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' ABSTRACT ’ The present study deals with ground water quality with respect to the fluoride content in water resources different district of

Odisha, India. Water samples were collected in different locations covering tap water, open wells, tube wells and lake waters.
Ground waters of Tube wells are highly polluted with fluoride in comparison to open wells. In tube wells contains 1.5-6.5> (mg/lit). The water supply
contains objectionable fluoride content i.e. 3.88 mg/lit. In view of the severity of the problem the defluoridation techniques need to be evolve to reduce
or minimize the fluoride concentration in drinking water. The fluoride removal for drinking water can be accomplished by different methods , for
example , coagulation-precipitation, membrane separation process, ion exchange adsorption techniques and so on . among these procedures,
membrane and ion exchange processes are not extremely regular because of its high establishment and support price. Other two techniques are
extremely regular in indina. Nalgonda procedure is one of the well known strategies generally utilized for defluoridation of water as a part of
developing nations, for example, India , Kenya, Senegal and Tanzania. Among different technique utilized for defluoridation water, the adsorption
procedure is broadly utilized and offers acceptable results and is by all accounts more appealing techniques for the removal of fluoride regarding
expense, straightforwardness of outline and operation. It is apparent from the literature study that different methods have indicated novel potential for
the removal of fluoride. The purpose of study was to prepare Biosorbents (Agar-agar ) from Algae collected from Chilika lake for defluoridation . The
isotherm and kinetic indicated the adsorbent fitted well with Langmuir isotherm and freundlich isotherm kinetic adsorption model resepectively The
result showed that the removal of fluoride by Biosorbent prepared id effective and could be used for defluoridation of drinking water.
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INTRODUCTION

Management of contaminants such as fluoride is a major public issue.
Fluoride of geogenic origin in ground water used as a source of drinking
water is a major concern because fluoride content above permissible
levels is responsible for human dental and skeletal fluorosis [11,12].
Consequently, water sources containing elevated levels of fluoride have
to be treated coagulation/precipitation, electro chemical, electrodialysis,
reverse osmosis, adsorption and hybrid processes combining adsorption
and dialysis are widely used deflu oridation techniques. Currently,
however, the development of cost effective and clean processes due to
economic constraints and stringent environmental policies is
desired[21,22] . Adsorption technique is arguably one of the most
versatile of all the defluoridation techniques due to a number of reasons
such as cost , diverse end-uses, socio-cultural acceptance, regulatory
compliance, environmental benignity and simplicity [6,7].
Accumulation of fluoride by algae had been studied extensively for
biomonitoring or bioremediation purpose .

Having the advantages of low cost raw material, big adsorbing
capacity, no secondary pollution , etc., algac may be used to treat
industrial water containing heavy metals[36,37,38]. The adsorption
processes were carried out in two steps: rapid physical adsorption first,
and then slow chemical adsorption. pH is the major factor influencing
the adsorption. The Freundlich equation fitted very well the
adsorption isotherms. The uptake decreased with increasing ionic
strength[9,10] . The principle mechanism of metallic cation
sequestration involves the formation of complexes between a metal
ion and functional groups on the surface or inside the porous structure
of the biological material. The carboxyl groups of alginate play a
major role in the complexation[5,8]. Different species of algae and the
algae of the same species may have different adsorption capacity. Their
selection affinity for heavy metals was major criterion for the
screening of a biologic adsorbent to be used in water treatment[23,24] .

The surface complex formation model (SCFM) can solve the
equilibrium and kinetic problems in the biosorption. Adsorption is the
bond of molecules species from bulk solution for a surface of ofasolid
by physical or chemical forces, Adsorption procedures include the
water's entry through a contact bed where fluoride is removed by ion
exchange or surface chemical reaction with the solid bed matrix. As
contrast with different procedures of defluoridation ,adsorption
method is prominent because of its straightforwardness and also
accessibility of extensive variety of adsorbents[1,2].Adsorption onto
solid surface is straightforward, flexible and suitable procedure for
treating drinking water systems, particularly for small groups.
Adsorption technique is efficient and can remove ions over an
extensive variety of pH to a lower leftover concentration than
precipitation. A few adsorbent materials have been attempted in tha
past to check their possibilities and techno-economic feasibility as
defluoridating specialists.

The poing of interest and restriction of adsorption are given below:
Interest 1. Ease of operation 2.Adsorption procedure id worthwhile 3.
High productivity for fluoride removal and can remove upto 90%
fluoride. Adsorption is one of the most widely applied techniques for
environmental remediation. Its kinetics is a great significance to
evaluate the performance of a given adsorbent and gain insight into the
underlying machanisms.An extensive increase in industrial activities
and environmental accidents in recent year have greatly contributed to
increasing metal pollution in water resources, thereby causing threats
to terrestrial as well as aquatic life. The toxicity of metal pollution is
slow and long lasting, as these metal ins are nonbiodegradable[13,14].

