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Abstract
From the past century, the global attention shifted towards fluoride  
toxicity through drinking water due to its severity in important  
health concerns. Many researchers made an attempt to resolve the issue  
to potable drinking water through many chemical and mechanical methods. 
Among them adsorption is one of the acceptable cheap and cost-effective  
method to remove the fluoride from its contaminated waters. This article 
presents a remarkable defluoridation techniques and approach by preparing 
efficient bioadsorbent from Holy Basil Ocimumtenuiflorum L. leaves.  
Thermo-charring method was followed to prepare bioadsorbent  
from holy basil and avoided acid charring method. With this bioadsorbent,  
batch equilibrium adsorption method was followed by varying the  
adsorbent and adsorbate (fluoride) concentrations, its contact time, different 
adsorbent dose and its different sizes. As a sum up, the best contact  
time was identified as 90 minutes for all fluoride concentrations. As known, 
the smaller size adsorbent has shown good absorptivity and the quantity 
of 1.5 g/L found to be optimal amount for the effective defluoridation. 
The interference of co-existing anions like nitrates, chlorides, sulphates 
and carbonates were also studied to identify the applicability of prepared 
bioadsorbent at real water environment. The co-ions nitrates and chlorides 
did not affect the adsorptive efficiency, but sulphates and carbonates suffered  
lot due to its bulky structured binding on adsorbent and lacked the  
fluoride adsorption onto it. The spectral and morphological characterizations  
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such as FTIR, XRD and SEM-EDAX spectral studies carried out to  
confirm the surface variations of bioadsorbent and their corresponding 
reports reveal the notable observations. The best optimal defluoridation 
capacity for Ocimumtenuiflorum based bioadsorbent was found  
to be 1766 mg/kg.

Introduction
Though fluoride is one of the nutritional needs  
to human, the same is the major principal hazard 
contaminant in drinking water which exists naturally.1 
The availability of fluoride concentration in drinking 
water defines whether it is beneficial or harmful.2 
World Health Organization (WHO) suggests drinking 
water should contain fluoride less than 1.5 mg/L3. 
In India, more state people are consuming water 
with higher fluoride even after basic commercial 
purifications.4 The excess fluoride intake by  
the people yielded to dental fluorosis as well 
as skeletal fluorosis.5 The easiest identification  
of yellowish or brownish teeth reveals that the 
person is being affected by dental fluorosis.  
The excess fluoride not only leads to dental caries, 
it could also lead to the consecutive health impacts 
upto the inability of human’s physical movement.6 
Hence, for the past three decades the researcher’s 
attention turn towards the removal of fluoride 
through various chemical and physical methods. 
There are many traditional techniques adopted 
and leads to successful elimination of fluoride 
from drinking water.7-10 Among them biosorption  
is a cost effective and ecofriendly method but only 
very few attempts were reported.11-13 Therefore, 
to identify few more competent bioadsorbents  
for defluoridation, this present research team 
focused towards some herbal plants and presented 
here one of the best bioadsorbent derived from  
Holy Basil Ocimumtenuiflorum leaves, commonly 
known in India in the name of Tulsi. Ocimumtenuiflorum 
is one of the versatile medicinal plants from the 
ancient periods through holistic scripts. It is a 
freely available cheap herbal plant throughout  
India especially in Southern India. The core objectives 
of this project are to study the defluoridation 
effectiveness of prepared bioadsorbent with 
respect to the fluoride concentration, contact time, 
adsorbent dose, various sizes of adsorbent and with 
different natural co-anions via batch experiments. In 
addition to the above, the characteristic behaviour  

and changes in physical nature of the adsorbents 
were reported.

Experimental Methods
Bioadsorbent Preparation
The decided adsorbent material holy basil 
OcimumtenuiflorumL. (tulsi) leaves powder  
is commercially available and was purchased from 
Siddha Pharmacy, Siddha Medical College Campus, 
Tirunelveli, India. It was kept aside for shadow  
dry for 24 hrs. After drying, the samples were further 
grinded well to obtain fine powdered material. 
Further this powder sample was air-oven dried  
at 378 K for 24 hrs. After that using muffle furnace, 
the dried herbal powder was thermally charred  
to get activated adsorbent at 800 °C instead of acid 
treatment for charring. The obtained bioadsorbent 
was then cooled for few hours, grinded further  
and sieved to the desired different particle mesh 
sizes and preserved in calcium desiccators  
upto an hour before the experiment. Analytical 
grade chemicals and reagents were used in this 
present study and used as it is. Doubly distilled water  
was used throughout the study. Whatmann No.41 
filter papers were utilized for the filtration purposes 
wherever required.

