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ABSTRACT

The aim of this research work is to develop a neathod for the removal of fluoride, from agueousisohs by
using indigenously prepared low cost activated carbke Pithacelobiumdulce carbon (PLDC). The dffa@rious
factors like pH, dose of the adsorbent, adsorbatecentration and contact time have been investijatgng a
batch adsorption technique. The amount of fluorel@oval increased with decrease in the initial cemication of
fluoride and also increased with increase in cohtime, amount of adsorbent used and the initial gHthe
solution. Adsorption data were modeled using theuRdlich and Langmuir adsorption isotherms andofelid first
order kinetic equation EdF/dt= Kr (F). The experimi@ results produced a straight line fit with alatively good

correlation coefficient (R indicating the acceptability of the model for stedied indigenously prepared activated
carbon fluoride system. The kinetics of adsorpti@s found to be first order with regards to intrarficle diffusion
rate.

Keywords. Adsorption; Activated carbons-indigenously prepafecundlich and Langmuir adsorption isotherms;
Intra-particle diffusion

INTRODUCTION

Fluoride in drinking water has an intense effect teleth and bones. Fluoride displaces hydroxide ifsom
hydroxyapatite, Ga(PQ;)30H, the principal mineral constituent of teeth iarticular the enamel) and bones, to form
the harder and tougher fluoroapatite; Qy)3F. This will be useful in strengthening the enbmieen it is present in
low quantity. However, fluoroapatite is an ordernségnitude less soluble than hydroxyapatite, ankligit fluoride
concentration the conversion of a large amounthef ltydroxyapatite into fluoroapatite makes theheamtd (after
prolonged exposure) the bones denser, harder angl Ipnittle. In the teeth this causes mottling antbettlement, a
condition known as dental fluorosis. With prolongexposure [1] at higher fluoride concentrationstdefluorosis
progresses to skeletal fluorosis. Due to the inglsevolution high concentration of fluoride irater bodies causes a
great damage to human life. High fluoride conceditrg in groundwater, up to more than 30 mg/L, oosidely,
notably in the United States of America, Africa aisia [2-11]. Indigenously prepared activated cagbplay a vital
role in adsorption.

The surface chemical structure and their largeaserfarea allow them to be used in a wide varietyndbistrial
applications, some of the most important dealinthwhe environmental field and particularly with temapurification
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and industrial wastewater cleaning [12-IB¢-fluoridation was reported by adsorption[17] jieal treatment [18,19],
ion exchange [20] membrane separation [21,22],traligtic de-fluoridation [23] and electro dialysis [24-26] etc.
Among various processes, adsorption was reportebleteffective [27]. Investigators reported varidypes of
adsorbents namely activated carbon, minerals, e char coal, coconut shell carbon and rice lwaskon, with
different degrees of success [17,28-32] S.Venkathan[33] reported that fluoride is removed from aquephase by
biosorption onto algal biosorbent spirogyra sp.Ed@ 101.

The purpose of the present work is to study thetidés of adsorption of fluoride on indigenously pmeed activated
carbon from plant materials and to compare the rptisn capacity for the removal of fluoride undgstimum
experimental conditions with CAC. Therefore thigastigation is mainly concentrating on kineticsadéorption of
fluoride on indigenously prepared activated cartmfind out the possibility of using these carbawats materials
as low-cost adsorbent for the removal of fluoride.

MATERIALSAND METHODS

2.1. Preparation of activated carbon.

Inorder to prepare the activated carbons the ratemahwere procured locally, washed with doublstided water

at room temperature, dried, cut into small pieaed dried. The waste materials were carbonized eneflctrical
conventional heating reactor by two stages carladioz process known as low temperature carbonizatial high
temperature carbonization in the range of 250-8D0Gnd 600-808C respectively [34]. The materials were placed
in closed stainless steel vessels by maintainiegt iconditions and pyrolysis was carried out at 200for 30
minutes followed by next stage to develop the mize structure so that an accessible internal sairéauld be
created.

