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Abstract

Background: The aim of this study was to evaluate the adsorption potential of natural and locally available
soapstone and Calcium bentonite clay for fluoride removal from aqueous solution and to determine the optimum
conditions for use. Adsorption potential was anchored on the availability of hydroxyl and aluminum ions
inherent in both minerals which have been established to have ability for fluoride adsorption in aqueous
solutions. Adsorption potential was investigated using batch equilibrium experiments.

Materials and Methods; Mineralogical characterizations were done using X-ray fluorescencespectroscopy.
Fluoride ion selective electrode was used in determination of fluoride content in aqueous solution.Optimization
studiesoninitial pH of the solution, contact time, initial fluoride concentration, adsorbent dose, and heat
pretreatment of the adsorbent were done in batch adsorption experimentsat room temperature.

Results:It was observed that calcium bentonite exhibited better adsorption capacity of 0.21mg/g while
soapstone had 0.08mg/g at a contact time of 45 min and 5 min respectively.The optimum pH for both adsorbents
was established at 3.6. The experimental data for bentonite fitted well with Langmuir isotherm indicating a
monolayer adsorption while for Soapstone fitted better into Freundlich adsorption, indicating multilayer
adsorption with heterogeneous energetic distribution of active sites.

Conclusion:Based on these findings, the two adsorbents can be fitted into household defluoridation apparatus
for domestic remediation of fluoride contaminated water.
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I. Introduction

Availability of adequate water, suitable for domestic use, is affected by the inherent components of the
natural water sources. Although anthropogenic activities may also introduce fluorides (F") into water bodies
(Khati, et al., 2015),along the Great Rift Valley some rocks introduce fluorides through leaching into the waters
in quantities that make the water unsuitable for human consumption (Edmunds, et al.,2013).Fluorides though
important for reducing dental carries, when consumed at elevated levels may cause many health problems
including dental and crippling skeletal fluorosis (WHO, 2004) and its accumulation in the bones over many
years causes stiffness and joint pain, changes to bone structure and calcification of ligaments (UN, 2006). World
Health Organisation (WHO) classifies F~ as a major water pollutant, and has set themaximum permissible limit
of F" in drinking water is 1.5 mg/L.

In Kenya, the National Standards Body also regulates supply of bottled drinking water ensuring
compliance to the same limits. The presence of higher than allowable F levels in natural water used for drinking
has led to a lot of studies on how to lower their levels. Various methods have been applied, including
physicochemical and biological methods in the remediation of F~ laden water (Loganathan, et al., 2013). Many
physicochemical methods are based on membrane separation techniques which can be divided into
microfiltration (MF), ultrafiltration (UF), Nano filtration (NF), and reverse osmosis (RO), blending,
precipitation, coagulation, electrocoagulation, ion exchange, electrochemical methods and adsorption
techniques. Adsorptiontechniques have great advantage and are considered more attractive due to their ease of
use, their effectiveness and simplicity of design. Some adsorbents have been observed as being capable of
removing fluorides from water only at a low concentration of 2 mg/L, while others are effective only at
extremely low pH levels and may thus not be effective in natural conditions limiting their
applicability(Ravindhranath, et al., 2015). Despite availability of a good variety of low-cost adsorbents and with
reasonable effectiveness, the adsorbents for reducing fluoride concentration levels to the accepted levels have
not been exhaustively explored (Ayoob, et al., 2006). Adsorption of fluorides theoretically proceeds in three
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essential steps; diffusion or transport of fluoride ions to the external surface of the adsorbent, adsorption of the
ions on to the solid adsorbent surface and finally ions exchanging with the structural elements inside adsorbent
particles or the adsorbed fluoride ions being transferred to the internal surfaces for porous materials(Sanghratna,
et al., 2015). Both Calcium bentonite (Ca-bent) and soapstone have characteristics that can allow adsorption of
the fluoride minerals by ion exchange (with OH’) and adsorption (through AI**) onto the surface and may thus
offer a bigger advantage(Medellin-Castillo et al., 2014;Vardhan et al., 2011).

