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Fluoride ion The study assesses the suitability of inexpensive leaf adsorbents to effectively remediate
Adsorption fluoride-contaminated water. The efficiency of the sorption of fluoride ion is affected by
Low-cost adsorbents pH, contact time, adsorbent dose, type and size of adsorbents, and initial fluoride ion
Langmuir isotherm concentration. The adsorption equilibrium is well correlated by Freundlich and Langmuir
Freundlich isotherm isotherms. Treated leaf powder was studied at various pHs (2, 4, 6 and 8) with a series

of aqueous solutions containing 2, 3, 5, 6, 8, 10, 12, and 15 mg fluoride/L. At the
highest F~ion concentration (15 mg/L), the F-ion level in the effluent gradually decreased
to 0 mg/L within 180 min at 29.5°C when the dose of adsorbent is 10 g/L in a sample of
50 mL volume. With lower F- ion concentrations (2 mg/L) in the feed solutions, the
fluoride ion concentration steadily decreased reaching 0 mg/L after 150 min. Langmuir
isotherm fits well for defluoridation of water using leaf powder.

INTRODUCTION

Pure water is scarce and is not easily available to all. Deprived sections of the society consume
contaminated water and take ill periodically, often resulting in epidemics. The water may be con-
taminated by natural sourcesor by industrial effluents. One such contaminant isfluoride. Fluorideis
asalt of the element fluorine. Fluorine isthe most highly reactive element of halogen family. Small
amounts of it are found in seawater, bone, teeth and in groundwater mainly as fluoride ion. Most
fluoride, associated with monovalent cations such as NaF and KF, iswater soluble, while the one
formed with divalent cations such as CaF, and PbF, is generally insoluble. Fluoride is more toxic
than lead and less toxic than arsenic and is an accumulative toxin (Bhattacharya & Venkobachar
1984). Fluoride has dual significance; if its content isless, then it may result in problemslike dental
caries. World Heal th Organisation (WHO) recommendsit in the range of 0.1-0.5 ppm. The standard
of the United Statesisbetween 0.6 and 0.9 ppm, and of India 1 and 15 ppm. Thus, the requirement of
fluoride content varies among countries and depends on the geography and the age of people in-
volved. Anintake of morethan 6 mg of fluorine per day resultsin fluorosis. Fluorine being cumula-
tive bone-seeking mineral, the resultant skeletal changes are progressive. Fluorideincreasesthe sta-
bility of crystal lattice in bone, but makes the bone more brittle. Drinking fluoridated water will
double the number of hip fractures (APHA 2000). The International Society for Fluoride Research
(ISFR) has reported studies implicating fluoride in the rising rates of Down’s syndrome, chronic
fatigue syndrome and sleep disorder.

Defluoridation isthe process of removal of fluoride ion in drinking water. The process may be
classified broadly into two categories, namely additive methods and adsorptive methods. Thediffer-
ent methods so far tried for the removal of excessfluoride from water can be broadly classified into
four categories: 1. Adsorption methods, 2. lon exchange methods, 3. Precipitation methods, and
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4. Miscellaneous methods (Jamode et al. 2004). Some defluoridation techniques devel oped to con-
trol fluoride content in water are reverse osmosis, adsorption using sunflower plant dry powder,
steam of phytomass, hollyoke, neem bark powder, activated cotton jute carbon, bagasse ash, burnt
bone powder, phosphate-treated saw dust, bone char, etc. as adsorbents, Nalgonda technique, acti-
vated alumina process and ion exchange process (Bhargava & Killedar 1992). However, dueto high
cost or lower efficiency or non-applicability on mass scal e these techniquesarenot muchin use. This
communi cation presentsthe findingsof aninvestigation on the use of leaf powder from neem treefor
the defluoridation of water.

MATERIALS AND METHODS

All the reagentsused were of AR grade. Fluoride stock solution was prepared by dissolving 221 mg
anhydroussodium fluoridein 1000 mL distilled water in avolumetric flask. Fluoride standard solu-
tion was prepared by diluting 100 mL stock solution to 1000 mL distilled water. This1 mL solution
has 0.1 mg of fluoride.

Equipment: Fluorideion wasestimated by Orion ion meter as per standard methods. pH meter and
wrigt-action shaker machine for agitating the samplesfor the required period at a peed of 200 strokes/
minute were used. The surface area of the adsorbent particles, porosity and density were measured by
using surface areaanalyser, mercury porosimetry and specific gravity bottles, respectively.

Material development: Fresh leaves chosen based on their crude fibre content and tress were ob-
tained from neem (Azadirachta indica) trees. The fresh leaveswere sun-dried for 3-4 days, putin a
cotton jute bag and crushed manually. This process can save the energy expended in hot air oven
drying and mechanical crushing. The powder was sieved to get various particle sizes, viz. 600, 710,
and 850y, 1 mm and 1.4 mm. L eaf powder biomasswasfurther digested by chemical methods.

