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Abstract
Background and purpose: The World Health Organization (WHO) has specified the tolerance
limit of fluoride content of drinking water to be 1.5 mg/L, since excessive intake of fluoride
leads to various detrimental diseases. The present study assessed the adsorption effectiveness of
HCl-modified eucalyptus leaves in fluoride removal from synthetic solutions.
Materials and Methods: In this experimental study, pseudo-first and pseudo-second order
kinetics, Langmuir and Freundlich isotherm models, as well as pH (2-12), initial concentration
(5-30 mg/L), adsorbent dose (0.1-1 g/L), and temperature (25-45 0C) were investigated on
defluoridation.
Results: The results with the maximum removal efficiency of 90% was obtained in pH = 10,
initial concentration = 5 mg/L, and adsorbent dose = 0.1 g/L. In the investigation of the effect of
temperature on removal rates, the maximum removal of fluoride was observed to be in 45 0C.
The removal efficiency also decreased while the adsorbent dose increased, the initial
concentration of fluoride increased, and the temperature in the studied ranges decreased. It was
also found that the adsorption equilibrium and kinetic data were in good agreement with
Langmuir Model (R2=0.994) with qmax= 61.35 mg/g and pseudo-second order reaction
(R2=0.999).
Conclusion: On the basis of the obtained results, HCl-modified eucalyptus leaves were found to
be able to remove fluoride from aqueous environments with good removal efficiency and
adsorption capacity.
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1. Introduction
Fluoride is the first halogen element in the
periodic table that cannot be found as
elemental form mainly due to high reactivity
(1). Because of the presence of fluoride in the
inorganic compounds of the earth's crust, such
as fluorspar, cryolite, and fluorapatite,
fluoride compounds can usually be found in
low concentrations in groundwater (2). The
World Health Organization (WHO) has
specified the tolerance limit of fluoride in
drinking water to be 1.5 mg/L. This
concentration of fluoride in drinking water
has positive effects on bones and teeth,
especially in children under 8 years of age (3).
Depending on the concentration and duration
of continuous absorption, the absorption of
high amounts of fluoride could lead to
osteoporosis, arthritis, brittle bones, cancer,
infertility, brain damage, Alzheimer's disease,
stained teeth, impaired DNA synthesis, and
impaired metabolism of carbohydrates, lipids,
proteins, vitamins and minerals (4). Contact
with mineral deposits and the discharge of
industrial wastewater containing fluoride are
considered as important factors in the
contamination of surface and ground water
with high fluoride concentrations (5). In areas
rich in minerals containing fluoride, its
concentrations in groundwater can be as high
as 10 mg/l and more. The maximum
concentration of fluoride in water in the world
has been reported to be 2800 mg/l (3).
Coagulation and precipitation with 3-valent
iron and aluminum, activated alumina, ion
exchange, reverse osmosis, electrodialysis,
adsorption, and electrocoagulation are among
the methods of removing fluoride from
drinking water (6-11). Among these methods,
adsorption is one of the most widely used
techniques of removing fluoride. Around 100
different types of adsorbent have so far been
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used to absorb fluoride, such as alumina and
alumina-based adsorbents, adsorbents based
on iron and calcium, oxides and metal
hydroxides, impregnated metal oxides,
carbon-based adsorbents, natural materials
used
as
adsorbents,
bioadsorbents,
agricultural and industrial waste, apatite and
hydroxyapatite, building materials, and
nanoadsorbents (11, 12).
In recent years, the use of inexpensive natural
adsorbents in natural or modified form in the
removal of water contaminants has received
attention (13-16). Natural pumice (NP), and
FeCl3·6H2O modified pumice (FEMP), and
hexadecyl trimethyl ammonium bromide
(HDTM.Br) modified pumice (HMP) have
been used for fluoride removal in maximum