Il. Materials and Methods
Chemicals and reagents
This study used 100.0 mgL™ of ammonium fluoride solution having 99.5%puritywith expanded
uncertainty of 0.4 mgL™, analytical grade sodium chloride crystals (NaCl, 99.5% purity), 0.1 M sodium
hydroxide (NaOH) of 99.5% purity with expanded uncertainty of +0.005 mgL™ and 99.5% pure citric acid
crystals and Total lonic Strength Adjustment Buffer 11 (TISAB II). These reagents were obtained from Romil
Pure Chemistry®, United Kingdom.

Preparation of fluoride solution

From the 100 mg L™ F~ standard solution, further dilutions were made using a class A volumetric flask.
Total lonic Strength Adjustment Buffer Il (TISAB I1) was used with each test to maintain the ionic strength and
pH and to decomplex any Metal-F complexes that may occur in the course of the experiment or that may be
inherent to the measurements (lonode, 2019). The adsorption experiments were performed at temperatures of
25+1 °C.

Preparation of adsorbents

Ca-bent originally form Mount Kenya area in Kenya was received in fine powder form and thus did not
require any further preparation to increase its surface area. Soapstone samples obtained from Tabaka area of
Kisii County in Kenya were crushedin the form obtained from the quarriesusing a Retsch® sample mill which
had a maximum speed of 1200 revolutions per minute and was able to reduce the required sample quantity for
each batch experiment to powder form in less than 30 seconds. No further sample preparation was done.

Instrumentation

The two adsorbents were subjected to XRF (X-ray fluorescence) analysis using the handheld S1-Tinan
model of Bruker instruments. F~ concentration was measured by the potentiometric method using EDT
directlON DR359TX - lon Concentration Meter with a fluoride-specific ion electrode. When determining the
effect of pH on adsorption of F, a Hanna H198191, Portable pH meter was used.

XRF characterization

Powdered samples of soapstone and Ca-bent were placed into 30 mm open-ended XRF. The cups were
then sealed with a 3.0-um prolene X-ray film. The appropriate XRF mode was selected from the instrument
control panel. The XRF rays were directed onto the samples passing through the X-ray film. The mode selected
took several readings and returned the average reading.

Optimization studies

Known quantities of adsorbents were added to the prepared synthetic fluoride solutionsand the reaction
mixtures continuously agitated in an orbital shaker at 150 revolutions per minute. At the end of each experiment,
the solutionswerefiltered into a vacuum flask by vacuum filtration through Whatman No. 42 filter paper for F~
analysis.

To determine the influence of contact time on fluoride removal, experiments were carried out at constant
concentration and volume of the adsorbate solution and constant weight of adsorbent while varying the agitation
time. To study the influence of adsorbent dosage experiments were performed by changing the amount of
adsorbent in the 50 ml solution of ammonium fluoride. The influence of preheat treatment of the adsorbents on
fluoride adsorption was investigated by conditioning the adsorbents at temperatures of 100°C, 210°C, 300°C and
500°Cfor two hours each then cooling to room temperature while the fluoride concentration and dosage of the
adsorbent for all these batches were kept constant. Batch experiments were also conducted to study the effects
of Chlorides ions by varying the concentration while maintaining the initial fluoride concentration.The effect of
initial adsorbate concentration was also carried out by varying the concentrations of the adsorbate and
maintaining the other parameters constant.
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Fluoride Removal Calculation

Amount of the adsorbed F-, Qe (mg/g), was calculated according to Equation 1:

QB = (CO=COY W X V. e e e e e )
where,

Qe is the adsorption capacity (mg/g) of the adsorbent at equilibrium; Co, Ce are initial and equilibrium
concentrations of F- (mg/L) in aqueous solution, respectively; V is the volume of the aqueous solution (L) and
W is the mass (g) of adsorbent used in the experiments.

The percent removal %R, at equilibrium, was calculated by using Equation 2:

(Y6R) = (CO= € ) €O X T00. . .ueen ettt e e e e e (2)

I11. Results and Discussion
Elemental analysis
Whenelemental analysis was carried out to find the chemical composition of the Soapstone and Ca-bent, the
analysis revealed that silica (SiO,) followed by alumina (Al,O3) were the main components as shown in Tables
1 and 2respectively.