The carbonized product was treated with 0.5 Maigid for the removal of unwanted materials. Ttiel avashed
product was thoroughly washed with hot distilledtevato remove acidity. Indigenously prepared carlioums
produced was thermally activated at £ for 5 hour in an air oven. The product was findried and sieved to
get various particle sizes [35]. The material Comuia¢ Activated Carbon (CAC) was supplied by E.Mermdia.
Anhydrous sodium fluoride of laboratory reagentligyasupplied by Ranboxy Laboratories Ltd., Inavas used as
an adsorbate and was not purified prior to use.tl¥dl other chemicals used in this study were reagete and
supplied by BDH (India). Double distilled water wasployed for preparing all the solutions and retge

2.2. Adsorption Experiments:

221 mg of anhydrous NaF was dissolved in one difatistilled water to prepare the stock solutiorcofcentration
100 mg L*. Fluoride test solution of concentration 5 mg was prepared from the stock solution. The normal
concentration of fluoride which is present in grdumater is 5mg [* and therefore this concentration was selected.
All the experiments were carried out in 250 mL cahiflasks with 100 ml test solution at room tengbere (28 + 3
°C). These flasks, along with test solution and dutsat, were shaken in a horizontal shaker, to sthdyvarious
parameters. At the end of desired contact time ctivécal flasks were removed from the shaker, dimvad to
stand for 5 min for the adsorbent to settle. Subsetdy, samples were filtered using Whatman Nofild& paper
and filtrate was analyzed for residual fluoride camration by SPADNS method, described in the Stahd
Methods of Examination of Water and Wastewater .[B&juilibrium studies have been made at room teatper

(30+ 19C) by employing the batch adsorption technique tidl experiments were carried out at specifiednaymti
conditions. Adsorption Experiments have been edradut with a view to determine the impacts of éfffects like
pH, contact time, dose and initial concentratiorfladride. The data have been analyzed in the ligradsorption
isotherms, adsorption kinetic equations and intndigle diffusion model.

RESULTSAND DISCUSSION

3.1. Effect of pH

The pH of the aqueous solution is an important radlimg factor in the adsorption process and thes tole of
hydrogen ion concentration is examined at diffeq@itlevels of 4, 5,6,7,8 and 9 which is maintaitwdadding 1
X10N solutions of HCl and NaOH with 50 ml of standaalution of 5ppm of fluoride with a contact time 20

minutes and PLDC dose is 3g/L. The experimentallteare present in Table 3.1 and the influenchef{pH on the
sorption rate is shown in figure 3.1. It is obserfem the figure that the percent removal is phpatelant. The
results obtained show that the maximum efficienicgercentage of fluoride removal is 81.60, for PLBIGH 9.00,
where as in case of CAC the maximum percent rerniev&.20. In all the cases the percent removakased from
acid media to basic media but after pH level 7eédglrcent removal vary very little. The percentoeat of fluoride

is almost double at a pH 9.00 when compared withtCCAhe results agree well with those reported heist

Muthukumaran [37] reported an optimum pH of 9.0 fluoride adsorption on to chemically activated baar.
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Mariappan [38] reported an optimum pH of 8.5 faroflide adsorption on to alum activated carbons Gitdbsite.
Karthikeyan [39]reported an optimum pH of 7.0 fawokide adsorption on to Activated alumina. Murudd0]
reported at an optimum pH of 7.0 for fluoride agiéimn on to Indian Aloe. Prasad [41] and Kishorg][#eported
an optimum pH of 9.0 for fluoride adsorption onBiehhornia species, Mango Shells Carbon, MaizelSlkalbon
and Delonix regia tree dry fruit carbon respectivélence further studies were conducted with ti$@alues.