removal efficiency of 9.39, 76.45, and
95.09% for NP, FEMP, and HMP,
respectively (11). The findings of another
study showed that the use of pumice stone
modified with MgCl2, and a maximum
efficiency of fluoride removal of 68.4% from
an aqueous solution was obtained at the
optimal pH of 6 (17). Using pumice stone
modified
with
HDTMA,
and
the
concentration of 10 mg/L of fluoride was
removed at the optimum pH of 6 with an
efficiency of 96% (18). Using an inorganic
phosphate mineral called brushite, the
removal efficiency was also obtained 88.78%
at a pH of 5.36 with the maximum adsorption
capacity of 29.21 mg/g (19). In one other
research, fluoride was removed using
hydroxyapatite at a pH of 4.16 with a removal
efficiency of 86.34% and with the maximum
adsorption capacity of 3.12 mg/g (20).
Eucalyptus (eucalyptus camadulensis Dehnh)
is among the plants that grow in the southwestern and south-eastern parts of Iran. The
present study was an attempt for the first time
to investigate the efficiency of eucalyptus
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leaves modified with HCl in the removal of
fluoride.
2. Materials and Methods
This study was experimentally conducted on a
laboratory scale in the Water and Wastewater
Chemistry Laboratory of the Zahedan
University of Medical Sciences, Iran, in
which eucalyptus leaves modified with HCl
were used as adsorbents to remove fluoride
from synthetic aqueous solutions.
2.1. Preparation of the Adsorbent
The preparation and modification of
adsorbent was initially done based on the
method presented by Khavidaki et al. and
Fazlzadeh et al., respectively, with some
modification (21, 22). First, eucalyptus leaves
were collected from the trees growing in the
region. Next, the leaves were washed with
distilled water and dried in an oven for 2
hours. Then, the dried leaves were ground and
the resulting powder was graded into 60 to
200 mesh sizes using standard ASTM sieves.
To modify the adsorbent, 250 grams of
eucalyptus leaf powders prepared in the
previous step were then mixed with 8% HCl
and left at normal room temperature for 3
hours. After that, the samples were filtered,
washed with distilled water, and dried in an
oven for 24 hours. Thus, the desired adsorbent
was prepared and used in the subsequent
stages of the study. For determine the pH of
zero point of charge (pHZPC), 0.01 M NaCl
was prepared and the suspension pH was
adjusted within the range 2.0–12.0 using 0.1
M NaOH and HCl. Then 50 mL different pH
of 0.01 M NaCl solution was taken into a
conical flask containing 0.5 g Adsorbents.
The mixtures were shaken for 24 h and then
the final pH was measured (23).
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2.2. Batch Experimental
In the current study, in order to determine the
optimal, batch fluoride adsorption, certain
experiments were conducted. Hence, the
effect of the variables of time (15-150 min),
temperature (25-45 ºC), pH (2-12), adsorbent
dosage (0.1-1 g/L), and the initial
concentrations of fluoride (5-30 mg/L) were
all examined. It should be noted that each
experiment in the present research was
repeated three times. For the purpose of this
study, a stock solution of fluoride was made
by dissolving NaF (2.21 g) in distilled water
(1,000 mL). Then, 100 mL of fluoride
solution was mixed with various doses of the
adsorbent at different pH and fluoride
concentrations at equilibrium time in a
reciprocating shaker at 200 rpm.
After determining the optimal points, an
investigation of the effects of various
temperatures (25-45 ºC) on various
concentrations of fluoride was conducted. To
adjust pH, one normal NaOH and H2SO4
solutions were used. After that, the solutions
were filtered (0.45 μ m, Whatman filter
paper), and then the residual fluoride
concentration was analyzed at a maximum
wavelength of 570 nm using UV/VIS
spectrophotometer (PerkinElmer, Lambda 25)
according to the standard methods for the
examination of water and wastewater (24).
The amount of adsorbed fluoride at
equilibrium (qe) (mg/g) was calculated using
equation 1, and fluoride removal efficiency
(%) was calculated using equation 2:
𝑉
𝑞𝑒 − 𝑀 × (𝐶𝑜 − 𝐶𝑒
(1)
𝑌(%) =