Batch Adsorption Studies
In the adsorption studies, batch equilibration method 
is the best way to identify the efficacy of adsorbents. 
In this present defluoridation research, the similar 
pattern of batch equilibration method was performed 
especially at neutral pH to find the adoptability  
of prepared bioadsorbent at various climatic 
conditions. Primary NaF stock solution was 
prepared to 1000 mg/L as adsorbate solution 
and the subsequent dilutions to various fluoride 
concentrations were prepared using doubly 
distilled water for the experiments. As a pilot  
test ,  the adsorbent dose var iat ion study  
was executed where 100 mL  of  3.0 mg/L fluoride  
solution was taken up with different adsorbent  
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doses such as 0.25-2.00 g/L with the increment of  
0.25 g adsorbent at room temperature with 60 
minutes contact time. It was identified that 1.5 g/L  
could provide optimum defluoridation and 
hence it was fixed as initial adsorbent dose for  
all the experiments except adsorbent dose  
effects study. 

Initially the effect of contact time and fluoride 
concentration were studied by varying the adsorption 
contact time from 15 min to 3 h with the increment  
of 15 minutes. Parallelly the same set of experiments 
followed to the different initial fluoride concentrations 
of 2-10 mg/L solutions. From this set of studies,  
the optimum contact time and fluoride concentrations 
were finalized and traced to the subsequent 
batch experiments. By setting the adsorbate-
adsorbent contact time and different initial fluoride 
concentrations, the effect of adsorbent dosage  
was studied as stated earlier and the effect  
of adsorbent particles sizes were also studied.

In addition to that, to encounter the effective 
defluoridation property of the prepared bioadsorbent, 
the set of batch experiments were carried out with 
natural ground water conditions in the presence 
co-anions viz. chloride, nitrate, sulphate and 
bicarbonates in addition to the fluoride. In general, 
due to the unavailability of good quality water,  
the portable drinking-ground waters of different 
zones contain bicarbonates in the range of  
200 mg/L – 500 mg/L; Chloride concentrations upto 
250 mg/L; nitrates upto 120 mg/L and sulphates 
upto 200 mg/L.14 Hence, the experiments were 
done at different concentrations of co-anions such 
as 100, 200, 300, 400 and 500 mg/L with 3.0 mg/L 
F- concentration. Remaining experiments except  
in effect of various fluoride concentrations study, 
the initial adsorbate concentration was followed 
with 3.0 mg/L as similar to southern India ground 
water condition.

In general, rotator shaker was used for the 
thorough shaken of the reactants and kept 200 rpm.  
After that the solutions were filtered off using 
Whatmann No. 41 filter paper. Then the supernatant 
liquids were analysed for fluoride concentration using 
Orion 9 ion-selective instrument. The adsorbent  
in the residue was dried at 100 °C using hot air 
oven and then stored for adsorptive characterization 

studies. The defluoridation capacity of adsorbent 
was calculated using the formulae,15

qe=(Co-Ce) /W  ...(1)

where qe is defluoridation capacity (mg/g); Co  
is initial concentration (mg/L); Ce is equilibrium 
residual concentration (mg/L); W is adsorbent  
weight (g). All the results were computed using  
MS-Excel 2013 and Origin Pro 9.0 software.

Bioadsorbent Characterization
The phys ica l  and morpho log ica l  na ture  
of the Ocimumtenuiflorum based prepared 
bioadsorbent were studied by Bruker AXS D8 
Advance, Inst ID: OCPL/ARD/26-002 X-ray 
diffractometer (NIIST, Trivandrum) and Philips XL-20 
electron microscope fitted with an energy dispersive 
X-ray analyzer (EDAX) (SAIF, Pondicherry University) 
that allows a qualitative detection and localization  
of elements in the adsorbent. In addition to that the 
FT-IR spectra for the experiment were recorded  
by using Nicolet 6700, Thermo Electronic Corporation, 
USA made spectrophotometer (Department  
of Physics, Pondicherry University).