Table 3.1: Effect of adsorbate pH on the % removal of fluoride by adsor ption with prepared carbon

bH Ce % Removal
PLDC | CAC| PLDC| CAC
400 | 1.77 3.60] 64.60 28.0
5.00 1.45 3.30 71.0Q 34.0
6.00| 1.20 3.16/] 76.00 36.8
7.00| 0.99 3.09|] 80.20 38.2
8.00 0.95 3.01 81.0(Q 39.8
9.00| 0.92 2.99| 81.60 40.2

[l eoNeoNoNeNe]

Figure 3.1 Plots showing the relationship between pH of initial fluoride and % removal by adsor bents
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3.2 Effect of agitation time

In the adsorption system contact time plays a viikd, irrespective of the other experimental pagtars that affect
the adsorption kinetics. In order to study the kaseand dynamics of adsorption of fluoride by was adsorbents,
the adsorption experiments are conducted and tleateaf removal of fluoride is known by varying tbentact time
(range: 10 - 120 minutes) by keeping pH 7, fluod@centration of 5ppm and dose of 3g/L for PLD@GCand
the results are given in Table 3.2

The percentage fluoride removal at different tinresworked out using equation (1)

Percentage removal = 100{C)/ C; ______. (1)

and a plot was prepared between the percentagaarsidie removal and contact time and is represkmedigure
3.2. It can be noted that the percentage fluoraheoval is increasing with time and attained alnamsequilibrium
condition (at which the rate of adsorption of selig equal to the rate of desorption). In aboutn#futes the
decreasing removal rate, particularly towards thd edicates a possible monolayer of fluoride oe thuter
interface of the ACs and pore (Intra-particle) asibn on to the inner surface of the adsorbenighestthrough the
film due to continuous agitation maintained durihg experiments [43]. The removal of fluoride bggtd adsorbent
samples is rapid at the initial period but becoslesv and almost stagnates with the increase irctimeact time.
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The relative increase in the extent of removallwdride is substantially low after 40 minutes oftact time by the
adsorbents, which is fixed as the optimum contawt.t This indicates that the rate of removal obflde is higher
in the initial stage due to the availability of gdate surface area of the adsorbent. With increasentact time and
due to the decrease in the availability of actitesshe adsorption process decreases.

The higher initial rate of removal may be occurriohge to the vacant adsorption sites, high soluteeatration
gradient and the electrostatic affinity between #usorbent and the solute adsorbate. It is obseineed the
equation (2) that the rate of change of fluoridacemtration is proportional to the fluoride coneatibn remaining
(residual concentration) in solution which can batmematically expressed according to the followfingt order
equation [44]:

dF/dt=Kr (F) e @)

Where dF /dt — rate of change in fluoride conceiutnain solution, mg/L, Kr — rate constant, minutef — fluoride
concentration in solution, mg/L, and ‘t' — contéicte (minutes.).

The modified rate constant value was determineceggession analysis and found to be 0.009 / 40 teénWVith B
value 0.9252, defluoridation capacity of adsorbaith contact time is presented in figure 3.2.Thpawity varies
from 0.89 to 1.38 mg/g for PLDC, for CAC 0.28 t&8.mg/g for the contact time of 10 to 120 minutée relative
increase in the extent of removal of fluoride ibstantially low after 40 minutes of contact timethg adsorbents,
which is fixed as the optimum contact time. Thepared carbons have 2 to 3 time’s higher adsorpéiqacity than
CAC.

Table 3.2: Effect of agitation time on the percent removal of fluoride by adsor ption with prepared carbon

Time (Minutes.) Ce % Removal Qe
“| PLDC | CAC| PLDC| CAC| PLDC| CAC
10 2.31 4.14 53.84 17.20 0.8973 0.2867
20 1.67 3.66| 66.68 26.80 1.1113 0.4467
30 1.33 3.40 73.32 32.00 1.2220 0.5333
40 1.17 3.21 76.62 35.80 1.2770 0.5967
50 1.05 3.04| 78.96 39.2p 13160 0.6533
60 0.96 3.00 80.72 40.00 1.34%3 0.6667
90 0.91 2.99| 8188 40.2D 1.3647 0.6700
120 0.85 3.09 83.0§ 38.20 1.3843 0.6367

Figure 3.2: Effect of agitation time on the percent removal of Fluoride by adsor bents
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3.3. Effect of adsorbent concentration (Dose)
The percentage removal of fluoride by adsorptionthiy selected adsorbent is obtained with variousesiof
adsorbents (range: 0.5 — 9.0 g/L), with optimuntiahiconcentration of fluoride (5 ppm) and contéiche (40

minutes) at 3@ 10C, pH 7. Fluoride uptake by selected adsorbent®(®Lland CAC) as a function of adsorbent
concentration (Dose) is depicted in figure 3.3 &able 3.3.