𝐶𝑜 −𝐶𝑒
𝐶𝑜

× 100

(2)

Where,
qe: Adsorption capacity (mg/g)
C0: Initial concentration of fluoride in the
solution (mg/l)

Iran J Health Sci 2017; 5(3): 67

Downloaded from jhs.mazums.ac.ir at 9:53 +0430 on Monday August 20th 2018

[ DOI: 10.29252/jhs.5.3.65 ]

Fluoride adsorption onto modified eucalyptus leaves

Ce: Equilibrium concentration of fluoride
after the establishment of equilibrium
V: Solution volume (L)
M: Adsorbent mass (g)
2.3. Determining adsorption kinetics:
To determine the adsorption equilibrium
time, the fluoride solution with various
concentrations containing 2 g/L adsorbent
was mixed at a speed of 200 rpm at a pH of 7,
and at fixed intervals. The sampling was then
performed between the times of 15 min and
150 min. The samples were filtered, and the
final concentrations of fluoride were
recorded. To determine the adsorption levels
at various times, pseudo first order and
pseudo second order kinetic models, the
equations of which are presented in Table 2,
were used, where qt (mg/g) is the adsorption
capacity at time t, k1 is the pseudo first order
reaction speed constant (min-1 g mg-1), k2 is
the pseudo second order speed constant (min-1
g mg-1), and qe (mg/g) is the equilibrium
adsorption capacity.
2.4. Determining adsorption isotherm:
After
conducting
batch
adsorption
experiments and determining the optimal
values for time, pH, initial fluoride
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concentration, and adsorbent dosage, the
isotherm of fluoride adsorption onto the
adsorbent was determined at 25 ˚C. The
agreement of the experimental data with the
Freundlich and Langmuir Isotherm Models
was also investigated. Hence, the best model
was selected using the R2 coefficient.
3. Results
In this study, after preparing and modifying
the adsorbent, the adsorption equilibrium time
was determined, and then the effects of
various variables on the adsorption efficiency
and capacity were studied by conducting
batch experiments.
3.1. The effect of contact time
The results of determining the equilibrium
time are presented in Figure 1. The highest
rates of fluoride removal by modified
eucalyptus leaves were obtained at 60 min,
and it was observed that the removal
efficiency had a descending trend after 60
min. Thus, a contact time of 60 min was
considered as the equilibrium time in other
parts of the study.
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Figure 1. The effect of time on fluoride adsorption by modified eucalyptus leaves.

3.2. The Effect of pH
Investigating the effect of pH in the range of
2-12 showed that the highest fluoride removal
efficiency (86%) at a contact time of 60 min

can be achieved at a pH level of 10. Also, the
pHpzc values for adsorbents were 11.2. Figure
2 presents the effect of pH on fluoride
removal efficiency.

Figure 2. The effect of pH on the adsorption of fluoride onto modified eucalyptus leaves.

3.3. The Effect of Adsorbent Dosage
The results of the investigation of the
adsorbent dosage and the optimal pH and
equilibrium time are presented in Figure 3. As
the adsorbent dosage increases from 0.1 to 1
g/L, the removal efficiency and adsorption

capacity decreases. The highest fluoride
removal efficiency (83%) was achieved at the
adsorbent dosage of 0.1 g/L at the optimal pH
and the equilibrium time. Thus, the adsorbent
dosage of 0.1 g/L was used in the following
stages as the optimal adsorbent dosage.
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Figure 3. The effect of adsorbent dosage on the adsorption of fluoride onto modified eucalyptus leaves.

3.4. The Effect of the Initial Concentration
The results of fluoride removal efficiency at
the optimal pH and adsorbent dosage levels
with various initial concentrations of fluoride
are presented in Figure 4. The highest and
lowest removal efficiencies were achieved at

the initial fluoride concentrations of 5 and 30
mg/L, respectively. As can be seen in Figure
4, the adsorption capacity of fluoride by the
utilized adsorbent increases as the initial
concentration of fluoride increases.

Figure 4. The effect of the initial concentration of fluoride on fluoride adsorption by modified eucalyptus leaves.

3.5. The Effect of Temperature
Figure 5 presents the results of the
investigation of temperature on fluoride
removal efficiency at optimal pH and

adsorbent dosage at various initial
concentrations
of
fluoride.
The
thermodynamic parameters are also exhibited
in Table 1.

Table1. Thermodynamic parameters
𝑬𝒂 (kJ/mol)
3.26

∆𝑮
250C
-6.49
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∆𝑺°
300C
-6.79

35 0C
-7.38

40 0C
-7.81

45 0C
-9.54

0.16

∆𝑯°
34.97
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Figure 5. The effect of temperature on the adsorption of fluoride onto modified eucalyptus leaves

Thermodynamic parameters were evaluated
by using the standard free energy (ΔG),
standard enthalpy change (ΔHº), standard
entropy change (ΔSº), and sticking probability
(SP), given by equation 3-7 and reported
between 25 and 45 0C.
Sp =(1-β) exp – (Ea/RT) (3)
β = 1- Ce/C0
(4)

ln K = ΔS/RT
(5)
K = qe / Ce
(6)
0
Ln K = ΔS / R – ΔH / RT
(7)
Here, β is surface coverage, Ea is activation
energy ( kj/mol), R is gas law constant (8.314
J/mol.0k), T is absolute temperature (0k), and
K is sorption equilibrium constant (11).

