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Abstract. In this study, physically and chemically
modified chitosan; protonated glycerol diglycidyl ether
cross-linked chitosan beads (GDCLCB/H") were prepared
and characterized using FTIR and SEM. The optimum
defluoridation capacity (DC) of GDCLCB/H' was
observed at the initial F~ ion concentration of 15 mg/l,
adsorbent dosage of 0.6 g, contact time of 30 min and pH of
the solution was in the range of 57 at 303 £2 K. The
equilibrium adsorption data fitted well with Langmuir and
Freundlich isotherm models. The maximum adsorption
capacity (qo), obtained from Langmuir isotherm for F~
adsorption was found to be 2000 mg/kg, which was
significantly higher than that of unmodified chitosan
(192.3 mg/kg) and most of the chitosan-based sorbents
reported in the literature. Water samples collected from
Medawachchiya, Sri Lanka, were treated with the adsorb-
ents and the results suggested that GDCLCB/H' could be
used as an effective defluoridation agent.
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1. Introduction

Fluoride (F") is one of the common anions mainly
found in ground water. F" may enter water bodies due to
the natural processes like weathering, volcanic activity,
etc. and as an anthropogenic pollutant mainly by
wastewater discharges from industries such as phosphate
fertilizers (which contain an average of 3.8 % fluorine),
glass, aluminium production, ceramic, brick, iron works,
and electroplating [1]. Fluoride can enter human body
through water, food and industrial exposure and among
them drinking water can be considered as the major
source of daily intake of F~ [2]. Depending on the total
intake, F~ is known to have both beneficial and adverse
effects on humans, as summarized in Table 1.

Water fluoridation reduces tooth decay among
adults and children but dental and skeletal fluorosis are
also primarily associated with the consumption of
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drinking water containing elevated levels of F [3].
Therefore, a guideline value of 1.5mg/l of F was
recommended by World Health Organization (WHO) as
the maximum permissible concentration level of F in
drinking water [4]. Various treatment methods including
ion exchange [5], chemical precipitation, coagulation [6,
71]. adsorption [8, 10], reverse osmosis [9], nano-filtration
[10], electrodialysis [11], efc. have been widely used for
the treatment of F  containing water. Among these
methods, F~ removal by adsorption is the most widely used
method because most other processes have significant
drawbacks such as high maintenance cost, incomplete
removal, high-energy requirements, generation of toxic
sludge, efc. [12]. A wide variety of adsorbents and their
modifications have been tested for the F removal from
water. These include activated carbons [13], activated
alumina [14], bauxite [15], hematite [16], polymeric resins
[17], activated rice husk [18], brick powder [19], pumice
stone [20], red soil, charcoal, brick, fly ash, serpentine [21],
seed extracts of Moringaoleifera [22], granular ceramics
[23], chitin [16], modified ferric oxide/hydroxide,
hydroxyapatite [24], zirconium and cerium modified
materials [25], chitosan derivatives and composites [16,
26], etc. As bisorption is considered to be a cost-effective,
environmentally friendly, simple and efficient method for
water treatment, in this study the potential of use of
physically and chemically modified chitosan as F” removal
agent in drinking water was studied.

Chitosan, deacetylated product of chitin, is widely
distributed in nature. Being a biopolymer, it is
biodegradable, eco-friendly, and non-toxic. It is made up
of D-glucosamine (GlcN) and N-acetyl-D-glucosamine
(GlcNac) which are linked by S-(1,4)-glycosidic bonds.
The structure of chitosan is depicted in Fig. 1.
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Fig. 1. The structure of chitosan (the degree
of deacetylation of chitosan used in the study was 85 %)
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Table 1
Health effects of fluoride [1]
Concentration of fluoride, mg/1 Health effects
Nil Limited growth and fertility
0.0-0.5 Dental caries
0.5-1.5 Promotes dental health resulting in healthy teeth; prevents tooth decay
1.5-4.0 Dental fluorosis (mottling of teeth)
4.0-10.0 Dental fluorosis, skeletal fluorosis
>10.0 Crippling fluorosis