Results and Discussion
Role of Contact Time and Fluoride Concentration
Role of contact time on Ocimumtenuiflorum based 
bioadsorbent–solution interaction was taken  
by varying the time from 15 to 180 minutes  
with 15 minutes time intervals to find out the 
optimal time for higher defluoridation while all other 
parameters such as adsorbent dose, particle size, 
temperature, pH, and fluoride concentration were 
kept as constant. Correspondingly, the adsorbate 
fluoride variation study was carried out for the fluoride 
concentrations 2-10 mg/L with increment of 2 mg/L. 
All the batch findings were depicted in Fig. 1. While 
analyzing Fig.1, there are two dissimilar phases 
identified in this adsorption studies. Among them the 
initial phase is fast upto 90 minutes of contact time  
and the second one is very slow after 90 min. 
Therefore, the remaining forthcoming experiments 
were studied with 90 min contact period.  
This is due to the fact of non-availabi l i ty  
of binding sites on bioadsorbent for further fluoride 
adsorption.Also, Fig.1 elucidates that the maximum 
number of adsorbate fluoride was bonded on 
adsorbent surface at low fluoride concentration 
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which lead to very high defluoridation rate. But in 
the case of higher concentration, due to availability  
of higher fluoride ions, the adsorbed fluoride 
quantity percentage will get low. The concentrations  
of both 2 mg/L and 3 mg/L fluoride solutions 
provided similar adsorption efficiency, this might due  
to the equilibrium between solution concentration 
and solid phase of Ocimumtenuiflorum based 
bioadsorbent.

coefficient KD gives the information about  
the adsorbent that it is in heterogeneous nature.7

Fig. 1: Role of contact time with respect to initial 
fluoride concentrations on Ocimumtenuiflorum 

bioadsorbent’s adsorptive property (Conditions: 
pH – 7.0; Temperature – 298 K and adsorbent 

dose – 1.5 g/L)

Effect of Biosorbent Dose and Particle Size
For the different dose of Ocimumtenuiflorum 
bioadsorbent, the defluoridation efficiency was 
evaluated with standard fluoride solutions that 
are having fixed values of fluoride concentration, 
i ts contact t ime, adsorbent part ic le size,  
pH and temperature. It could be seen from Fig. 2 
that fluoride removal efficiency increased from 46% 
to 88.93% when the adsorbent dose was increased 
from 0.25 g/L to 2.0 g/L. At the value of 1.5 g/L, 
there was a significant fluoride removal attained  
to 88.3% and further improvement in adsorbent 
dose could not provide valuable removal efficiency.  
The minimum required concentration at solution 
phase defined its equilibrium stage and hence 
there was no effective observations after  
1.5 g/L adsorbent dose. This dose was noted  
as optimum and utilized for the further experiments. 
The plot Fig.3 of adsorbent dose with distribution 

Fig. 2: Effect of adsorbent dosages on 
defluoridation capacity(Conditions: pH 
– 7.0; Temperature – 298 K and fluoride 

concentration – 3 mg/L)

Fig. 3: Distribution coefficient KD curve from 
adsorbent dose study

With the above optimum adsorbent amount 
1.5 g/L, the various particle sizes such as<53, 
53–106, 106–150, 150–225 and 225–303µm  
of Ocimumtenuiflorum bioadsorbent were performed 
for its fluoride removal efficiency by keeping 
remaining parameters as constant and findings 
are shown in Fig. 4. Obviously, the lower particle  
size <53 µm of adsorbent shown higher defluoridation 
efficiency while others show decreasing fluoride 
removal pattern with respect to their increasing 
particle sizes.5,11 The results obeyed the basic 
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adsorption principle that if particle size decreases, 
the adsorption capacity will get increased due  
to the increased surface area in the smaller  
sized adsorbents.

the adsorbents in the presence of each of these 
anions separately. The effect of these interfering  
co-ions on defluoridation of Ocimumtenuiflorum 
bioadsorbent is given in Fig. 5. The observation 
from the figure reveals that both sulphate and 
bicarbonate shown remarkable interfering effect  
on defluoridation by this adsorbent while nitrate and 
chloride ions show less interference on defluoridation  
by Ocimumtenuiflorum bioadsorbent. This might 
due to that the chloride have less electro negativity 
than fluoride and univalent. But bicarbonates 
and sulphates affect the defluoridation even  
at its minimum concentration of 100 mg/L and 200 
mg/L. This is because of their bulky structures;  
they protect large surface area of adsorbent’s 
surface from its affinity towards more number  
of fluoride ions and so there was unexpected  
drop in defluoridation capacity of prepared 
bioadsorbent observed.6

