Ho, Y.S., Ng, J.C.Y. and G. McKay (2000). Kinetics of
pollutant sorption by biosorbents: Review. Separation
and Purification Methods, 29: 189-232.

Ho, Y.S. and G. Mackay (2000). The kinetics of sorption
of divalent metal ions onto sphagnum moss peat. Water
Research, 34: 735-742.

Hu, C.Y., Lo, S.L. and W.H. Kuan (2003). Effect of co-
existing anions on fluoride removal in electrocoagulation
process using aluminium electrodes. Water Research, 37:
4513-4523.

Ibrahim, D.M., El-Hemaly, S.A. and F.M. Abdel-Kerim
(1980). Study of rice-husk ash silica by infrared
spectroscopy. Thermo Chimica Acta, 37: 307- 314.

Ishizaki, C. and I. Marti (1981). Surface oxide structures on
a commercial activated carbon. Carbon, 19: 409.

ISI (1989). Activated Carbon, Powdered and Granular —
Methods of sampling and its tests, Bureau of Indian
Standards, New Delhi, IS 877.

Jamode, A.V., Sapkal, V.S. and V.S. Jamode (2004).
Defluoridation of water using inexpensive adsorbents.
Journal of the Indian Institute of Science, 84: 163-171.

Joshi, S., Adhikari, M. and R.R. Pradhananga (2012).
Adsorption of Fluoride Ion onto Zirconyl-Impregnated
Activated Carbon Prepared from Lapsi Seed Stone.
Journal of Nepal Chemical Society, 30: 13-23.

Kadirvelu, K., Faur-Brasquet, C. and P. Le Cloirec (2000).
Removal of Cu(Il), Pb(II), and Ni(IT) by Adsorption onto
Activated Carbon Cloths. Langmuir, 16(22): 8404-8409.

Kagne, S., Jagtap, S., Dhawade, P., Kamble, S.P., Devotta,
S. and S.S. Rayalu (2008). Hydrated cement: A promising
adsorbent for the removal of fluoride from aqueous
solution. Journal of Hazardous Materials, 154: 88-95.

Karthikeyan, G. and S. Siva Elango (2007). Fluoride sorption
using Morringa Indica-based activated carbon. [ranian
Journal of Environmental Health Science & Engineering,
4(1): 21-28.

Karthikeyan, M., Satheesh Kumar, K.K. and K.P. Elango
(2011). Batch sorption studies on the removal of fluoride
ions from water using eco-friendly conducting polymer/
bio-polymer composites. Desalination, 267: 49-56.

Kumar, E., Bhatnagar, A., Kumar, U. and M. Sillanpaa (2011).
Journal of Hazardous Materials, 186: 1042-1049.

Lagergren, S. (1898). About the theory of so-called
adsorption of soluble substances. Kungliga Svenska,
Vetenskapsakademiens, Handlingar, 24(4): 1-39.

Langmur, I. (1918). The adsorption of gases on plane surfaces
of glass, mica, and platinum. Journal of the American
Chemical Society, 40: 1361-1368.

Lapuente, R., Cases, F., Garces, P., Morallon, E. and J.L.
Vazquez (1998). A voltammetric and FTIR-ATR study of
the electropolymerization of phenol on platinum electrodes
in carbonate medium: Influence of sulfide. Journal of
Electroanalytical Chemistry, 451: 163-171.

Leon y Leon, C.A. and L.R. Radovic (1994). Interfacial
chemistry and electrochemistry of carbon surfaces. In:
Thrower, P.A. (ed.) Chemistry and Physics of Carbon,
Marcel Dekker, New York, 24: 213-310.

Lhassani, A., Rumeau, M., Benjelloun, D. and M. Pontie
(2001). Selective demineralization of water by nanofiltration
application to the defluoridation of brackish water. Water
Research, 35: 3260-3264.

Liu, J., Xu, Z., Li, X., Zhang, Y., Zhou, Y., Wang, Z.
and X. Wang (2007). An Improved process to prepare
high separation performance PA/PVDF hollow fiber
composite nano filtration membranes. Separation and
Purification Technology, 58: 53-60.

Lounici, H., Addour, L., Belhocine, D., Grib, H., Nicolas,
S. and B. Bariou (1997). Study of a new technique for
fluoride removal from water. Desalination, 114: 241-251.

Lounici, H., Belhocine, D., Grib, H., Drouiche, M., Pauss,
A. and N. Mameri (2004). Fluoride removal with electro-
activated alumina. Desalination, 161: 287-293.