3.6. Investigating Adsorption Kinetics
Adsorption amounts at various times were
investigated using pseudo first-order and
pseudo second-order kinetic models. The
results of the matching of fluoride adsorption
kinetic parameters with pseudo first-order and

pseudo second-order kinetic models are
presented in Table 2. The obtained results
indicated that fluoride adsorption onto
modified eucalyptus complied with the
pseudo second-order kinetic model with R2
equal to 0.999.

Table2. Kinetic parameters
Kinetic models

Kinetic parameters

Kinetic parameter values

Pseudo first-order kinetic model

qe (exp) (mg/g)
qe (cal) (mg/g)
K
R2
qe (exp) (mg/g)
qe (cal) (mg/g)
K
R2

15
2.35
-0.015
0.9679
15
15.15
0.08
0.999

𝒅𝒒𝒕
= 𝒌𝟏 (𝒒𝒆 − 𝒒𝒕 )
𝒒𝒕
Pseudo second-order kinetic model
𝒅𝒒𝒕
= 𝒌𝟐 (𝒒𝒆 − 𝒒𝒕 )𝟐
𝒒𝒕
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where C0 is the initial concentration of
fluoride. Using this parameter, the type of the
adsorption process can be determined. The
values of this parameter follow (Table 3)
(25).

3.7. Investigating Adsorption Isotherm
The Freundlich isotherm is an empirical
formula based on adsorption onto a
heterogeneous surface. The value of n
indicates how favorable the isotherm is. Thus,
an n value of 2 to 10 indicates favorability. A
value between 1 and 2 shows relative
favorability. And a value of less than 1
indicates poor adsorption characteristics (18).
One of the features of Langmuir’s equations
is the dimensionless separation factor
parameter RL, which is calculated by equation
1

8; 1+bC

0

(8)
Table 3. Parameters and correlation coefficients
Isotherm type

RL
RL > 1
RL = 1
RL = 0
0 < RL < 1

Unfavorable
Linear
Irreversible
Favorable

Table 4 shows the parameters and correlation
coefficients of the three isotherms at a
temperature of 25 ˚C. Examining the

adsorption isotherm showed that fluoride
adsorption onto modified eucalyptus leaves
complied with the Langmuir isotherm.

Table 4. Adsorption isotherm parameters
Adsorption isotherms
Langmuir 𝒒𝒆 =

𝒒𝒎 𝒃𝒄𝒆
𝟏+𝒃𝒄𝒆
𝟏/𝒏

Freundlich 𝒒𝒆 = 𝒌𝒇 𝒄𝒆

Isotherm constants
b (L/mg)
qmax (mg/g)
RL
Kf

Isotherm constant values
0.74
61.35
0.06-0.21
25.11

n

2.03

R2
0.9944

0.856

The results of fluoride adsorption studies using different adsorbents are also presented in Table 5
(17-20, 26).
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Table 5. The studies of fluoride adsorption using different adsorbents.
Adsorbent

Optimum pH

Suitable
kinetic model

Suitable
isotherm
model

Pumice modified
with MgCl2
Pumice modified
with H2O2
Natural pumice

6

second

Pumice modified
with HDTMA
Brushite

6

Hydroxyapatite

4.16

Eucalyptus
leaves modified
with ZnCl2
Eucalyptus
leaves modified
with HCl

6

Pseudo
order
Pseudo
order
Pseudo
order
Pseudo
order
Pseudo
order
Pseudo
order
-

6
6

5.36

10

References

Freundlich

Maximum
adsorption
capacity (qm)
(mg/g)
5.5

second

Freundlich

11.76

(17)

second

Freundlich

4.5

(17)

second

Langmuir

41

(18)

second

Langmuir

29.2

(19)

second

Langmuir and
Freundlich
Langmuir

3.12

(20)

3.5

(26)

Langmuir

61.35

The
study

Pseudo second
order

4. Discussion
In this study, the efficacy of eucalyptus leaves
modified with HCl in the removal of fluoride
from aqueous solutions was examined taking
into account variables affecting the adsorption
process. As the pH of the solution increased
from 2 to 10, the fluoride removal efficiency
increased, such that the maximum removal
efficiency (86%) and the adsorption capacity
(43 mg/g) were achieved at the time of 60
min, and at a pH of 10. After that, the increase
in the pH from 10 to 12 led to a decrease in
the removal efficiency down to 59%. The
reason for this phenomenon was the anionic
structure of fluoride and the dispersion of the
positive and negative charges on the surface
of the adsorbent as a function of the solution
pH and the adsorbent pHpzc, such that if the
pH was equal to pHpzc, the electric charges
present on the surface of adsorbent would be
balanced. However, if solution pH was less
than adsorbent pHpzc, due to the fact that
adsorbent surface was surrounded by