The percentage removal of fluoride increases witligase in dose of adsorbent and it is due toritrease in the
availability of number of active sites owing to tinerease in the effective surface area resultiamfthe increase in
dose of adsorbent and conglomeration of the adsbiiseticles, especially at the higher doses obdmsnt [45].
Dose, at which the percentage of removal is maxipigiixed as the optimum dose of adsorbent. The lpttween
the logarithmic values of percentage removal argkdd adsorbent was also found to be linear withaorelation
coefficient. The amount adsorbed was found to wvétly functional power term of dose of adsorbenttha present
investigation relative percentage removal of flderis found to be insignificant after a dose of @@L for PLDC
and CAC, so it is fixed as optimum dose of adsarben

Table 3.3: Effect of adsorbent concentration on the removal of fluoride from fluoridated water (Ce = Equilibrium concentration of
adsor bate (mg/L ), Qe = Adsor bent concentration (mg/g.)

AdsorberDose (g/L Ce% Rem. Qe Log (% Rem)

0.50 1.97 60.605.0600 1.78
1.00 1.64 67.208.3600 1.82
150 1.41 71.8@.3933 1.85
2.00 1.24 75.201.8800 1.87
2,50 1.15 76.961.5392 1.88
3.00 1.08 78.401.3067 1.89

PLDC 3.50 1.03 79.401.1343 1.89
4.00 0.97 80.601.0075 1.90
4.50 0.91 81.800.9089 1.91
5.00 0.85 83.000.8300 1.91
7.00 0.79 84.200.6014 1.92
9.00 0.78 84.400.4689 1.92
0.50 4.60 8.00 0.8000 0.90
1.00 4.06 18.800.9400 1.27
150 3.60 28.000.9333 1.44
2.00 3.33 33.400.8350 1.52
2,50 3.12 37.600.7520 1.58

CAC 3.00 2.90 42.000.7000 1.62

3.50 2.80 44.000.6286 1.64
4.00 2.68 46.400.5800 1.67
450 2.60 48.000.5333 1.68
5.00 2.54 49.200.4920 1.69
7.00 2.54 49.200.3514 1.69
9.00 2.54 49.200.2733 1.69

3.4. Effect of initial adsor bate concentration

For a strict adsorptive reaction in the optimizedigd of contact the rate varies directly with ttencentration of
adsorbate. The capacity of the adsorbent mategets exhausted sharply with increase in initialofide

concentration

The adsorption capacity of treated bio-adsorberst systematically studied by varying the initial centration of
fluoride between 1-8mg/L by keeping pH 7, dose gfiL3for PLDC,CAC. The effect of initial concentrati of

fluoride on the extent of removal of fluoride inres of amount of the fluoride adsorbed on PLDC &#AdC are

given in Table 3.4 and figure 3.4 The amount adstrbxponentially increases while the percentageovam
exponentially decreases with the increase in Indtacentration of the fluoride. This indicatestthizere exists a
reduction in immediate solute adsorption owing he tack of available active sites on the adsorizemface,

compared with the relatively large number of ac8ites required for the high initial concentratmifluoride. The

results in Table3.4 indicate that when PLDC is useddsorbent, the percent removal decreases 8dif & 72.50
mg/g and the amount adsorbed increases from 0.296333 mg/g. But in the case of CAC, the percentoval

decreases from 32.00 to 10.00 mg/g . Similarlyaim®unt adsorbed increases from 0.1067 to 0.266@.mg/
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Figure 3.3: Effect of Dose on the percent removal of fluoride
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Figure 3.4: Effect of adsor bate concentration on the percent removal of fluoride
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Table 3.4: Effect of Adsorbate concentration on percent removal of fluoride and calculation of adsor ption isotherms

Ad,\?:;?:m Ci Ce  %Removal Qe Ce/Qe Log(Ce) Log(Qe)
1.00 0.11 89.00 0.2967 0.3708 -0.9586 -0.5277