Mahramanlioglu, M., Kizilcikli, I. and 1.O. Bicer (2002).
Adsorption of fluoride from aqueous solution by acid
treated spent bleaching earth. Journal of Fluorine
Chemistry, 115: 41-47.

Mameri, N., Lounici, H., Belhocine, D., Grib, H., Prion,
D.L. and Y. Yahiat (2001). Defluoridation of Sahara Water
by small electro coagulation using bipolar Aluminium
Electrodes. Separation and Purification Technology, 24:
113-119.

Marsh, H. and F. Rodriguez-Reinoso (2006). Activated
Carbon. Elsevier Science & Technology Books.

Meenakshi, S. and N. Viswanathan (2007). Identification of
selective ion-exchange resin for fluoride sorption. Journal
of Colloid and Interface Science, 308: 438-450.

Meldrum, B.J. and C.H. Rochester (1990a). In situ infrared
study of the surface oxidation of activated carbon
dispersed in potassium bromide. Journal of the Chemical
Society, Faraday Transactions, 86: 2997-3002.

Meldrum, B.J. and C.H. Rochester (1990b). In situ infrared
study of the surface oxidation of activated carbon in
oxygen and carbon dioxide. Journal of the Chemical
Society, Faraday Transactions, 86(5): 861-865.

Menendez, J.A., Suarez, D., Fuente, E. and M.A. Montes-
Moran (1999). Contribution of pyrone-type structures to
carbon basicity: Theoretical evaluation of the pK(a) of
model compounds. Carbon, 37: 1002.

Mjengera, H. and G. Mkongo (2003). Appropriate
defluoridation technology for use in fluorotic areas in
Tanzania. Physics and Chemistry of the Earth, 28: 1097-
1104.

Monika, J., Garg, V. and K. Kadirvelu (2009). Chromium
(VI) removal from aqueous solution, using sunflower stem
waste. Journal of Hazardous Materials, 162: 365-372.

Moreno-Castilla, C., Carrasco-Marin, F., Maldonado-Hodar,
F.J. and J. Rivera-Utrilla (1998). Effects of non-oxidant



48 M. Suneetha et al.

and oxidant acid treatments on the surface properties of
an activated carbon with very low ash content. Carbon,
36(1-2): 145-151.

Nageswara Rao, M., Chakrapani, Ch., Rajeswara
Reddy, B.V., Suresh Babu, Ch., Hanumantha Rao, Y.,
Somasekhara Rao, K. and K. Rajesh (2011). Preparation
of activated Kaza’s Carbons from Bio-Materials and their
Characterization. International Journal of Applied Biology
and Pharmaceutical Technology, 2(3): 610-618.

Namasivayam, C. and K. Kadirvelu (1997). Agricultural solid
wastes for the removal of heavy metals: Adsorption of Cu
(I) by coir pith carbon. Chemosphere, 34(2): 377-399.

Namasivayam, C. and K. Kadirvelu (1994). Coir pith, an
agricultural waste by-product, for the treatment of dyeing
waste water. Bioresource Technology, 48: 79-81.

Nawlakhe, W.G., Kulkarni, D.N., Pathak, B.N. and K.R.
Bulusu (1975). Defluoridation of Water by Nalgonda
Technique. Indian Journal of Environmental Health, 17:
26-65.

Newcombe, G., Hayes, R. and M. Drikas (1993). Granular
activated carbon: Importance of surface properties in the
adsorption of naturally occurring organics. Colloids and
Surfaces A: Physicochemical and Engineering Aspects,
78: 65-71.

Nunes, A., Franca, S.A. and L.S. Olievera (2009). Activated
carbon from waste biomass: An alternative use for biodiesel
production solid residues. Bioresource Technology, 100:
1786-1792.

Onyango, M.S., Kojima, Y., Aoyi, O., Bernardo, E.C. and
H. Matsuda (2004). Adsorption equilibrium modeling and
solution chemistry dependence of fluoride removal from
water by trivalent-cation-exchanged zeolite F-9. Journal
of Colloid and Interface Science, 279(2): 341-350.

Ozacar, M. and [.A. Sengil (2005). A kinetic study of metal
dye sorption on to pine saw dust. Process Biochemistry,
40: 565-572.

Ozcan, A. and A.S. Ozcan (2005). Adsorption of Acid Red 57
from aqueous solutions onto surfactant-modified sepiolite.
Journal of Hazardous Materials, 125: 252-259.

Painter, P., Starsinic, M. and M. Coleman (1985).
Determination of functional groups in coal by Fourier
transform interferometry, Fourier transform infrared
spectroscopy. Academic Press, New York. 4: 169-189.

Papirer, E., Li, S. and J.B. Donnet (1987). Contribution to
the study of basic surface groups on carbons. Carbon,
25(2): 243-247.