DEFLUORIDATION OF WATER USING INEXPENSIVE ADSORBENTS

Acid treatment: Leaf biomass powder sample (40 g) and 400 mL of 1IN HNO, (nitric acid) were
taken in a 1000 mL conical flask. The mixture was gently heated on burner for 20 min after boiling
starts. Treated biomass was washed with distilled water. Washing was done until maximum col our
was removed and clear water obtained.

Alkali treatment: Leaf biomass powder sample (40 g) and 400 mL 0.5 N NaOH weretaken in 1000
mL conical flask. The mixture was gently heated on burner for 20 min after boiling started. Using
digtilled water, the treated biomass was washed which continued until maximum colour was re-
moved and clear water obtained.

RESULTS AND DISCUSSION

Sor ption studies: Successful application of the adsorption techni que demandsinnovation of cheap,
nontoxic, easily and locally available material. Bioadsorbents meet these requirements. Knowledge
of the optimal conditions would herald a better design and modelling process (Barkin & Pailles
2000). Thus, the effect of some major parameterslike pH, contact time, amount and particle size of
adsorbent and concentration of fluorideions of the uptake on adsorbent materials was investigated
from kinetic viewpoint. Adsorption studieswere performed by batch technique to obtain the rate and
equilibrium data. Experimentswere carried out by shaking 10 g/L of adsorbent dose with 50 mL of
agueous sol ution contai ning known concentration of fluoride ions and by agitating the sampleson
wrist action shaker machine at a speed of 200 strokes/min. Samples containing fluoride ions were
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maintained at adesired pH by adding 0.5 N HNO, or 0.1 M NaOH. All the experiments were con-
ducted at room temperature (29.5°C).

Effect of pH: The pH of the aqueous solution isacontrolling factor in the adsorption process. Thus,
the role of hydrogen ion concentration was examined at pH values of 2, 4, 6, 8 and 10. This was
adjusted by adding 0.5 N HNO, or 0.1 M NaOH with 50 mL of standard solution of 10 mg/L of
fluoridefor a contact time of 60 minwith adose of 10 g/L of treated bioadsorbent. The influence of
pH on the sorption rate isshown in Fig. 1. There was decrease in the extent of removal of fluoride
ionswithincrease inthe pH of the solution. Thiswasinvestigated as 80% at pH 2 and 70% in case of
treated biosorbents. Hence, further studies were conducted within these pH values. In the case of
treated biosorbents, the percentage of adsorption increased almost linearly between 2.0 and 8.0, at-
taining amaximum removal at pH 2.0 in 60 min of contact time. Inthis case, the result may bedueto
neutralization of the negative charges at the surface of the treated biosorbents by greater hydrogen
ion concentration at lower pH values. Thisreduces hindrance to diffusion of the negatively charged
fluoride ions on to the increased active surface of treated biosorbents. Bhargava & Killedar (1992)
observed similar resultsusing fish bone charcoal .

Effect of contact time: It was found that the removal of fluoride ions increases with increase in
contact time to some extent. Further increase in contact time does not increase the uptake due to
deposition of fluorideionson the avail abl e adsorption sites on adsorbent material (Piekos & Padawska
1999) . Preliminary investigations on the uptake of fluoride ions on the adsorbent material at their
optimum pH values indicate that the processes are quite rapid. Typically, 80% of the adsorption
occurswithinthefirst hour of the contact for fluoride ionswith aninitial concentration and adsorb-
ent dose of 10 mg/L for treated biosorbents (Fig. 2). Thisinitia rapid adsorption subsequently gives
way to avery slow approach to equilibrium and saturation isreached in 1.5 to 3 h. For further optimi-
zation of other parameters, this contact time was considered asthe equilibrium time.

Effect of adsorbent dose: It was observed that the removal of fluoride ionsincreases with an in-
creasein the amount of adsorbent (Fig. 3). For all these runs, initial fluoride ion concentration was
fixed at 10 mg/L. The amount of adsorbent dose was varied between 0.5 and 12 g/L in agueous
solution at their optimal pH values (Gupta 1988). Results showed that treated bioadsorbent was
efficient for 50% removal of fluorideions, 55% at 5 g/L and maximum removal of 85% and 80% at
12 and 10 g/L respectively at aroom temperature of 29.5°C.

Effect of initial adsor bate concentr ation: For astrictly adsorptive reaction, in the optimized period
of contact, therate variesdirectly with the concentration of adsorbate (Bulusu 1979). The capacity of
the adsorbent materials gets exhausted sharply with increase in initial fluoride ion concentration
(Fig. 4). The adsorption capacity of treated biosorbents was systematically studied by varying the
initial concentration of fluorideionsbetween 2 and 15 mg/L. The percent removal of fluorideionis
afunction of initial concentration at different initial pH values.