(17)

present

carboxylic agents containing protons and the
increased positive charge on the adsorbent
surface, the electrostatic attraction between
the anions of fluoride and the adsorbent
increased. At the same time, at pH levels
higher than adsorbent pHpzc, the electrostatic
attraction decreased due to the negative
charge of the adsorbent. Since this study was
the first attempt to investigate the
characteristics of surface adsorption onto
modified eucalyptus leaves, it was not
possible to compare the results with similar
studies. However, similar results have been
reported about phenol removal by bentonites,
in which increasing the pH from 4 to 12
resulted in an increase in removal efficiency
(27). In the studies conducted on the
adsorption of fluoride by various adsorbents,
the optimal pH has been determined to be at
the acidic and neutral range (11, 17, 19, 28).
In the current study, investigating the effect of
adsorbent dosage on the adsorption process
made it clear that, as the adsorbent dosage
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increased from 0.1 to 1 g/L, the adsorption
efficiency and capacity decreased, so that the
maximum efficiency (83%) and adsorption
capacity (41.5 mg/g) were achieved at the
concentration of 0.1 g/L. In fact, at the initial
stage, there were found many empty spaces
available to the adsorbate for adsorption.
However, increasing the mass of the
adsorbent more than 0.1 g/L led to overlaps in
the adsorbent surface and the aggregation of
the adsorbent, so that the available useful
surface reduced. On the other hand, due to the
competition that is created among the
contaminant
molecules
in
occupying
adsorbent empty spaces, the adsorbent
surfaces were not fully used, and all of its
capacity was not used optimally, resulting in
reduced contaminant removal levels (29).
Additionally,
investigating
the
initial
concentration of fluoride on the adsorption
process showed that as the concentration of
fluoride increased, the removal efficiency
decreased, in a way that the highest efficiency
(90%) was achieved at a concentration of 5
mg/L. The reason for this was the saturation
of available adsorption spaces and their
ineffectiveness at higher concentrations (30,
31). The results obtained at this stage were
found to be consistent with the findings of
certain other studies (12, 28). As the initial
concentration of fluoride increased, the
adsorption capacity increased, too, and the
highest adsorption (192 mg/g) occurred at a
fluoride concentration of 30 mg/L, which was
due to the increased removal of fluoride at
higher concentrations.
On the other hand, studying the effect of time
on fluoride removal efficiency showed that
temperature increase can lead to increased
removal efficiency. The trend of increases in
the removal efficiency occurred slowly in the
temperature range of 25-45 ºC. Afterwards,
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this trend accelerated and reached its
maximum level at 45 ºC. Thus, the process of
fluoride adsorption was facilitated as the
temperature rose, which was a result in line
with certain other studies conducted on
fluoride adsorption (17, 18).
Generally, the values of activation energy
specified the type of adsorption to be either
physical (5-40 kj/mol) or chemical (40-800 kj
/mol). The values of Ea suggested physical
adsorption with weak interactions (i.e.,
hydrogen bonding) between the fluoride ion
and the adsorbent. As seen in Table1, the
negative ΔG in all temperatures suggested
spontaneous
adsorption. This
finding
indicated that adsorbent had a high affinity for
the fluoride adsorption from the solution
under experimental conditions. Furthermore,
the positive values of ΔHº and ΔSº verified
that the adsorption phenomenon was
endothermic and random (at solid/ solution
interface) during fluoride adsorption. Due to
the endothermic nature of adsorption, the
adsorption of fluoride was higher in high
temperatures. Randomness is a motive force
in the thermodynamic process. These results
were found to be in agreement with certain
previous studies (11). The parameters
obtained from kinetic equations and presented
in Table 2 indicated that fluoride adsorption
complied with the pseudo second order
kinetic model with a high correlation
coefficient (R2 = 0.999). The calculated
values for adsorption capacity (qe (cal)
(mg/g)) were documented to be very close to
the experimental adsorption capacity values
(qe (exp) (mg/g)). The gained information
confirmed the compliance of fluoride removal
by any adsorbent with the pseudo second
order kinetic model, too. Based on the
findings of the current research, the isotherm
equations represented a relationship between
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the concentration of adsorbate onto the
surface of adsorbent at experimental
conditions and its equilibrium concentration
in the liquid phase. Thus, investigating the
adsorption isotherm made it possible for the
researchers to determine the maximum
adsorption capacity and define an equation in
order to design an adsorption column (11). As