Park, S.H., McClain, S., Tian, Z.R., Suib, S.L. and C.
Karwacki (1997). Surface and bulk measurements of
metals deposited on activated carbon. Chemistry of
Materials, 9: 176-183.

Puziy, 1., Poddubnaya, O., Martinez-Alonso, A., Suarez-
Garcia, F. and J. Tascon (2003). Synthetic carbons
activated with phosphoric acid III: Carbons prepared in
air. Carbon, 41: 1181-1191.

Raichur, A.M. and M.J. Basu (2001). Adsorption of
fluoride onto mixed rare earth oxides. Separation and
Purification Technology, 24: 121-127.

Rajeshwari, S., Sivakumar, S., Senthilkumar, P. and V.
Subburam (2001). Carbon from cassava peel, an agricultural
waste, as an adsorbent in the removal of dyes and metal
ions from aqueous solutions. Bioresource Technology,
81: 1-3.

Ramachandramurthy, T. (2003). Fluoride estimation in potable
water in Tiruchurapalli rock fort area: Dental fluorosis
survey and defluoridation with Emblica phyllanthus.
Indian Journal of Environmental Protection, 23(3): 317-
320.

Reardon, E.J. and Y. Wang (2000). A limestone reactor
for fluoride removal from waste waters. Environmental
Science & Technology, 34: 3247-3253.

Rozada, F., Otero, M. and 1. Garcia (2005). Activated carbons
from sewage sludge and discarded tyres: Production and
optimization. Journal of Hazardous Materials, 124(1-3):
181-191.

Sai Sathish, R., Sairam, S., Guru Raja, V., Nageswara Rao,
G. and C. Janardhana (2008). Defluoridation of Water
Using Zirconium Impregnated Coconut Fiber Carbon.
Separation Science and Technology, 43(14): 3676-3694.

Sairam Sundaram, C., Viswanathan, N. and S. Meenakshi
(2009). Defluoridation of water using magnesia/chitosan
composite. Journal of Hazardous Materials, 163(2-3):
618-624.

Savinelli, E.A. and A.P. Black (1958). Defluoridation of Water
with Activated Alumina. Journal of American Water Works
Association, 50: 34-44.

Seethapathirao, D. (1964). Defluoridation of water
using sulphated coconut shell carbon. Indian
Journal of Environmental Health, 64: 11-12.

Sehn, P. (2008). Fluoride removal with extra low energy
reverse osmosis membranes: Three years of large scale
field experience in Finland. Desalination, 223: 73-84.

Shin, S., Jang, J., Yoon, S.H. and I. Mochida (1997). A study
on the effect of heat treatment on functional groups of
pitch based activated carbon fiber using FTIR. Carbon,
35(12): 1739-1743.

Simons, R. (1993). Trace element removal from ash
dam waters by nanofiltration and diffusion dialysis.
Desalination, 89: 325-341.

Singh, G., Kumar, B., Sen, PK. and J. Maunder (1999).
Removal of fluoride from spent pot liner leachate using
ion exchange. Water Environment Research, T1: 36-42.

Srimurali, M., Pragathi, A. and J. Karthikeyan (1998). A study
on removal of fluorides from drinking water by adsorption
onto low-cost materials. Environmental Pollution, 99:
285-289.

Starsinic, M., Taylor, R.L., Walker Jr., P.L. and P.C. Painter
(1983). FTIR Studies of Saran Chars. Carbon, 1(1): 69-74.



Extraction of Fluoride from Polluted Waters Using Active Carbon from Stems of Acalypha indica 49

Suarez, D., Menendez, J.A., Fuente, E. and M.A. Montes-
Moran (1999). Contribution of Pyrone-Type Structures to
Carbon Basicity: An ab initio Study. Langmuir, 15: 3897.

Sunil Kumar, Asha Gupta and J.P. Yadav (2008). Removal
of Fluoride by thermally activated carbon prepared from
neem (Azadirachta indica) and kikar (Acacia arabica)
leaves. Journal of Environmental Biology, 29(2): 227-232.

Temkin, M.J. and V. Pyzhev (1940). Recent modifications
to Langmuir isotherms. Acta Physiochim, U.S.S.R., 12:
217-222.

Tor, A. (2007). Removal of fluoride from water using anion-
exchange membrane under Donnan dialysis condition.
Journal of Hazardous Materials, 141, 814-818.

Viswanathan, N. and S. Meenakshi (2010). Enriched fluoride
sorption using alumina/chitosan Composite. Journal
of Hazardous Materials, 178: 226-232.