Treated bi osorbentsmay be seenfairly active inreducing fluorideions from 100 to 40% when the
initial concentration of fluoride ion concentration wasincreased from 2 to 15 mg/L with a constant
sorbent dose of 10 g/L at pH of 2.0.

Effect of adsor bent particle size: Experimentswere conducted to eval uate the influence of adsorb-
ent particle size for a constant weight on the removal of fluoride ions. Particle size analysis was
conducted on treated biosorbents and the percentage composition of particle size wasinvestigated.
Theresults obtained with the variation of adsorbent particle size and the percent of thefluorideions
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Table 1: Calculation of Freundlich isotherm. aregraphically represented in Fig. 5. The uptake of fluo-
rideionsat different adsorbent particle sizesincreased
with decrease in sorbent particle diameter (Killedar &
Bhargava1988). The presence of large number of smaller

Dose C Q 1/C 1/q
(mglL) (mg/L) (mg/mg)

50 8 0.04 09031  1.398 particles providesthe sorption system with alarger sur-
;88 Z 8-83 8-‘;‘7‘; 'i-gsg face areaavailable for fluoride ion removal and it also
500 5 001 0699 -2 reduces the external mass transfer resistance (Rao &
600 4 0.01 06021 -2 Bhole 2000). Also, thetimerequired for 50% of theto-
700 3 0.01 04771 -2 tal adsorption islesswith the particles of smaller size.
1000 2 0008 = 0301  -2097  Thjs 450 gives some idea of rate-limiting step of the
1200 15 00071 01761 -2.15

adsorption process. The removal of fluoride ions has
been studied at aroom temperature of 29.5°C. Withthe
largest particle size of 1.4 mm the amount of fluoride ions adsorbed was found to be 60 and 50%
treated biosorbents, respectively, and 95 and 90% with smallest particle size of 600 for an initial
fluorideion concentration of 10 mg/L, respectively. Small particle size provides more active surface
areaand hence such resultswere observed.

Sor ption mechanism: The sorption datafor theremoval of fluorideions have been correlated with
Freundlich and Langmuir isotherm models.

Freundlich equation: It hasthe general form of ge = KfC1/n.

Effect of initial concentration on the removal of fluorideion (Fig. 4). Temperature: 29.5°C, ab-
sorbent size: mixed, volume of sample: 50 mL, absorbent dose: 10 g/L, time of contact: 120 min, pH:
2. Thelinearised Freundlich adsorption isotherm, whichis of the form:

log (ge) = log Kf + 1/nlog Ce

Where, ge isthe amount of metal ions adsorbed per unit weight of adsorbents (mg/g), Kf and
1/n are the Freundlich constants; if 1/n < 1, bond energies with surface density, if 1/n > 1, bond
energy decreaseswith surfacedensity and if 1/n =1 all surface sitesare equivalent. Ceistheequilib-
rium concentration (mg/L). Linear plots of log ge(x’m) vslog Ce at different adsorbent doses are
applied to confirm the applicability of Freundlich models as shown in Fig. 6. The calculations for
Freundlich model for the removal of fluorideionsareshownin Table 1.

Langmuir isotherm: Langmuir isotherm is based on the assumption that point of valence existson
the surface of the adsorbent and that each of these sitesis capabl e of adsorbing one molecule. Thus,
the adsorbed layer will be one molecul e thick. Furthermore, it isassumed that all the adsorption sites
haveequal affinitiesfor molecul esof the adsorbate and
that the presence of adsorbed moleculesat onesitewill

Table 2: Calculation of Langmuir isotherm.