Table No. 1. XRF compositional analysis of soapstone

Element %m/m
Silica as SiO2 50.74
Aluminum as Al,O4 34.74
Titanium as TiO 3.6
Potassium as K,O 2.17
Calcium Oxides as CaO 0.96
Phosphorus as P,0s 0.86
Iron as Fe,03 0.35
Sulphur as S 0.13
Barium as Ba 0.09
Tinas Sn 0.07
Rubidium as Rb 0.04
Manganese as MnO; 0.01
Chromium as Cr,03 0.01

Table No. 2. XRF compositional analysis of Ca- bent

Element %m/m
Silica as SiO, 63.17
Aluminum as Al,O; 18.44
Iron as Fe,03 8.04
Potassium as K,O 7.3
Calcium Oxides as CaO 1.06
Phosphorus as P,0s 0.84
Titanium as TiO 0.33
Zicronium as Zr 0.23
Manganese as MnOg 0.16
Sulphur as S 0.12
Barium as Ba 0.08
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Zinc as Zn 0.02

The results show that in Ca-bent, the element with the highest content by mass was silica having 63.17%,
followed by Aluminum at 18.44% and then Iron at 8.04%. These results compare well with the results from a
study on Characterization and Qualitative Analysis of Some Nigerian Clay, where sample 1 had Silica value of
63.35%, followed by Aluminum at 22.42% and then Iron at 6.109% (Folorunso, et al., 2014).

Optimization of Experiments Results

Effect of pH

In order to determine the resulting effect of change in the pH of the solutions in the removal of fluorides in
water, the pH values of the water samples werevaried from 1.5 to 11.6, and the solutions subjected to both
soapstone and Ca-bent defluoridation tests. The pH was adjusted accordingly using 0.1M Citric acid 0.1M
NaOH. Figure 1 shows the influence of pH on fluoride removal.
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Figure 1.Effect of pH on uptake of F°

Fluoride adsorption onto the surface of both soapstone and Ca-bent adsorbents was analysed. The
contact time applied for Soapstone was 5 minutes while that of Ca-bentonite was 30 minutes. It was observed
that adsorption in both cases was dependent on the pH of the fluoridated water. pH effect examined in the range
of 1.5 to 11.6 indicated a peak adsorption at around 3.6 for both adsorbates. This observation tends to agree that
a comparatively higher level of adsorption of fluorides from water usually occurs at pH values of 3.6 since the
solution’s pH values can affect the surface properties of adsorbents (Collivignarelli, et al., 2020). The relatively
high adsorption at low pH may be since the two adsorbents consist of a mixture of several oxides that tend to
develop charge on the surface in a humid environment (Assaoui, et al., 2020). As the pH lowers and the
environment becomes more acidic, the negative charges developed on the surface of the adsorbents are
neutralised resulting in the further adsorption of the negatively charged fluoride ions. The graph clearly
illustrates this phenomenon. As the pH reduces from the basic of 11.6 through neutral to acidity, more
adsorption takes place for both adsorbents. Similar to these results, a study for evaluation of Bentonite/Chitosan
beads for adsorption of fluoride from aqueous solution demonstrated that lower pH values favoured fluoride
adsorption(Zhang, et al., 2013).

Effect of Contact Time

The effect of contact time was investigated by varying the contact time at intervals from 5 minutes, 10 minutes,
15 minutes, 30 minutes, and 60 minutes. Variation of contact time allows for determination of the ideal time
required for the anion to be adsorbed onto the adsorbate sites and reach saturation.
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Figure 2. Effect of Contact time on adsorption

The results obtainedshowed that after 5 minutes of contact time adsorption on the surface of soapstone
was at its optimum since the amount of Fluoride remained constant from that point onwards as illustrated in
Figure 2.

On the other hand, for Ca-bent clay, 45 minutes of contact time was found to offer the optimum period
of adsorption since the amount of Fluoride reached its peak at that point as illustrated in the Figure 2. From the
illustration above, the rate of fluoride removal rose very fast and subsequently slowed. This can be attributed to
the fact that initially there were several adsorption sites on the surface of the adsorbent available for immediate
adsorption and as the sites became fewer the probability of adsorption decreased. Similar pattern of adsorption
was reported in the study of adsorption of fluoride from water by Al3+ and Fe3+ pretreated natural Iranian
zeolites by Rahmani., et al (2010).