2.00 0.31 84.50 0.5633 0.5503 -0.5086 -0.2492

3.00 0.57 81.00 0.8100 0.7037  -0.2441  -0.0915

PLDC 4.00 0.80 80.00 1.0667 0.7500 -0.0969  0.0280
5.00 1.02 79.60 1.3267 0.7688 0.0086 0.1228

6.00 134 77.67 15533 0.8627 0.1271 0.1913

7.00 172 75.43 1.7600 0.9773 0.2355 0.2455

8.00 2.2 72.50 1.9333 1.1379 0.3424 0.2863

1.00 0.68 32.00 0.1067 6.3750 -0.1675 -0.9720

2.00 1.46 27.00 0.1800 8.1111 0.1644  -0.7447

3.00 232 22.67 0.2267 10.2353  0.3655 -0.6446

4.00 3.20 20.00 0.2667 12.0000 0.5051 -0.5740

CAC 5.00 4.07 18.60 0.3100 13.1290 0.6096 -0.5086

6.00 5.02 16.33 0.3267 15.3673  0.7007 -0.4859
7.00 6.12 12.57 0.2933 20.8636  0.7868 -0.5326
8.00 7.20 10.00 0.2667 27.0000  0.8573 -0.5740

3.5. Adsor ption isother ms:

Adsorption isotherms are essential to know howrftie concentration will interact with prepared aamb and are
useful to optimise the use of activated carbonrasdsorbent. It also provides an approximate esitimaf the

sorption capacity of the adsorbents. Therefore,igeap equations (Freundlich and Langmuir isothenadel) are
important for adsorption data interpretations aretljztions. Both Freundlich and Langmuir isothermdels were
used for the evaluation of experimental results.

3.5.1 Freundlich isotherm:
The general form of Freundlich isotherm is as fod§46-48]
gKc' oo e (3)

The linearised Freundlich adsorption isothermfithe from
log (5]: log K + (1/n)log G~ --- (@)

where, K and 1/n are the Freundlich constantg,isjthe amount of fluoride adsorbed per unit weightthe
adsorbent (in mg/g) andgQs the equilibrium concentration of fluoride (ingfh) [49]. In the present adsorption

study the 1/n value for PLDC is 0.6145 and for Ci&@.1620. Linear plots of log Ce Vs log ge at diiat fluoride
concentrations are applied to confirm the applidgbof Freundlich isotherm model for the removdlfiooride are
shown in figure 3.5 and Table 3.5.

3.5.2 Langmuir isotherm [40, 48, 49, 50, 51]

Langmuir isotherm is based on the assumption aftbit of valence exists on the surface of theoduknt and that
each of these sites is capable of adsorbing oneaul@. Thus, the adsorbed layer will be one mo&¢thick.
Furthermore, it is assumed that all the adsorpmites have equal affinities for molecules of theabate and that
the presence of adsorbed molecules at one siteatilaffect the adsorption of molecules at an adjasite. The
Langmuir equation is commonly written as;

geabCe/(1+bCo,  —mmemee- (5)

where ge is the amount adsorbed (mg/g) and Cagigquilibrium concentration of adsorbate (mg/Lara b are
the Langmuir constants related to capacity andggnef adsorption, respectively. The linear forntlod Langmuir
isotherm can be expressed as,

l/ge=(1/a)+(L/baCe)  ----mmmmmmmmm- (6)

When 1{4e is plotted against T, a straight line with slope 4 is obtained which shows that the adsorption
follows the Langmuir isotherm as shownfigure.3.6The Langmuir constant®™ and @’ are calculated from the
slope and intercept with Y-axis. The isotherm patars along with the correlation coefficients (iues) for
adsorbents are calculated. The observed lineaiar$hips as evidenced by r-values close to ufit9q) confirm
that these two adsorption isotherms are applicable.
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Figure 3.5: Calculation of Freundlich isotherm for the removal of fluoride, Ce = Equilibrium concentration of adsorbatein mg/L, Qe =
Amount of fluorideion adsorbed by the adsor bent (mg/g)
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Figure 3.6: Calculation of Langmuir isotherm for the removal of fluoride, Ce = Equilibrium concentration of adsorbatein mg/L, Qe =
Amount of fluoride adsor bed by the adsorbent (mg/g)
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The applicability of Langmuir isotherm model indies the formation of monolayer coverage of adserbatouter
surface of the adsorbent. Further, the essentaiacteristics of a Langmuir isotherm can be exged$s terms of
dimensionless separation factor, and describety/fiecof isotherm defined by