Voll, M. and H.P. Boehm (1971). Basic surface oxides on
carbons. IV. Chemical reactions for the identification of
surface groups. Carbon, 9(4): 481-488.

Wang, Y. and E.J. Reardon (2001). Activation and regeneration
of a soil sorbent for defluoridation of drinking water.
Applied Geochemistry, 16: 531-539.

Weber Jr., W.J. and C. Morris (1963). Kinetics of adsorption on
carbon from solution. Journal of the Sanitary Engineering
Division, 89: 31-59.

WHO (2004). Guidelines for drinking water quality: Health
criteria and other supporting information. Vol. 2, Geneva,
Switzerland.

Xu Xiaotian, Li Qin, Cui Hao, Pang J., Sun Li, An Hao
and Zhai Jianping (2011). Adsorption of fluoride from
aqueous solution on magnesia-loaded fly ash cenospheres.
Desalination, 272: 233-239.

Yadav, A K., Kaushik, C.P., Haritash, A.K., Kansal, A. and R.
Neetu (2006). Defluoridation of drinking water using brick
powder as an adsorbent. Journal of Hazardous Materials,
128: 289-293.

Yang, T. and A. Lua (2003). Characteristics of activated
carbons prepared from pistachio-nut shells by physical
activation. Journal of Colloid and Interface Science,
267(2): 408-417.

Yongbin, Ji, Tichu, Li, Zhu, Li, Xiaoxian, Wang and Liu
Qilang (2007). Preparation of activated carbons by
microwave heating KOH activation. Applied Surface
Science, 254(2): 506-512.

Zawadzki, J. (1989). Infrared spectroscopy in surface
chemistry of carbons. In: Thrower, P.A. (ed.) Chemistry
and Physics of Carbon, Marcel Dekker, New York. 21:
147-380.

Zhang, P.C. and D.L. Spark (1990). Kinetics and mechanisms
of sulfate adsorption/desorption on goethite using pressure-
jump relaxation. Soil Science Society of America Journal,
54: 1266-1273.

Zhuang, Q.L., Kyotani, T. and A. Tomita (1994). DRIFT and
TK/TPD analyses of surface oxygen complexes formed
during carbon gasification. Energy & Fuels, 8: 714-718.



Asian Journal of Water, Environment and Pollution

Volume 12 Number 2 April — June, 2015
Contents

Editorial i

U Snapshot ii

Environmental Magnetism of Roadside Soil Contamination in the Restricted Bijyodaira Area
of Mt. Tateyama, Toyama, Japan
Kazuo Kawasaki, Keiji Horikawa and Hideo Sakai 1
Mobility of Toxic Elements in Crop and Agricultural Soil Treated with Municipal
Sewage Sludge
B.K. Mishra, Manisha, Rashi Gupta and Alok Sinha 13
Assessment of Environmental and Human Health Risk for Contamination of Heavy Metal
in Tilapia Fish Collected from Langat Basin, Malaysia
Lubna Alam, Mazlin Bin Mokhtar, Md. Mahmudul Alam, Md. Azizul Bari,
Nicholas Kathijotes,Goh Choo Ta and Lee Khai Ern 21
Climate Change Scenario in the Gujarat Region—Analyses based on LARS-WG (Long Ashton
Research Station-Weather Generator) Model
Jayanta Sarkar and J.R. Chicholikar 31
Hydro-geochemistry and Water Quality Assessment of Surface and Groundwater Resources
of Deogarh District, Jharkhand, India

Abhay Kumar Singh, G.C. Mondal, Mukesh Kumar Mahato and T.B. Singh 43
Effect of Flood on Water Resources in North-Central Nigeria
Joseph Terlumun Utsev, Chidozie Charles Nnaji and Mama Cordelia Nnennaya 59

Multivariate Analysis for the Water Quality Assessment in Rural and Urban Vicinity
of Krishna River (India)
Prakash Kengnal, M.N. Megeri, B.S. Giriyappanavar and Rahul R. Patil 73
Enhanced Water Quality Modelling for Optimal Control of Drainage Systems under SWMM
Constraint Handling Approach
Upaka Rathnayake 81
Prevalence of Antibiotic Resistant Enterobacteriaceae in Medical Gauze as Unseen Environmental
Pollutant
Devjani Banerjee, Tejas Gohil and Sarika Dudhat 87
Kitchen Air Pollution in India
Malavika Sinha 93

Q Short Note

Effect of Hingu-Pippali Yoga, a Herbal Formulation in Respiratory Disorders Caused by
Air Pollution in Traffic Police—A Pilot Study
Shilpa Bhosale and Sarita Kapgate 99

Environment News Futures 107