Effect of initial F~ concentration

The effect of initial concentration on the extent of removal of the fluoride was studied by varying the
concentrations from 0.5 to 10 mg/L, while keeping other parameters constant at their respective optimum. The
adsorbents’ dose was held constant at 0.75¢g. The graph below (Figure 3.) illustrates the relationship.
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Figure3. Effect of initial F~ concentration
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Increasing the adsorbate dose provides the system with constant supply of the F', the adsorbent to
adsorbate ratio reduces leading to saturation of adsorption sites lowering the % removal (Yu et al., 2003). as can
be seen from Figure 3. The slight initial increase may be attributed to more exposed active sites on Ca-bent as
compared to soapstone that has some adsorption sites internal to its structure and only available at the edges of
the silica sheet (Zhang, et al., 2013). After saturation they both show a similar downward trend.

Effect of adsorbent dose on adsorption of F
To determine the effect of increasing the adsorbent dose on defluoridation, the two adsorbents were added in
different quantitiesas shown in the subsequent subheadings.

Effect of soapstone dose on adsorption of F

The amount of soapstone added to 50ml of 10mg/L of synthetic fluoridated water, was as follows; 0.1 g, 0.5g,
1.0g 2.0g, 4.0g6.0g and 8.0g.

With the increase of adsorbent, there was an increase in the amount of fluorides adsorbed. This could be
attributed to the fact that the increased dosage of the adsorbent is accompanied by more adsorption sites.
However, at a dosage of 4 grams it was observed that there was an onset of decline in the rate of adsorption, and
this was taken as theideal adsorption weight. The illustration is on Figure 4.
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Figure 4.Effect of soapstone dose

Effect of ca-bent dose on adsorption of F

Similarly, investigation on the effect of increasing the Ca-bentonite adsorbent dose was done. The
amount of bentonite added to 50ml of 10mg/L of synthetic fluoride ion solution wasin increments of 0.1g,
0.25g, 0.5g 0.75g, 1.0g, 1.50g and 3.0 g.It is noticed from the graph in Figure 5. That the optimum weight of the
adsorbent is 0.75¢.This infers that the amount of the adsorbate adsorbed per unit mass of adsorbent has a limit
with the adsorbent dosage due to the matter rate transfer at the surface of the absorbents(Daouda, et al.,
2019)The illustration is as depicted in the graph (figure 5) below.
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Figure 5.Effect of Ca-bent adsorbent dose
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The experimental conditions for both adsorbents were held constant except for the adsorbent dose. As
in the case of soapstone, in Ca-bent,initial increase of adsorbate resulted in increased adsorption and the initial
rate of adsorption reacheda peak at 0.75¢g after which it plateaued (Figure 5) and the started rising again after
with adsorbent dose of 1.51g from 37.625% to 61.5% at 3.02g of the clay. The ideal weights of adsorbents for
the subsequent studies were thus taken as4.0g and 0.75g for soapstone and Ca-bent respectively. Similar results
were obtained in research (Kanaujia, et al., 2015;Daouda, et al., 2019)which found that increasing adsorbent
dosage increased the fluoride uptake, and thereafter the relative adsorption of fluoride reduced with an increase
in the adsorbent dosage.

Effect of chlorides as coexisting anions

Competing co-ions such as chloride in natural groundwater, and the selectivity of the adsorbent used
may influence the process of defluoridation (Marzbani, 2013). To determine the effect of chlorides (CI') in the
adsorption of fluorides from water, a solution of 10ppm offluoridated water was constituted together
withdifferent concentrations of sodium chloride tomake 2.5ppm, 5.0ppm and 7.5ppm of CI" separately. These
three CI" concentrations havinglOppm of Fions were then subjected to adsorption studies using optimum
weights of 0.75g of Ca-bentonite and 4.0g of soapstone for the optimum period obtained in the optimization
experiments. The graph below illustrates the relationship of with two adsorbents.