The most appropriate solution for controlling the biogeochemistry of
metal contaminants to produce high-quality treated effluents from
polluted waste waters is sorption technique. Agar-agar, a readily
available seaweed, was used as sorbent for the removal of Mn (11) and
Co (Il) from aqueous media[41,42]. Batch experiments were
performed to study adsorption as a function of process parameters:
sorption time, initial pH, concentration of sorbate and
sorbent[28,29,30].

MATERIALSAND METHODS

The sorption isotherm and kinetics experiments were performed by
batch adsorption experiments and were carried out by mixing 1.25g
(obtained by the study effect of adsorbent dose) of sorbent with 100 mL
of sodium fluoride containing 3 mg/L as initial fluoride concentration.
The mixture was agitated in a thermostatic shaker at a speed of 250 rpm
at room temperature. The defluoridation studies were conducted for
the optimization of various experimental conditions like contact time,
initial fluoride concentration, adsorbent dose, particle size and
influence of coions with fixed dosage[39,40]. The reagents used in this
present study are of analytical grade. A fluoride ion stock solution (100
mg/L) was prepared and other fluoride test solutions were prepared by
subsequent dilution of the stock solution. All the experiments were
carried out at room temperature. Fluoride ion concentration was
measured with a specific ion selective electrode by use of total ionic
strength adjustment buffer 11 (TISAB 1l) solution to maintain pH 5-5.5
and to eliminate the interference effect of complexing ions[3,4]. The
pH of the samples was also measured by Orion ion selective
equipment. All other water quality parameters were analyzed by using
standard methods. Kinetic studies of sorbent were carried out in a
temperature controlled mechanical shaker. The effect of different
initial fluoride concentration viz., 2,4,6,8 and 10 mg/L at four different
temperatures viz., 303,313,323and 33k on sorption rate were studied
by keeping the mass of sorbent as 1.25 g and volume of solution as
100ml in neutral pH.

Characterization of sorbents:
The X-ray diffraction (XRD) pattern of adsorbent was obtained using
a Bruker AXS D8 Advance , Inst ID: OCPL/ARD/26-002 X-ray
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diffractometer. Fourier transform infrared spectra were recorded using
Nicolet 6700 , Thermo Electronic corporation USA made
spectrophotometer. The scanning electron microscopy (SEMO )
analysis performed using a Philips XL-20 electron microscope.
Computations were made using Microcal Origin (Version 6.0)
software[31,32,33]. The accuracy of fit are discussed using regression
correlation coefficient (r) and chi-square analysis (SSE). The chi-
square statistic test is basically the sum of the square of the difference
between the experimental data and data obtained by calculating from
the model , with each squared difference divided by the corresponding
data obtained by calculating from the models[43] .

RESULTAND DISCUSSION

Langmuir isotherm

The Langmuir isotherm assumes monolayer adsorption onto a surface
containing a finite number of adsorption sites of uniform strategies of
adsorption with no transmigration of adsorbate in the plane of a
surface. The Langmuir equation is useful for the estimation of
maximum adsorption capacity corresponding to complete monolayer
coverage expressed by:

. qmbc
Qe = 1+bc

Thelinear of equation 1is given as:

Cp 1 Cp

de - dmbD m

Where, Ce is the equilibrium concentration of the adsorbate (mg/L), e
q is the amount of adsorbate adsorbed per unit mass of adsorbent
(mg/g), qm and b are Langmuir constants related to adsorption
capacity or the amount of a solute adsorbed per unit mass of the
adsorbent for monolayer coverage of the surface and heat of adsorption
or the binding strength, respectively[15,16,17]. The higher the value of
b the higher is the affinity of the adsorbent for the adsorbate. The
constants can be determined from the slope and intercept of the Ce/qe
versus Ce plot. The slope of the straight line, gives 1/qm and the
constant b can be determined from the intercept. Figure-2 shows
Langmuir isotherm model fit.

for the experimental data. The result of the Langmuir isotherm model
shows that the experimental data well fitted to the model with a
correlation coefficient (R2) greater than 0.97. The maximum sorption
capacity corresponding to complete monolayer coverage is found to be
18.62 mg F-/g and the constant b related to adsorption intensity is 0.3
83 L/mg.

The essential characteristics of Langmuir isotherm can be expressed in
terms of a dimensionless constant, RL.

1

1™ 14be

Where Co is the initial concentration in mg/L and b is the Langmuir
constant (L/mg).

According to Hall et al. the parameter, RL indicates the shape of the
isotherm such that:

if RL> 1 itisunfavorable,

ifRL=1itislinear,

ifRL=0<RL<l itis favorable.

Adsorption of fluoride on the adsorbent under the experimental
conditions is favorable, as the value of RL in all cases is between O and 1.