Instrumental Analysis of Morphological
Characteristics
SEM morphologies of Ocimumtenuif lorum 
bioadsorbent and its fluoride loaded adsorbents 
are presented in Figs. 6a and 6b. Fig.6a confirmed 
a clear morphology of adsorbent solid particles.  
On comparison of both images, it is quite clear that 
adsorption of fluoride onto the activated carbon  
is more prominent by the sludgy appearance. 
EDAX spectrum of f luoride adsorbed and  
untreated adsorbents gave additional evidence 
through Figs.7a and 7b by revealing the presence  
of fluoride element identification in Fig. 7b  
and strongly supported the fluoride interaction 
with the adsorbent. The XRD pattern of both 
treated and untreated bioadsorbents were given in  
Fig. 8. Due to blocking the pores and fine surfaces 
of bioadsorbents by fluoride ions, the XRD  
of fluoride treated adsorbent missed its own 
prominent identifiable peaks. It confirmed the 
fluoride adsorption onto the Ocimumtenuiflorum 
bioadsorbent. FTIR spectrums in Fig.9 indicated 
the –OH stretching bandscale of 3261 cm−1- 3669 
cm−1; other band at 1451 cm−1 assigned by reason 
of inter layer water molecules.16 The bands 1046 
cm−1 and 566 cm−1 are attributed to metal–OH bond 
stretching.17 After treated with fluoride solution, 
there were changes in the intensities of these each  
peak due to the fluoride interaction with metals 
present in the adsorbents.

Fig. 4: Effects of adsorbent particle sizes on 
fluoride removal pattern(Conditions: pH – 7.0; 
Temperature – 298 K, adsorbent dose – 1.5 g/L 

and Fluoride concentration – 3 mg/L)

Fig. 5: Interference of co-ions on 
defluoridation capacity of Ocimumtenuiflorum 

based bioadsorbent (Conditions: pH – 7.0; 
Temperature – 298 K, adsorbent dose – 1.5 g/L 

and Fluoride concentration – 3 mg/L)

Interference of Co-Existing Anions
In addition to the fluoride ions, other anions 
namely bicarbonate, sulphate, nitrate, chloride 
are present inground water. Therefore, the 
defluoridation experiments were performed using 
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Fig. 6: SEM images of (a) raw and (b) fluoride treated Ocimumtenuiflorumbioadsorbent

Fig. 7: EDAX spectrum of (a) raw and (b) fluoride treated Ocimumtenuiflorumbioadsorbent

Fig.8: XRD spectrum of fluoride treated and untreatedOcimumtenuiflorumbioadsorbent
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Fig. 9: FTIR spectrum of pure and fluoride treated Ocimumtenuiflorumbioadsorbent

Conclusion
Higher fluoride contaminant in drinking water 
is a serious concern since it causing numerous 
health impacts though it is an essential element  
to human health. Therefore, the removal of 
fluoride to its permissible limit in the drinking 
water have done by many researchers through 
different defluoridation approach, among them 
adsorption is a cost-effective ease operative method.  
This present study revealed successful preparation 
of bioadsorbent from Ocimumtenuiflorum commonly 
known as Tulsi in India. Batch equilibrium method 
was employed to know the adsorptive capacity 
of prepared bioadsorbent by varying different 
concentration of fluoride (adsorbate), different 
adsorbent dose and its different particle sizes.  
The findings depicted that the contact time  
of 90 minutes is an effective optimal time for the 
defluoridation using Ocimumtenuiflorum based 
bioadsorbent for all concentrations of fluoride  
in ppm range. And the lower particle size < 53 μm 
could leach more fluoride from the solution medium. 
Importantly, the adsorbent quantity of 1.5 g/L  
was found that it could adsorb the maximum 
available fluoride at adsorbent-solution equilibrium. 
Apart from that to know the defluoridation  
efficiency with respect to real water environmental, 
batch studies were carried out with the presence 
of coexisting anions viz. chloride, nitrate, sulphate 
and bicarbonate. The results reveals that the 
presence of sulphate and bicarbonates largely 

interfering the adsorbent-fluoride interactions  
due to its occupation of large volume of adsorbent’s 
surface. But the presence of nitrates and chlorides 
along with fluoride did not affect the defluoridation 
capacity of the prepared bioadsorbent significantly. 
At all the above optimal conditions, the maximum 
defluoridation capacity by Ocimumtenuiflorum 
based bioadsorbent was achieved to1766  
mg/kg. The spectral characterizations such as 
SEM, EDAX, XRD and FT-IR also supported the 
leaching of fluoride to the adsorbent site by providing 
weighty findings in SEM image morphologies, 
presence of fluoride element in EDAX spectrum 
and note worthy changes in peaks of XRD and  
FT-IR spectrums. Overall findings led the conclusion 
that the Ocimumtenuiflorum based bioadsorbent 
can be used not only as defluoridating agent, it can  
also be used for more adsorptive heavy metal 
removal studies.
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