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Abstract

High fluoride levels in ground water used for drinking have caused health concerns for millions of people across the
world. Pakistan is one of the countries that have been contaminated by these toxins. However, a little amount of
fluoride is required for tooth and bone strength. In any event, the presence of too much of it in drinking water
can cause diseases in both people and animals. This study is focused on the synthesis of bio-adsorbent bone char
to adsorbent for the removal of fluoride from groundwater obtained from Islamkot district Tharparkar. The bone
char was synthesized by pyrolysis of used cow bones at temperature 550°C. The fluoride removal efficiency of bone
char was optimized. The impacts of different operating parameters such as flow rates (5mL/min, 10mL/min and
15mL/min), bed height of adsorbent (2cm, 4cm and 6cm), initial fluoride concentration 7.85 mg/L, and contact
time (30min, 60min, and 90min) were studied. The removal efficiency was enhanced by increasing the adsorbent
bed height and decreasing contact time, and flow rate. With an initial concentration of fluoride 7.85mg/L, the
maximum removal efficiency of 90.2% was obtained when the adsorbent bed height, flow rate and contact time
were optimized to 6 cm, 5 mL/min and 30min, respectively. The finding showed that bone char can be used as an

eco-friendly, inexpensive, and efficient adsorbent for removing fluoride from groundwater.
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1 Introduction

ROUNDWATER has been used to provide drink-
G ing water for thousands of years. Even today,
a huge portion of the world’s population relies on
groundwater for drinking. As a result, groundwater
quality is extremely important. The presence of inor-
ganic contaminants in groundwater, such as arsenic
and fluoride, is a significant quality issue [1]. A mix-
ture of natural and anthropogenic activities has an
impact on fluoride mobilization in the environment
[2]. Natural actives include the breakdown, dissipation,
and dissociation of fluoride-based minerals such as,
cryolite, apatite, amphiboles fluorite, micas, topaz,
and other fluoride-bearing minerals, sources that are
anthropogenic include mining, use of pesticide and the
use of brick kiln contribute fluoride aquatic system [3].
Fluoride concentrations in groundwater resources are
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affected by geographic location and are strongly linked
to surrounding volcanic activity and fumarolic gases
[4].

The World Health Organization’s (WHO) recom-
mended value of Fluoride in drinking water is 1.5
mg/L. (WHO, 2011). According to the most recent
estimates, fluorosis affects almost 200 million of people
live in more than 30 countries around the world [5].
Pakistan is also one of the countries facing this issue
[6]. In Sindh province of Pakistan, concentration of
fluoride is way above the recommended limit given by
WHO. In Tharparkar city, concentration of fluoride is
0.93 ppm to 11.8 ppm [7].

Excessive amount of flouride is very harmful for
health and causes many problems. Too much fluo-
ride in the water creates health problems such as
Alzheimer’s disease, bone brittleness, brain damaged,
arthritis, cancer, osteoporosis, thyroid malfunction,
and infertility [6]. Fluorosis is a frequent sign of flu-
oride ingestion, and it is characterized by tooth mot-
tling in moderate instances, neurological impairment
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in severe cases, and bone embrittlement in severe cases
(Figure 1) [8]. Many methods used for defluoridation
such as, Membrane process [9], co-precipitation [10],
precipitation-coagulation [11], adsorption [12], and
ion-exchange methods are some of the technologies
available for the purpose of removing fluoride con-
tamination from drinking water [13]. The majority of
de-fluoridation processes are extremely complicated,
necessitating the use of expert staff, and have a high
cost [14]. Adsorption is the preferred technology for
defluoridation of water at small and industrial scales
due to its low price, ease of use, availability, acces-
sibility, higher efficiency, environmental friendliness,
and lack of operational expertise and electric power
required conducting the process. For the removal of
fluoride ions from aqueous solution, groundwater, and
waste water in adsorption, carbon-based adsorbent, in-
dustrial and agricultural wastes have been investigated
and employed. Activated alumina and bone char were
the most effective commercial adsorbents for removing
fluoride from water [15].

Adsorbents for fluoride adsorption have recently
been developed, including bone char, magnetite, kaoli-
nite, clays, biomass, activated alumina, iron oxides,
activated carbon, bauxite, and serpentine [16][17][18].
Bone char adsorbent is very effective for the removal
of contaminants form water. Animals are butchered
all around the world to meet human need for meat.
As a result, a large amount of animal bone becomes
bone residue, which has an impact on the ecosystem.
Animal bone, for example, has morphological qualities
(surface area and pore volumes) that make it favorable
for adsorption of various chemicals. The ability of
hydroxyapatite and bone to remove fluoride [3].

In this paper, bio-adsorbent bone char was syn-
thesized by pyrolysis process and used as an adsor-
bent in adsorption column for defluoridation from
groundwater of Tharparkar, Sindh, Pakistan. We used
bone char in column as an adsorbent and performed
many experiments of groundwater and analyzed dif-
ferent parameter such as bed height, flow rate, initial
fluoride concentrations, final fluoride concentrations
and empty contact bed time to find the best fluoride
adsorption efficiency.