35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

% Rate of F- removal

25 5 7.5
Cl- Concentration in ppm

Bentonite Soapstone adsorbent

DOI: 10.9790/5736-1602011827 www.iosrjournals.org 24 | Page



Remediation of Fluoride LadenWater by Sorption using KenyanKisii Soapstone and Calcium
Bentonite

Figure 6. Effect of Cl- concentration on adsorption of F

Figure 6 shows that with increase in Cions, there is a corresponding decrease in uptake of the fluorides
by the two adsorbents. This indicates that there is competition for adsorption sites by the two anions. Water
treatment with chlorine prior to removal of F” by adsorption method may therefore have a negative effect on the
efficiency of fluoride adsorptionusing the two adsorbents.It has been observed that some anions are capable
intensifyingcolumbicrepulsion forces and thusoffer competition with fluoride for the active sites,lowering
adsorption. However, the multivalent compared to monovalent anionsare adsorbed more easily(Nabizadeh, et
al., 2015).

Effect of preheat treatment of the adsorbent

Heat has been used to optimize adsorbent and improve their adsorption efficiency by altering the
surface chemistry, exposing the adsorption sites by improving the porosity and oxidation (S&enz-Alanis, et al.,
2017). The reverse is also possible leading to collapse in the structure and dihydroxylation of the adsorbates thus
reduction in adsorption (Stagnaro, et al., 2012).

The adsorbents were heated in an oven and muffle furnace to temperatures ranging from 100°C to
500°C. This was done to determine if the chemistry of the adsorbents would be improved by the heat treatment
and thus optimize their defluoridation ability. The graph below (Figure7.) depicts the behavior of the adsorbents
when they were subjected to defluoridation studies.
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Figure 7.Effect of heat treatment of adsorbents on adsorption of F" ions

Ca-bentonite was preheated for 2 hours at 100°Cand then allowed to cool to room temperature.It was
noted that there was a slight improvement in the uptake of fluorides. A similar effect was observed on
soapstonewhen it was preheated at 100°C to 210°C for 2 hours and then cooled. This can be attributed to the fact
that moisture in the adsorbents was reduced and thus the net weight of the adsorbents increased, increasing the
comparative % F uptake. Upon further preheat treatment of both adsorbentsto temperatures of upto 300 °C and
subsequent cooling to room temperature, their fluoride uptake ability was reduced.In similar experiments that
were carried out to determine the effect of heating SiO,, TiO, and their composites on adsorption of Cd*,
observations indicated that the Brunauer, Emmett and Teller (BET) surface area of all the adsorbents increased
with heat pretreatment from 105°C to 299°C and decreased upon further heat treatment (Waseem, et al., 2017).
The change in adsorption would be due to the distortion of the adsorption sites by extreme heat.An experiment
that was done to determine the influence of Ca-bent treated to temperatures ranging from room temperature to
750°C on the adsorption of Pb, Cd and Zn in an aqueous solution also indicated a decrease in adsorption with
increased heat treatment (Stagnaro, et al., 2012).

Removal capacity
The experimental results were treated to Langmuir and Freundlich isotherms. The removal capacity of
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Ca-bent was found to be 0.21mg/g while that of soapstone 0.08mg/g. The Langmuir isotherm for Ca-bent had a
correlation coefficient R? value of 0.977 while the Freundlich isotherm R? value was 0.9405. As for Soapstone,
theR? for Langmuir isotherm was 0.9671 and Freundlich gave a value of 0.9767. The applicability of the
isotherm equation is compared by judging the correlation coefficients, R®where Langmuir adsorption presumes
ahomogenous site of adsorbent while Freundlich presumably takes place on heterogeneous surface of adsorbent
with irregularrelease of heat of adsorption about the adsorbent surface (Daouda, et al., 2019).From these
observations it is noted that Ca-bent fitted better with Langmuir model suggesting a monolayer type of
adsorption while soapstone fitted well with the Freundlichmodel suggesting a heterogeneous surface adsorption.