illustrated in Table 3, examining the
correlation coefficient of the curves of the
adsorption models of Langmuir and
Freundlich showed that fluoride adsorption
onto the utilized adsorbent complied with the
Langmuir adsorption isotherm. The Langmuir
isotherm model proposes that adsorption
occurs on a homogeneous adsorbent surface
via monolayer adsorption without the
occurrence of any reactions among adsorbent
molecules at a constant adsorption energy
(32-34). The reduction in removal efficiency,
which occurs as a result of increased initial
fluoride concentration, can be accounted for
successfully by the fact that adsorption
behavior complies with the Langmuir
isotherm model with monolayer contaminant
adsorption. The theoretical values for b and
qmax were obtained to be 0.74 L/mg and 61.35
mg/g, respectively. In this study, the RL value
was calculated and found to be in the range of
0.06 to 0.21 for various concentrations of
fluoride, which is indicative of the favorable
adsorption of fluoride onto the adsorbent,
based on Table 3. Also, comparing the data in
Table 4 showed that HCl-modified eucalyptus
leaves as adsorbent in this study had the
highest qmax equal to 61.35 mg/g. At the same
time, comparing the values of qmax in Table 4
indicated that the adsorbent used in this study,
each gram of which can remove 61.35 mg of
fluoride, had the highest adsorption capacity
in comparison with the other adsorbents. By
comparing eucalyptus leaves modified with
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ZnCl2 and HCl in Table 4, it can be concluded
that any modification with HCl could lead to
a several-fold increase in the maximum
adsorption capacity in comparison with
ZnCl2, and as a result, it can be said that HCl
had better applicability for the modification of
eucalyptus leaves as a natural adsorbent
which is used in the removal of fluoride from
aqueous media. In the Freundlich isotherm
model, n is a measure of the intensity of
adsorption, and if this value is between 1 and
10, the isotherm model is mathematically
favorable (30). In this study, the obtained
value for n in fluoride adsorption onto the
utilized adsorbent was found to be 2.03
indicating the favorability of adsorption under
the experimental conditions.
5. Conclusion
The general results of this study showed that
any modification of eucalyptus leaves with
HCl could lead to surface adsorption of
fluoride from aqueous solutions with a
maximum adsorption capacity of 61.35 mg/g
under the optimal adsorption conditions of a
pH of 10, initial concentration of 5 mg/L, and
the adsorbent dosage of 0.1 g/L, giving a
maximum removal efficiency of 90%. It was
also documented that the pseudo-second order
kinetic model and the Langmuir isotherm
model had the best fit with the experimental
data, and fluoride adsorption process was
facilitated, as the temperature increased from
25-45 ºC. Based on the results of the current
study, and given the easy availability and
abundance of the eucalyptus plant in various
areas of Iran and the ease with which it can be
modified, it can be very well used to remove
fluoride from aqueous solutions with
favorable adsorption capacity under optimal
conditions. It is finally recommended that
larger studies to be conducted on this
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substance as an option to be used as adsorbent
in the treatment of water and wastewater.
Acknowledgments
This research has been supported by the
Health Enhancement Research Center of the
Zahedan University of Medical Sciences
(7425). The authors are grateful to the
Zahedan University of Medical Sciences for
its technical and financial support of this
research.
Conflicts of interest
The Authors have no conflict of interest.
References
1. Kanbur M, Eraslan G, Silici S, Karabacak M.
Effects of sodium fluoride exposure on some
biochemical parameters in mice: Evaluation of
the ameliorative effect of royal jelly
applications on these parameters. Food and
Chemical Toxicology. 2009;47(6):1184.9DOI:10.1016/j.fct.2009.02.008
2. Haynes WM. CRC handbook of chemistry and
physics: CRC press; 2014. DOI: 10.1016/
S0022-1139(02)00003-9
3. WHO.
Guidelines
for
drinking-water
quality2011. 104-8 p. DOI: 10.1016/j . watres.
2007.04.029
4. Mahramanlioglu M, Kizilcikli I, Bicer I.
Adsorption of fluoride from aqueous solution
by acid treated spent bleaching earth. Journal
of Fluorine Chemistry. 2002;115(1):41-7.
DOI: 10.1016/S0022-1139(02)00003-9
5. Gupta VK, Ali I, Saini VK. Defluoridation of
wastewaters using waste carbon slurry. Water
Research. 2007;41(15):3307-16.
DOI: 10.
1016/j .waters.2007.04.029
6. Ghorai S, Pant K. Equilibrium, kinetics and
breakthrough studies for adsorption of fluoride
on activated alumina. Separation and
purification technology. 2005;42(3):265-71.
DOI: 10.1016/j.seppur.2004.09.001
7. Hu K, Dickson JM. Nanofiltration membrane
performance on fluoride removal from water.
Journal of Membrane Science. 2006; 279(1):
529-38.
8. Ghosh D, Medhi C, Purkait M. Treatment of
fluoride containing drinking water by
electrocoagulation using monopolar and