R=1/@1+b§ e 7)
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where, G is the initial concentration of fluoride (in mg/and b is the Langmuir constant (in g/L). The safian
factor R indicates the isotherm’s shape and the naturéeoftisorption process as unfavorablg (R1), linear
(R = 1), favourable (0 < R< 1) and irreversible (R = 0). In the present study the value qf Rr PLDC is

0.4202 The value indicates that the sorption procesavsudrable for low cost adsorbent BMC than comméycia
activated carbon (CAC). From Table 3.5 it is fouhat theR? value for Langmuir model is near to unity (0.98ya
hence the process of defluoridation using treateestrbent follows the Langmuir isotherm well. Tald.5 gives

the calculations of Langmuir model for the remosfiluoride and the various constants of this model

Table 3.5: Adsor ption isotherm parameter s of the chosen adsor bents

Symbol

Isotherm Paramete PLDC CAC
Constant
K¢ 0.0204 | 0.6390
L 1/n 0.6145| 0.1620
Freundlich isotherm r 0.9984| 0.9973

R? 0.9967 | 0.9946
a(mg/g)| 0.0700 0.110%
b (g/L) | 0.2760| 0.235Q
Langmuir isotherm r 0.9993| 0.9154
RL 0.4202| 0.4597
R? 0.9909 | 0.9912

Figure 3.7: Calculations of Lagergren model for theremoval of fluoride from fluoridated water
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3.6 Adsorption Kinetics

3.6.1 Lagergren model

Adsorption of various compounds in aqueous systemooadsorbent is time dependant process. Adsaormio
solute on to sorbent can be described by threeecatige steps. First the adsorbate migrates throhuglsolution to
the exterior surface on the adsorbent particlemblecular diffusion, i.e. film diffusion. Secondithe solute move
from particles surface into interior site of paeidy pore diffusion and finally the adsorbate ds@bed onto the
active sites at the interior surface of the adsarparticle. As the final adsorption step is veapid the overall rate

233
www.scholarsresearchlibrary.com



K. A. Emmanue et al Der Pharma Chemica, 2015, 7 (2):225-236

of adsorption will be controlled either by film liion or by internal diffusion. The adsorptionsafiute from the
liquid phase to the solid phase can be considesedl reversible reaction with equilibrium establghetween the
two phases. The Lagergren first order rate expras@quation 8) that follows for both the systemd the same
has been used for the determination of a speeifecconstant as shown in figure.3.7.

Log (ge-q) = log ge — ( 1) /2.303  ------ @8)

where ge and g (both in mg/g) are the amount aftsadddsorbed solute adsorbed at any time, t (nshated at
equilibrium time respectively.

3.6.2 Intra-particle diffusion model: [41, 42, 48]

In a rapidly stirred batch reactor, the adsorbpesies are most probably transported from the bfitke solution to
the solid phase through Intra-particle diffusiomieth is often the rate limiting step in many sawsptiprocesses.
Applying the following intra-particle diffusion medialso tests the presence of intra-particle diffuprocess in the
present adsorption system.