Although several studies on use of chitosan as a
water purification agent for the removal of different
pollutants [14, 27-33] have been published, only a few
studies reported on its potential to remove F from
drinking water [34-37]. As chitosan itself is less stable and
has a poor F~ adsorption capacity, the objectives of this
study were to prepare physically and chemically modified
chitosan; protonated glycerol diglycidyl ether cross-linked
chitosan beads (GDCLCB/H") to enhance the stability of
chitosan and consequently to enhance its potential for
attracting F~ ions by protonating the polymer and
evaluation of its defluoridation capacity (DC) under
different experimental conditions (initial F~ concentration,
adsorbent dosage, contact time and pH) at room
temperature (303 = 2 K).

2. Experimental

2.1. Preparation of Glycerol Diglycidyl
Ether Cross-linked Chitosan Beads
(GDCLCB)

Chitosan (2 % w/v) solution was prepared in acetic
acid (2.0 % v/v). Uniform sized chitosan beads were
formed when this chitosan solution was dropped in to a
NaOH (0.50 M) bath using a syringe (10.0 ml). The beads
were soaked in NaOH solution for 24 h and then the wet
chitosan beads were rinsed with distilled water to adjust
the pH to 7. The wet chitosan beads were cross-linked by
soaking the beads in glycerol diglycidyl ether for 48 h to
form glycerol diglycidyl ether cross-linked chitosan beads
(GDCLCB) and then cross-linked beads were washed
with deionized water to remove any excess glycerol
diglycidyl ether [37]. Then the beads were air dried until
they gain a constant weight.

2.2. Preparation of Protonated Glycerol
Diglycidyl Ether Cross-linked Chitosan
Beads (GDCLCB/H")

In order to facilitate F~ adsorption, cross-linked
chitosan beads were protonated by treating it with

concentrated HCI for 30 min to yield protonated glycerol
diglycidyl  ether  cross-linked  chitosan  beads
(GDCLCB/H") [37]. Protonated beads were washed with
deionized water to adjust the pH to 7 and air dried and
used for further studies.

2.3. Characterization of the Adsorbent

Surface morphology of unmodified chitosan,
modified chitosan, GDCLCB/H® and F  adsorbed
GDCLCB/H™ were examined by scanning electron
microscopy (VEGA3 SEM, TESCAN). Fourier transfor-
mation infrared (FTIR) spectra of chitosan, GDCLCB/H"
and F~ adsorbed GDCLCB/H" were obtained by FTIR
spectroscopy  (ALPHA-T, Bruker, Germany) using
attenuated total reflection (ATR) method.

2.4. Preparation of Adsorbate Solution

Fluoride standard solution (© 1996 Orian
Research, 100.0 0.5 mg/l) was used as the stock solution
and it was diluted using deionized water to the required
concentrations for the batch experiments and isotherm
studies.

2.5. Batch Adsorption Studies

Batch experiments were conducted in duplicate to
investigate the effect of initial F~ concentration, adsorbent
dosage, contact time and pH of the medium for the
fluoride adsorption onto GDCLCB/H". To study the effect
of initial adsorbate concentration on F~adsorption, fluoride
solution (5, 10, 15, 20 and 30 ml) was introduced
separately into  polypropylene containers having
GCLCB/H® (0.5g). Samples were shaken at room
temperature (303 £2 K) for 30 min in 10 min intervals.
After 30 min, all the samples were filtered using filter
papers (Whatman: 1, 42.5 mm diameter). Total Ionic
Strength Adjustment Buffer III (TISAB III) was added to
the filtrate at volume ratio of 1:3 and the concentration of
fluoride in filtrates was detected by fluoride ion selective
electrode (EUTECH 510. pH/mV/°C meter Cyberscan).
Results were recorded as the defluoridation capacity (DC)
using the Eq. (1).
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DC:(CO_Ce)'V (1)
w

where DC is the defluoridation capacity of adsorbent,

mg/kg; Cy and C, are initial and final concentration of F~,

respectively, mg/l; W is the dry weight of absorbent, kg; V'

is the volume of the solution, 1.