Iran J Health Sci 2017; 5(3): 76

M. Faraji. et al

bipolar electrode connections. Chemosphere.
2008;73(9):1393-400.
DOI:
10.1016.j.chemospherr.2008.08.041
9. Sehn P. Fluoride removal with extra low
energy reverse osmosis membranes: three
years of large scale field experience in Finland.
Desalination. 2008;223(1-3):73-84. DOI:10.
1016/j.desal.2007.02.077
10. Viswanathan N, Meenakshi S. Role of metal
ion incorporation in ion exchange resin on the
selectivity of fluoride. Journal of hazardous
materials. 2009;162(2):920-30.
DOI:
10. 1016.j/jhazmat.2008.05.118
11. Dehghani MH, Faraji M, Mohammadi A,
Kamani H. Optimization of fluoride adsorption
onto natural and modified pumice using
response surface methodology: Isotherm,
kinetic and thermodynamic studies. Korean
Journal
of
Chemical
Engineering.
2017;34(2):454-6. 2 DOI: 10.1007/s11814016-0274-4
12. Bhatnagar A, Kumar E, Sillanpää M. Fluoride
removal from water by adsorption—a review.
Chemical Engineering Journal. 2011; 171(3):
811-40. DOi: 10.1016.j.cej.2011.05.028
13. Yusof AM, Malek NANN. Removal of Cr (VI)
and As (V) from aqueous solutions by
HDTMA-modified zeolite Y. Journal of
Hazardous Materials. 2009;162(2):1019-24.
DOI: 10.1016/j.jhazamat.2008.05.134
14. Leyva-Ramos R, Jacobo-Azuara A, DiazFlores P, Guerrero-Coronado R, MendozaBarron J, Berber-Mendoza M. Adsorption of
chromium (VI) from an aqueous solution on a
surfactant-modified zeolite. Colloids and
Surfaces A: Physicochemical and Engineering
Aspects. 2008;330(1):35-41. DOI: 10.1016/j
.colsurfa.2008.07.025
15. Wingenfelder U, Furrer G, Schulin R. Sorption
of antimonate by HDTMA-modified zeolite.
Microporous and Mesoporous Materials.
2006;95(1):265-71.DOI: 10.1016/j.micromeso.
2006.06.001
16. Wang S, Gong W, Liu X, Gao B ,Yue Q.
Removal of fulvic acids using the surfactant
modified zeolite in a fixed-bed reactor.
Separation and Purification Technology.
2006;51(3):367-73. DOI: 10.1016/j. seppur.
2006.02.019
17. Sepehr MN, Sivasankar V, Zarrabi M, Kumar
MS. Surface modification of pumice
enhancing its fluoride adsorption capacity: An

Downloaded from jhs.mazums.ac.ir at 9:53 +0430 on Monday August 20th 2018

[ DOI: 10.29252/jhs.5.3.65 ]