The mode for Intra-particle diffusion is:
e kptl/2+C s ©)

where, @ is the amount of fluoride adsorbed per unit masthe adsorbent (in mg / g) at time t lnd c are

-1/2
respectively the Intra-particle diffusion rate ctamg (mg/g. minutes ) and the intercept. The values of amount of

fluoride adsorbed have been correlated with ltﬁenuinutesllz) for various adsorbents which are presented urdig
3.8. This has resulted in linear relationship adenced by the r-values which indicate the existenfcintraparticle
diffusion process. The calculated value Bfﬂar PLDC is (0.0953) and for CAC is (0.0837) whicldicate that the

intra-particle diffusion process is more signifitamPLDC system than in CAC system. The valuemitgrcept (C)
give an idea of boundary layer thickness, i.e. |énger the intercept, the greater the boundargrlajfect [52]. The
values of intercept decrease in the order PLDC £CA

Figure 3.8: Intra-particle diffusion plotsfor the removal of fluoride by adsor ption on various adsor bents
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CONCLUSION

In the present study, indigenously prepared lowt @alsorbents were studied for removal of fluorfdeEm
synthetic, as well as from groundwater sample. péeentage of removal of fluoride from aqueous temuby
PLDC and CAC are 81.60 and 40.20 respectively. ddpacity of the removal of fluoride depends notyam the
pH of the solution but also on the dose of the Hublsat, temperature etc., Isothermal data fitted wth the
Langmuir's adsorption isotherm model.Adsorptionflforide on all studied adsorbents from aqueousitiwi
followed first order reaction, and the mechanisniledride removal on adsorbents was found to beptern The
surface adsorption as well as intra-particle diffnscontributes to the rate-determining step. Caispa of PLDC
with CAC reveals that this adsorbent is economycakble for the removal of fluoride.

REFERENCES

[1] C.B. Dissanayakent. J. Environ. Studl991, 19, 195-203.

[2] W.Czarnowski, K. Wrzesniowska, J.KrechniakSci. of the Total Environ, 1996, 191,
177-184.

[3] N. Azbar, A. Turkmanyater Sci. and Techn&000, 42, 403—-407.

[4] W.Y. Wang R.B.Li, J.ATan, K.L. Luo L.S.Yang, HIR. Y.H.Li, Fluoride., 2002, 35,
122-129

[5] M.,Agarwal, K.Rai, R.Shrivastav, S.Dags Cleaner Produc2003,11, 439—-444.

[6] G.Moges, F.Zewge, , M.Sochdr.Afr. Earth Sci.1996,21, 479-482

[7] S.J. Gaciri, T.C.Davied, Hydrol, 1992,143, 395-412.

[8] T.Chernet, Y.Trafi V.VallesWater Res.2002, 35, 2819-2832.

[9]1 H. Mjengera, G. Mkongdrd WaterNet Symposium Water Demand Managemer8distainable Development.,
2002.

[10] W.K.N.Moturi, M.P.Tole, T.C.Daviegnviron. Geochem. and Healt2002, 24, 123-130.

[11]Apambire, W.B., Boyle, D.R., Michel, F.A&nviron.Geo] 1997,33, 13—-24.

[12] D.C Bansal, J.B. Donnet, and H.F Stoeckli, ActBarbon, Marcel Dekker, New Yo988.

[13]H.Jankowska ,A.Swiatkowski , J.Choma . Active Cart©hinchester: Ellis Horwood991.

[14]E. Bernardo, R. Egashira, J. Kawas&arbon, 1997,35 ,1217-1221,

[15]1. Gaballah, J. Hager, R. Solozabal (Edel¢tals and Materials Society, USE999.

[16]A.H. EI-Sheikh et al. J. Anal. Appl. Pyrolysis 2004,71, 151-164 . S.Rio, A. Delebarre, V. Hequet, P. Le, J.
Blondin, Journal of Chemical Technology and Biotechno|@&pp2, 77 ,382-388.

[17]A.M. Raichur, M.Jyoti Basu, sdpurif. Techn, 2001,24,121-12.

[18]E.J.Reardon, Y.Wangnviron.Sci.TechnoRP00,34,3247-3253.

[19] S. Sahayvater Res.]1993,27, 1347-1350.

[20]G. Singh, B. Kumar, P.K. Sen, J. Maundafater Environ. Res.1999,71, 36— 42.

[21] A. Dieye, C. Larchet, B. Auclair, C. Mar-Didpyr. Polym. J.,1998, 34 ,67-75,

[22] Z. Amer, B. Bariou, N. Mameri, M. Taky, S. NicoJas. Elimidaoui, Desalinatior2001, 133215-223.