not affect the adsorption of moleculesat anadjacentsite. Dose  C Q 1/C 1/q
The Langmuir equationiscommonly written as: (mg/L)  (mg/L)  (mg/mg)
ge = QobCe/(1 + bCe) 50 8 0.04 0125 25
: . 100 7 0.03 0.1429 33.333
Wh_er_e, qe isthe amount adsorbed (mg/g) and Ceis >, 6 0.02 01667 50
the equilibrium concentration of adsorbate (mg/L), Qo 500 5 0.01 02 100
and b arethe Langmuir constantsrel ated to capacity and 600 4 0.01 0.25 100
energy of adsorption, respectively. The linear formof 700 3 0.01 03333 100
the Langmuir isotherm can be expressed as: 0 2 0008 05 125
9 p " 1200 15 0.0071 06667 141.18
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Fig. 1. Effect of pH on the percentage removal of fluoride ion. Adsorbent dose: 10 g/L, absorbent size: mixed,
volume of sample: 50 mL, temp: 29.5°C, initial adsorbate conc: 10 mg/L, time of contact: 60 min.
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Fig. 2: Effect of agitation time on the removal of fluoride ion. Adsorbent dose: 10 g/L, adsorbent size: mixed,
volume of sample: 50 mL, temp: 29°C, initial adsorbate conc: 10 mg/L, pH: 2.
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Fig. 3: Effect of adsorbent dose on the removal of fluoride ion. Temp: 29°C, adsorbent size: mixed,
volume of sample: 50 mL, initial adsorbate conc: 10 mg/L, time of contact: 120 min, pH: 2.
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Fig. 4: Effect of initial concentration on the removal of fluoride ion. Temp.: 29°C, absorbent size: mixed,
volume of sample: 50 mL, absorbent dose: 10 g/L, time of contact: 120 min, pH: 2.
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Fig. 5: Effect of particle size on removal of fluorideion. Temp: 29.10°C, initial adsorbate conc:
10 mg/L, volume of sample: 50 mL, adsorbent dose: 10 g/L, time of contact: 120 min, pH: 2.
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Fig. 6: Linear model of freundlich isotherm.
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Fig. 7: Linear model of langmuir isotherm.
1/ge = (1/Qo) + (1/bQoCe)

When L/geisplotted against 1/Ce, a straight line with slope 1/bQo is obtained which showsthat
the adsorption follows the Langmuir isotherm asshown in Fig. 7.

The Langmuir constants b and Qo are cal culated from the slope and intercept with Y-axis. The
essential characteristicsof alL angmuir i sotherm can be expressed in terms of dimensionless separa-
tion factor, and describe the type of isotherm defined by,

R = 1/(1 + bCo)

Where, b and Co are termsappearing in Langmuir isotherm. From Figs. 6 and 7, it wasfound that
the R2 value for Langmuir model is near to unity, and hence, the process of defluoridation using
treated bi osorbentsfollows the Langmuir isotherm well. Table 2 givesthe cal culations of Langmuir
model for the removal of fluoride ionsand the various constants of this model.

Disposal of exhausted adsor bent materials: It isnecessary to separate fluorideion beforeitsdis-
posal. The exhausted adsorbent material s need to be dried and burned. The resultant product can be
used in the manufacturing of bricks. Using various chemicals such asH,SO,, HCL, HNO,, NaOH,
EDTA, etc. desorptionispossible.

Advantage of low-cost adsor bentsover conventional adsor bents: The efficienciesof removal of

fluoride ions of various nonconventional adsorbents vary between 50 and 90% depending upon the

characteristicsand particle size of adsorbent(s). A combination of adsorbents can al so be used effec-

tively in defluoridation treatment.

1. Nonconventiona adsorbents are relatively cheaper compared to conventiona onesand areeasily
available resulting in savingsin cost.

2. Nonconventional adsorbentsrequire simplealkali or/and acid treatment for the removal of lignin
beforetheir application and to increase efficiency.

3. Sincethe cost of these adsorbentsisrelatively low they can be used once and discarded.

4. Nonconventional adsorbents require less maintenance and supervision. Separationis possibleto
segregate the nonconventional adsorbentsfrom the effluents beforetheir disposal.

5. These nonconventional adsorbents can be disposed off easily and safely. Used adsorbents can be
reused asafiller material in low-lying areas and hence their disposal does not pose any serious
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problem.
CONCLUSIONS

Results show that these |ow-cost bioadsorbents could be fruitfully used for the removal of fluoride
over awiderange of concentrations. Treated bi osorbentswere observed to be efficient for the uptake
of fluoride ions between 2.0 and 10.0 pH. Fluoride removal for agiven bic-adsorbent sizeincreased
with time attaining equilibrium within 1.5 h. The percentage of fluoride removal wasfoundto be a
function of adsorbent doseand time at agiveninitial solute concentration. It increased with timeand
adsorbent dose, but with higher initial solute concentration decreased with time and adsorbent dose.
The process of adsorption by treated biosorbents foll ows Langmuir isotherm, which comprises sta-
tistical and empirical data estimated from isotherm equation. The adsorption capacity of treated
bi osorbentswas studied by varying the initial concentration of fluoride ionsbetween 2 and 15 mg/L.
Withthelargest particle size of 1.4 mm, the amount of fluorideions adsorbed wasfound to be 95%.
With smallest particle size of 600 pfor aninitial fluorideion concentration of 10 mg/L, 90% adsorp-
tion was observed. Small particle size provides more active surface area and hence such results.
Treated biosorbents can be disposed off safely by burning after use. Treated biosorbentsare locally
available and hence involve no expenditure on transportation and have avery low cost for pretreat-
ment. There is no need to regenerate the exhausted treated biosorbents as they are available abun-
dantly, easily, cheaply and locally. Our future work dealswith the evaluation and performance of
various biomasses for the removal of fluoride.
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