IVV. Conclusion

Results from this study of defluoridation of drinking water with a naturally occurring and available
soapstone and Ca-bent clay in Kenya, demonstrated that the efficiency of adsorption process using Ca-bent and
Soapstone adsorbents depends on the pH (optimum of 3.6) of the medium, concentration of medium and time of
contact (5 min for soapstone and 45 minutes for Ca-bent), absorbent dose and competing ions present in the
water. Heat pretreatment of the adsorbents have no substantive benefit in adsorption properties of the two
adsorbents. Ca-bent was found to be a better adsorbent for Fremoval in aqueous solutions at the experimental
conditions assessed having an adsorption capacity of 0.21mg/g while that of soapstone was 0.08mg/g. Kinetic
studies of the two minerals revealed that Ca-Bent adsorption favoured the Langmuir isotherm model of
adsorption, while Soapstone was more inclined towards the Freundlich adsorption model. Both materials
demonstrated that they could reduce fluorides in ground water to the WHO acceptable levels. We recommend
that further experiments with other competing ions be investigated as the information may also help in
determining dual or multiple purpose use in contaminated water remediation.

Acknowledgment
We acknowledge Prof. AustinAluoch, for his technicalsupport and cooperation, Mr. Cyrus Wambari, of
Kenya Bureau of Standards, South Rift Region for logistical support and Staff of Kenya Bureau of Standards
and those of the Department of Mines and Geology, Kenya who assisted in the laboratory work.

References

[1] Assaoui, J., Kheribech, A., Khamliche, L., Brahmi, R., &Hatim, Z. (2020). Moroccan Journal of Chemistry, 8 (4), 1033-1047.

[2] Ayoob, S., & Gupta, A. K. (2006). Fluoride in drinking water: A review on the status and stress effects. Critical Review on
Environment, Science and Technology, 36, 433-487.

[3] Collivignarelli, M. C., Abba, A., Miino, M. C., Torretta, V., Rada, E. C., Francesca, C. M., & Sorlini, S. (2020). Adsorption of
Fluorides in Drinking Water by Pam residues. Sustainability, 12, 1-12.

[4] Daouda, Abia ; Honorine, Amana ; Bertrand, Noumi; Domga, Richard (2019) Adsorption of Rhodamine B onto Orange Peel
Powder. American Journal of Chemistry, 9(5): 142-149

[5] Edmunds, W. M., &Smedley, P. L. (2013). Fluoride in natural waters. In S. O., Essentials of Medical ecology (pp. 311-336.).
Nottinghamshire: Springer, Dordrecht. Doi:https://doi.org/10.1007/978-94-007-437G5-5

[6] Folorunso, D. O., Olumambi, P., & Borode, J. O. (2014). Characterization and Qualitative Analysis of Some Nigerian Clay
Deposits for Refractory Applications. Journal of Applied Chemistry, 7, 40-47.

[7] lonode, P. L. (2019, 01 30). lon Selective Electrode Theory. Retrieved 01 30, 2019, from lonode Good Chemistry:
https://www.ionode.com/theory/ion-selective-theory

[8] Kanaujia, S., Singh, B., & Kumar, S. (2015, January). Removal of Fluoride from Groundwater by CarbonisedPunicagranatum
Carbon (“CPGC”) Bio-Adsorbent. Journal of Geoscience and Environment Protection, 03(04), 1-9.

[9] Khati, N., &Tyag, S. (2015). Influences of natural and anthropogenic factors on surface and groundwater quality in rural and urban
areas. Frontiers in Life Science, 8(1), 23-39.

[10]  Loganathan, P., Vigneswaran, S., Kandasamy, J., & Naidu, R. (2013). Defluoridation of drinking water using adsorption processes.
Journal of hazardous Materials, (248 -249),1-19. Https://doi.org/10.1016/j.jhazmat.2012.12.043

[11]  Marzbani, P. (2013). Annals of Biological Research, 4:159-162

[12]  Medellin-Castillo, N. A., Leyva-Ramos, R., Ocampo-Perez, R., de la Cruz, R. F. G., Aragon-Pina, A., Martinez-Rosales, J. M.,
Guerrero-Coronado, R. M., Fuentes-Rubio, L(2007). Adsorption of fluoride from water solution on bone char. Ind. Eng. Chem.
Res., 46, 9205-9212 https://doi.org/10.1021/ie070023n