[23] N. Mameri, H. Lounici, D. Belhocine, H. Grib, D.Prion, Y. YahiatSep. Purif. Technol2001,24,113-119,
[24] M. Hichour, F. Persin, J. Sandeaux, C. Gav8ep. Purif. Technol2000, 18, 1-11,

[25] M. Hichour, F. Persin, J. Sandeaux, C. Gav&s,. Sci. Eau1999, 12, 671-686,

[26] S.K. Adikari, U.K. Tipnis, W.P. Harkare, K.P. Gaodan,Desalinatio.,1989,71,301-312,

[27]S. Venkata Mohan, N. Chandrasekhar Rao, J. Kagthikd. Hazard. Mater2002,90 (2),189-204,

[28] K.S. Jayantha, G.R. Ranjana, H.R. Sheela, R. Mpd#rS. Shivanannij. Environ. Sci. Eng.2004, 46 (4)
,282-288.

[29] N. Prabavathi, T. Ramachandramoorthy, R. EdisamR3j Kavitha, C.Sivaji, R. SrinivasallEP, 2003, 23
(3), 304-308.

[30]S. Srimurali, A. Pragathi, J. Karthikeyah,Environ. Pollut.;1998,99, 285—-289.

[31]K. Muthukumaran, K. Balasubramanian, T.V. Ramakr&ihEP.,1995,15 (7),514-517.

[32]D.J. Killedar, D.S. Bhargavénd. J. Environ. Health1993,35 (2) 81-87,

[33]S. Venkata Mohan, S.V. Ramanaiah, B. Rajkumar ,.PSdrma Journal of Hazardous Materials,
2007,141,465-474.

[34]Ruchi Malik, Manisha Mukherjee, Aditya Swami, SipiRamteke and Rajkamal Sar204, 5(2), 75-80.
[35]U. S. Environmental Protection Agency “Processifedlanual for Carbon adsorption; Technology Transf
EPA,1973,625, 1-71-0029.

[36] APHA, 1998. Standard Methods for Examination of &aand Wastewater, P0edition. American Public
Health Association, Washington, DC, USA.

[37]K.Muthukumaran, N.Balasubramanian and T. Ramakaghdian Journal of Environmental protectid®95,
15 (7), 514 - 517.

235
www.scholarsresearchlibrary.com



K. A. Emmanue et al Der Pharma Chemica, 2015, 7 (2):225-236

[38]P.mariyappan,V.Yegnaraman and T.vasudevan , [283,23(9),975-985.

[39] G.Karthikeyan; Defluoridation studies of activatdmina and other adsorbents, LSI; National worépsbn
defluoridation technologies for fluorosis contr®ri Krishnadevaraya University, Ananthapur- Andheajesh,
India, proceedings1997, 23 -26.

[40]M.Murugan and E.Subramanian,Indian Journal of Emritental protection 2002, 22 (9), 970 — 977.
[41IN.V.V.S Prasad Ph.D thesiz)04.

[42]Kishore, M.Phil, thesis2004.

[43]D.S.Bhargava and D.J.Killidar,Res.J.WRB91,63(6),848-858.

[44]Wu, Yeun C. and Anan Nitya, ASCE, Env.Entf79, 105 (EE2),357-367.

[45]N. Kannan and K. Karuppasamy, Indian J. Envirort.P1698,683-686.

[46]M.Sarioglu, ZeoliteSeperation & Purification Technolog8005, 41,1-11.

[47] A.V.Jamode et aPol.Res2004, 23 (2): 239 — 250.

[48] K. Somasekhara Rao et dlEP, 2005, 25(9):824-828.

[49] N.Kannan and M.Meenakshi sundaraldEP ,2002,22(5): 495-499.

[50] N.Kannan. et aFreseniusEnv.Bulletin2001.

[51]S.Goswami et alChem.Env.Re2004,13(1&2): 117-126.

[52]W.J. Weber, Jr., Physico ,Wiley Inter science, Néwk 1972.

236
www.scholarsresearchlibrary.com