2 Materials & Methods
2.1 Materials

All the chemicals utilized in this investigation where
extremely pure grade and were acquired from Beruni
Scientific Store in Hyderabad, Sindh, Pakistan. Cow
bones were obtained from a butcher shop Hyderabad.

2.2 Sample Collection

The sample of ground water was collected from the
well in Islamkot city, District Tharparkar, Sindh, Pak-
istan. The depth of that well was 14m (Figure 2).

2.3 Pretreatment of Bone Residues

The bones were washed with tap water; the undesir-
able material and odor was removed from the bones
using a hydrogen peroxide and sodium bicarbonate
combination. Additionally, the bones were treated
with hydrogen peroxide and sodium bicarbonate for an
hour before being cleaned with water again. Following
cleaning, the bones were dried completely in the sun
for 15 days before being crushed. Using a convec-
tive oven at 120 °C for 20 minutes, any remaining
moisture from the bones was eliminated. The bones
were crushed using a jaw crusher and sieved, and
subsequently put in an oven at 105°C for removing
moisture content in order to create a larger surface
area for Pyrolysis.

Pyrolysis process was used to create bone char,
which was then used to remove fluoride. This was
accomplished by heating the bones at a rate of
4.5°C/min for 2 hours to attain 550°C temperature in
the absence of air, used the bubbler at the outlet of the
reactor [19]. After Pyrolysis, the temperature of the
bone char was lowered to ambient, and a sample was
taken, and then grinded by using a pestle and mortar
and an average particle size of 0.540 mm getting after
sieving (Figure 4).

2.4 Adsorption Study

The adsorption experiment was carried out in a glass
adsorption column with a length of one meter and a
diameter of three inches. The continuous packed bed
column’s design is shown in Figure 5 in column the
adsorbent was fully packed and bottom of the column
is supported by wool to prevent the loss of adsorbent
during filtration process. After packing through the
peristaltic pump, the fluoride contaminated water was
pumped through the top of the column for treatment.
After treatment, the water samples were collected in
glass beaker and stored in plastic sample container for
investigation.

2.5 Column Experiments

The experiment was conducted using an adsorption
column. The de-fluoridation performance of the col-
umn is influenced by many factors. Bed height of
adsorbent, flow rate, contact time, initial concentra-
tion, and final concentration are the most influential
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Fig. 4: (a) Bone char, (b) sieving process of bone char, (c¢) after Sieving bone char

characteristics. The active sites of adsorption are influ-
enced by height of the adsorbent bed. As a result, the
effect of adsorbent bed height for three different values
(i.e., 2cm, 4cm and 6cm) was investigated. The contact
time of given adsorbate solution with adsorbent is
significantly affected by influent solution flow rates.
Therefore, the effect of three different influent flow
rates (i.e., 5 mL/min, 10 mL/min and 15mL/min)
of fluoride solution was investigated. The empty bed
contact time influences the contact of adsorbent in

adsorption column. As a result; for three different
values (i.e., 30min, 60min and 90min) the effect of
contact time was investigated. The saturation level
of active sites present on the adsorbent sample is
affected by the concentration of adsorbate solution
(influent). As a result, the column’s performance for
the inlet concentration of fluoride at 7.85 mg/L from
well depth 14m was investigated . The initial and
final concentrations of fluoride were analyzed through
atomic absorption spectroscopy. The absorbability of
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Fig. 5: Adsorption column

fluoride in column was calculated as follows,

% Removal = (C; — C)/C; x 100 (1)

where C; is the initial concentration of fluoride
(mg/L), and C, is the equilibrium or final concentra-
tion of fluoride (mg/L). The time duration of contact
between adsorbent samples used in the column and
solution of adsorbate is defined as the empty bed
contact time (EBCT). The EBCT is calculated as
follows,

EBCT = v

0 (2)
where V' is the volume of adsorbent sample placed
in fixed bed adsorption column in em?, and @ is the
flowrate of influent in mL /min.

3 Results & Discussion

3.1 Effect of Flow rate on Fluoride Removal Ef-
ficiency

The effect of flow rate on the removal of Fluoride
adsorption was investigated by varying the flow rate
from (5 mL/min, 10 mL/min and 15mL/min) at the
three different bed height (2cm, 4cm and 6cm) and
inlet adsorbate concentration of 7.85 mg/L, as shown
in (Table 1-3). It was observed that maximum re-
moval efficiency 90.3% occurred at a lower flow rate (5
mL/min) at the bed height (6 cm), because adsorbate
has more time to interact with the surface of adsorbent
[20]. At higher flow rates (15 mL/min), the removal
efficiency decreased (41.2%) at (2 cm) which is due to
the fast saturation of adsorbent surface (Figure 6).