Fluoride adsorption onto modified eucalyptus leaves

insight into kinetic and thermodynamic
studies. Chemical engineering journal.
2013;228:192-204. DOI: 10. 1016/j. cej. 2013.
04.089
18. Asgari G, Roshani B, Ghanizadeh G. The
investigation of kinetic and isotherm of
fluoride adsorption onto functionalize pumice
stone. Journal of hazardous materials.
2012;217:123-32.DOI: 10.1016/j .jhazamat.
2012.03.003
19. Mourabet M, El Rhilassi A, El Boujaady H,
Bennani-Ziatni M, Taitai A. Use of response
surface methodology for optimization of
fluoride adsorption in an aqueous solution by
Brushite. Arabian Journal of Chemistry. 2014.
DOi: 10.1016/j.arabic.2013.12.028
20. Mourabet M, El Rhilassi A, El Boujaady H,
Bennani-Ziatni M, El Hamri R, Taitai A.
Removal of fluoride from aqueous solution by
adsorption on hydroxyapatite (HAp) using
response surface methodology. Journal of
Saudi Chemical Society. 2015;19(6):603-15.
DOI: 10.1016/j . jscs. 2012.03.003
21. Fazlzadeh M, Hazrati S, Adhami SH.
Modification of Green Clay by HCl and
H2SO4 to Remove Humic Acid from Aqueous
Solutions Journal of Occupational and
Environmental Health. 2016;2(1):27-46.
22. Dashti Khavidaki H, Aghaie H. Adsorption of
thallium (I) ions using eucalyptus leaves
powder.
CLEAN–Soil,
Air,
Water.
2013;41(7):673-9. DOI: 10. 1002/ clen.
201200378
23. Órfão J, Silva A, Pereira J, Barata S, Fonseca
I, Faria P, et al. Adsorption of a reactive dye
on chemically modified activated carbons—
influence of pH. Journal of Colloid and
Interface Science. 2006;296(2):480-9.
DOI:
10.1016/ j.jcis.2005.09.063
24. Association APH, Association AWW,
Federation WPC, Federation WE. Standard
methods for the examination of water and
wastewater:
American
Public
Health
Association.; 2005.
25. Sundaram CS, Viswanathan N, Meenakshi S.
Defluoridation
chemistry
of
synthetic
hydroxyapatite at nano scale: equilibrium and
kinetic studies. Journal of Hazardous
Materials. 2008;155(1):206-15.
DOI:
10.1016/j.jhazmat.2007.11.048
26. Bazrafshan E, Khoshnamvand N, Mahvi AH.
Fluoride removal from aqueous environments

M. Faraji .et al

by zncl 2-treated eucalyptus leaves as a natural
adsorbent. Fluoride. 2015;48(4).
27. Al-Asheh S, Banat F, Abu-Aitah L. Adsorption
of phenol using different types of activated
bentonites. Separation and purification
technology. 2003;33(1):1-1.0 DOI: 10.1016/
s1388-5866(02)00180-6
28. Malakootian M, Fatehizadeh A, Yousefi N.
Evaluating the effectiveness of modified
pumice in fluoride removal from water. Asian
Journal of Chemistry. 2011;23(8):3691.
29. Chen S, Yue Q, Gao B, Xu X. Equilibrium and
kinetic adsorption study of the adsorptive
removal of Cr (VI) using modified wheat
residue. Journal of Colloid and Interface
Science. 2010;349(1):256-64. DOI: 10.1016/
j.jcis.2010.05.057
30. Faraji M, Mehrizi EA, Sadani M, Karimaei M,
Ghahramani E, Ghadiri K, et al. Isotherms and
kinetics of lead and cadmium uptake from the
waste leachate by natural and modified
clinoptilolite.
International
Journal
of
Environmental
Health
Engineering.
2012;1(1):26. DOI: 10.4103/2277-9183. 98385
31. Biglari H, Javan N, Khosravi R, Zarei A.
Direct Blue 71 Removal from Aqueous
Solutions by Adsorption on Pistachio Hull
Waste:
Equilibrium,
Kinetic
and
Thermodynamic Studies. Iranian Journal Of
Health Sciences. 2016;4(2):55-70. DOI: 10.
18869/ acadpub.jhs.4.2.55
32. Behnamfard A, Salarirad MM. Equilibrium
and kinetic studies on free cyanide adsorption
from aqueous solution by activated carbon.
Journal of hazardous materials. 2009;
170(1):127-33. DOI: 10.1016/j . jhazmat.
2009. 04.124
33. El Nemr A. Potential of pomegranate husk
carbon for Cr (VI) removal from wastewater:
Kinetic and isotherm studies. Journal of
Hazardous
Materials.
2009;161(1):13241.DOI: 10.1016/j.jhazmat.2008.03.093
34. Sobhanardakani S, Zandipak R. Removal of
Anionic Dyes (Direct Blue 106 and Acid
Green 25) from Aqueous Solutions Using
Oxidized Multi-Walled Carbon Nanotubes.
Iranian Journal Of Health Sciences.
2015;3(3):48-57. DOI: 10. 7508/ijhs. 2015. 03.
006.

Iran J Health Sci 2017; 5(3): 77