Freundlich Isotherm

The basic assumption of this model is that there is an exponential
variation in site energies of the adsorbent. The Freundlich equation is
presented below in both the standard form and linearized form,
respectively[25,26,27].

1
Qe = kfce/n

Rearranging equation (4)
log(qe) = log(kg) + >log (ce)

Where,qe is the amount of fluoride adsorbed per unit mass of adsorbent
(mg/g) at equilibrium, Ce is the equilibrium fluoride concentration
(mg/L), KF and n are Freundlich constants indicative of adsorption
capacity (mg/g) and adsorption intensity, respectively. When log (qe)
versus log (Ce) is plotted a straight line with slope 1/n was
obtained[19,20]. Thus, the constants adsorption intensity and
adsorption capacity can be determined from the slope and intercept of
the graph, respectively.

Figure-3 shows Freundlich isotherm model fit of the experimental
data. TheFreundlichparameters along with correlation coefficients
were obtained for the adsorbent (Table-2). The result indicated that the
experimental fluoride adsorption data well fitted to this model with the
correlation coefficient of 0.9529, suggesting that the average energy of
adsorption is decreasing with increasing adsorption density witha
minimum adsorption capacity of 4.48 mg/g and adsorption intensity, n
of 1.67.The value of n obtained, lies between 1 and 10 indicating
Freundlich favorable sorption[18,34,35]. Theincrease in equilibrium
fluoride removal capacity with residual fluoride concentration
observed indicated the heterogeneous nature of adsorbent surface
which is characteristics of adsorption following Freundlich isotherm
model fit.

Table-1: Pseudo-second Order Rate Constants, Rate Equations,
Correlation Coefficients And Their Averages For The Three
Different Initial Fluoride Concentrations Of Same Loadings

Initial F con. and adso. dose | k;(g mg ' min”) | Rate equation | R

0mg/L F with 1 gLdose | 21976x 107 | Uq,= 05976+ 0.11461 | 0.0999
WmgLF with 2gldose | 36695x 107 | Ugy= 03579+ 01077t | 0.9998
40mg/LF with4 g/l dose | 4.5396x 10~ Vg, = 0.2893 + 0.1040t | 0.9998
Average 34689107 | g,= 04138 +0.10881 | 0.9998

Table-2: Summary of Freundlich, Langmuir and
Dubinin—Radushkevich isotherm model constants and correlation
co efficients for adsorption of fluoride

Isotherm Constants Correlation
model cocfficient (R7)
bil/mg) Qe (Mg/g)
Langmuir 0.9712
038344 | 18.62
Freundlich Ky (mg/g) n
0.9529
448177 1.67
Dubinin-Radushkevich q. (mg/g) E (kl/mol) 0.9644
(D-R)
99.87 9.71
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Fig.1: Adsorption isotherm of different initial F- concentration
(Adsorbent dose =4 g/L, contact time =4 h, pH="7.0 £ 0.20) (Data
for triplicate measurements)
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Fig.2: Linear Langmuir isotherm (Adsorbent dose =4 g/L, contact
time=4h,pH=7.0£0.20)
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Fig.3 : Linear Freundlich isotherm (Adsorbent dose = 4 g/L,
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Fig. 4 : Dubinin-Radushkevich isotherm (Adsorbent dose =4 g/L,
contacttime=4h, pH=7.0+0.20,T=20°C)

CONCLUSION

Presence of excess fluoride in drinking water is responsible for various
fluoride related diseases in community. The WHO prescribed limit for
fluoride in drinking water is 1.5 mg L". Ground water contributes
nearly 80% of the drinking water requirement all over the world.
Different processes as well as materials have been developed for
removal of fluoride from drinking water/water bodies. The major
techniques/methods include chemical reaction, adsorption, osmosis,
and ion-exchange among which adsorption is the operationally most
simple, cost effective and sustainable for use among community.
Although a number of adsorbents with appreciable defluoridating
capacity have been developed by various researchers/group of
researchers, only a few are successful at implementation level due to
various reasons. Thus, the specific conclusions can be summarized as
follows:

High fluoride in ground water cause health hazard. In Odisha incidence
ofhigh fluoride content ground water (>1.5mg/L) is not

uncommon in both shallow and deeper water bearing zones. Fluoride
data analysis of tube wells, open wells and river water of villages
blocks and gram panchayats ranges from 1-6 (mg/L). In majority of the
cases 1-1.5 (mg/L) was prevalent. However large number of cases
starting from school children to old age people affected with dental and
skeletal fluorosis. Fluoride concentration in water depends on several
contributing factors such as pH, temperature, total dissolved solids,
alkalinity and hardness. Various technologies are currently available to
remove fluoride from water, but adsorption processes are generally
considered attractive because of their effectiveness, convenience, ease
of operation, simplicity of design and for economic and environmental
reasons.
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