[13]  Medellin-Castillo, NA; Leyva-Ramos, R; Padilla-Ortega, E; Ocampo Perez, R; Flores-Cano, JV; Berber-Mendoza, M.S.(2014).
Adsorption capacity of bone char for removing fluoride from water solution. Role of hydroxyapatite content, adsorption mechanism
and competing anions. Journal of Industrial and Engineering Chemistry 20(6):4014-4021

[14]  Nabizadeh , R., Jahangiri-rad, M., & Sadjadl, S. (2015). Modelling the Effects of Competing Anions on Fluoride Removal by
Functionalized Polyacrylonitrile Coated with Iron Oxide Nanoparticles. South Africann Journal of Chemistry, 68, 201-207.

[15] Rahmani, A, Nouri, J., &Ghadiri, K. (2010). Adsorption of fluoride from water by AI** and Fe** pretreated natural Iranian zeolites.
InternationalJournal of Environmental Research, 4(4), 607-614.

[16] Ravindhranath, K., Sundar, B. S., &Suneetha, M. (2015). Studies on Defluoridation Techniques: A Critical Review. International
Journal of ChemtechResearch, 8(8), 295-309.

[17]  Saenz-Alanis, C. A., Garcia-Reyes, R. B., Soto-Regalado, E., &Garcia-Gonzélez, A. (2017). Phenol and methylene blue adsorption
on heat-treated activated carbon: Characterization, kinetics, and equilibrium studies. Adsorption Science & Technology, 35(9-10),
789-805.

DOI: 10.9790/5736-1602011827 www.iosrjournals.org 26 | Page


https://doi.org/10.1021/ie070023n
https://www.researchgate.net/journal/Journal-of-Industrial-and-Engineering-Chemistry-1226-086X

Remediation of Fluoride LadenWater by Sorption using KenyanKisii Soapstone and Calcium
Bentonite

[18]  Sanghratna, W. S., &Arfin, T. (2015). Fluoride Removal from Water by various techniques: Review. International Journal of
Innovative Science, Engineering & Technology, 2(9) 560-571.

[19]  Stagnaro, S. Y., Volzone, C., and Rueda, M. L. (2012). Influence of thermal treatment on bentonite used as adsorbent for Cd, Pb, Zn
retention from mono-solute and poly-solute aqueous solutions. Materials Research, 15:549-553

[20] UN. (2006, November 21). UN News: Global perspective Human Stories. Retrieved from UN News:
https://news.un.org/en/story/2006/11/200362-fluoride-drinking-water-causing-serious-health-problems-warns-un-report

[21]  Vardhan, C. V., &Karthikeyan, J. (2011, September). Removal of fluoride from water using low-cost materials. International Water
Technology Journal, 1(2), 1-12.

[22]  Waseem, M., Muntha , S. T., Nawaz, M., Rehman, W., Rehman, M. A., & Shah, K. H. (2017). Effect of heat treatment on the
efficient adsorption of Cd?®* ions by nanosized SiO,, TiO, and their composite. Materials Research Express, 4(1), 015-017.
Https://doi.org/10.1088/2053-1591/aa55b0

[23]  World Health Organisation. (2004). Fluoride in Drinking-water. London: IWA.

[24]  Yu, LJ., Shukla, S.S., Dorris, K.L., Shukla, A., Margrave, J.L., 2003. Adsorption of chromium from aqueous solutions by maple
sawdust. J. Hazard. Mater 100 (1-3), 53-63

[25]  Zhang, Y., Wang, D., Liu, B., Gao, X., Liang, P., & Xu, Y. (2013). Adsorption of Fluoride from Aqueous Solution Using Low-Cost
Bentonite/Chitosan Beads. American Journal of Analytical chemistry, 4, 48-53.

DOI: 10.9790/5736-1602011827 www.iosrjournals.org 27 | Page

Ted David Omolo, et. al. “Remediation of Fluoride LadenWater by Sorption using KenyanKisii
Soanstone and Calcium Bentonite.’lOSR Journal of Applied Chemistrv (IOSR-JAC) 16(2).


https://doi.org/10.1088/2053-1591/aa55b0