3.2 Effect of Contact Time on Fluoride Removal
Efficiency

The contact time refers to the amount of time the
treated solution is in contact with the adsorbent. As
a result, contact time can have a significant impact on

At 5 mL/min flow rate
Initial Bed Final gle“;‘gsaﬁ
Concentration | Height | Concentration .
(mg/L) (em) | (mg/L) fgciency
(%)

2 2.19 72
7.85 mg/L 4 1.28 83.6

6 0.76 90.3

TABLE 1: Effect of 5 mL/min flow rate on fluoride
percentage removal efficiency at 7.85mg/L initial fluo-
ride concentration

At 10 mL/min flow rate
Initial Bed Final gleun(ilc‘)l\?;
Concentration | Height | Concentration R
(mg/L) (cm) | (mg/L) ey
(%)

2 2.85 63.6
7.85 mg/L 4 2.14 72.7

6 01.38 82.3

TABLE 2: Effect of 10 mL/min flow rate on fluoride
percentage removal efficiency at 7.85mg/L initial fluo-
ride concentration

At 15 mL/min flow rate
Initial Bed Final El;(::;s;
Concentration | Height | Concentration R
(mg/L) (om) | (mg/L) oo
(%)

2 3.19 59.3
7.85 mg/L 4 2.72 65.3

6 1.73 77.9

TABLE 3: Effect of 15 mL/min flow rate on fluoride
percentage removal efficiency at 7.85mg/L initial fluo-
ride concentration
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Fig. 6: Effect of flow rate on fluoride percentage re-
moval efficiency at different bed height at 7.85mg/L
initial fluoride concentration
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Fig. 7: Effect of time on fluoride percentage removal
efficiency at different bed height at 7.85mg/L initial
fluoride concentration

adsorption, especially if adsorption is primarily depen-
dent on the contact duration between the adsorbent
and the adsorbate [21].

The effect of contact time was investigated by vary-
ing the flow rates and contact time, the flow rates were
5mL/min, 10mL/min and 15mL/min, corresponding
to contact time of 30min, 60min and 90min, respec-
tively (Table 4-5). The highest removal efficiency was
achieved when the flow rate decreased and contact
time increased due to more interaction between adsor-
bent and adsorbate. When the flow rate increased, the
lower contact time resulted in lower column utilization
[22]. It was observed that the maximum removal effi-
ciency 90.2% occurred at a lower time adsorption (30
min) at the bed height (6 cm), at lower flow rate (5
mL/min). The removal efficiency decreased (41.2%) at
at a higher time adsorption (90 min) and bed height
(2 cm) which is due to the passage of time adsorption
capacity of adsorbent decreases (Figure 7).

3.3 Effect of Bed height on Fluoride Removal
Efficiency

Our aim was to study the effect of bed height on fluo-
ride removal efficiency by varying bed height and flow
rates. Initial concentration 7.85 mg/L of fluoride was
passed through the adsorption column at flow rates
of 5mL/min, 10mL/min and 15mL/min, at varying
the bed height 2cm, 4cm and 6¢m for investigation of
fluoride removal (Table 7-9). It was observed that the
maximum removal efficiency (90.3%) was observed at
bed height of 6¢cm and at 5mL/min due more interac-
tion between adsorbent and adsorbate, and at 2cm bed
height and 15mL/min flow rate the minimum removal
efficiency (59.3%) was observed. Thus, it was noticed
that the removal efficiency increased with increase in
bed height of adsorbent and decreased in flow rate

—=— Flowrate at 5 mli/min
100 4 #— Flowrate at 10 ml/min
—4— Flowrate at 15 ml/min
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Fig. 8: Effect of bed height on fluoride percentage
removal efficiency at different flow rate at 7.85mg/L
initial fluoride concentration

(Figure 8). The length of the bed height strongly
influenced the column performance.

4 Conclusion

In this study, the fluoride removal efficiency of bio-
adsorbent bone char from cow bones was investi-
gated. Bone char was synthesized by pyrolysis at
the temperature of 550°C. After pyrolysis the bone
char, particle size was reduced to 0.540 mm through
grinding process. Synthetic bone char was used as an
adsorbent for column study removal of fluoride from
groundwater of Islamkot. Performance of column was
optimized by varying different parameters such as flow
rates, bed heights and contact time. The maximum
fluoride removal efficiency achieved at 5 mL/min is
about 90.3% at 6 cm bed height. Furthermore, it was
shown that contact time has a substantial impact on
fluoride removal efficiency. With a contact time of 30
minutes, the maximum fluoride removal effectiveness
of 90.2% was achieved. The current study shows that
bone char has a high potential for removing fluoride
from water as an adsorbent. The synthetic adsorbent
is safe for the environment and may be used to replace
a variety of organic and inorganic coagulants. Bone
char adsorbent may be manufactured to help people
who use fluoride contaminated water in this area. This
material is commonly accessible and has been found
effective for fluoride removal.
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