The effect of adsorbent dosage was studied by
varying the GDCLCB/H" dosage (0.2, 0.4, 0.6, 0.8 and
1.0 g) and the effect of contact time on the adsorption of
F~ onto GDCLCB/H" was also determined by varying the
contact time (30 min, 1 h, 1.5 h and 2 h) using 30.0 ml of
15mg/l F solutions as the test solutions at room
temperature (303 =2 K). Initial pH of the solutions was
adjusted to pH values of 3, 5, 7, and 9 using 0.1M HCI
and NaOH solutions as required to investigate the effect
of pH of the solution on F~ adsorption onto GDCLCB/H".
Results were recorded as percent of F~ removal (% F
removal) which was calculated using the Eq. (2).

% F~removal = COC;C -100 (2)

0

2.6. Adsorption Isotherm Studies

GDCLCB/H™ (0.6g) was placed in separate
polypropylene bottles with different fluoride solution
concentrations (3, 5, 10, 15 and 20 mg/l in 30.0 ml) and
kept for 30 min, and stirred with 10 min intervals at room
temperature (303 £2 K). Solutions were filtered and
potentials of the filtrates were recorded after adding
TISAB III buffer. The defluoridation capacities were calcu-
lated and the equilibrium data were tested with Langmuir
and Freundlich adsorption isotherm models to investigate
the adsorption characteristics of the adsorbent. Adsorption
isotherm studies were repeated with chitosan flakes in order
to compare the adsorption characteristics of modified
chitosan, GDCLCB/H " with that of unmodified chitosan.

2.7. Field Studies

Seventeen water samples were randomly collected
from dug wells, wells, reverse osmosis water treatment
plants, and reservoirs of two homestead sites in
Medawachchiya, North Central Province (NCP) of Sri
Lanka during August 2017. Basic water quality
parameters of the collected samples were determined
using the standard methods (pH, electrical conductivity,
total dissolved solids (TDS); by multi-parameter analyser,
dissolved oxygen (DO); by DO meter, hardness by EDTA
titration and alkalinity by acid base titration). F°
concentration of each water sample was measured using
fluoride ion selective electrode. In order to find the
applicability of the GDCLCB/H " under field conditions,
each filtered water sample (30.0 ml) was treated with
GDCLCB/H™ (0.6 g) for 30 min shaking with 10 min

intervals. Then the solution was filtered with a filter paper
(Whatman: 1, 42.5 mm diameter) and TISAB III (10.0 ml)
was added to the filtrate and the remaining fluoride
concentration was determined and the results were
reported as mean =+ standard deviation.

3. Results and Discussion

3.1. Preparation of Protonated Glycerol
Diglycidyl Ether Cross-linked Chitosan
Beads (GDCLCB/H")

In this study, chitosan flakes were first physically
modified to chitosan beads (CB) to enhance the surface
area of the adsorbent. CB were circular in shape with the
average diameter of 1.09+0.02 mm. GDCLCB were
prepared by chemical modification of chitosan by using
glycerol diglycidylether (Fig. 2) as the cross-linking agent
to improve its stability as well as its F adsorption
capacity. GDCLCB was then treated with conc. HCI in
order to utilize the amine groups in chitosan for F~ binding
by protonating them (—NH;') to give the polymer a
cationic behaviour and consequently to enhance the
potential for attracting F". Unmodified chitosan flakes and
modified chitosan, GDCLCB/ H" are shown in Fig. 3 and
the proposed structures for GDCLCB and GDCLCB/H"
are depicted in Fig. 4.
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Fig. 2. The structure of the cross-linking agent;
glycerol diglycidyl ether

3.2. Characterization of the Adsorbent
by SEM and FTIR

The surface morphology of the adsorbents was
examined by SEM. SEM micrographs of unmodified
chitosan (chitosan flakes) and physically and chemically
modified chitosan, GDCLCB/H' before and after F
adsorption are shown in Fig. 5 and Fig. 6, respectively.

Compared to the surface of unmodified chitosan,
GDCLCB/H" has a highly microporous structure with
irregular surface indicating the increased surface area
upon modification (Fig. 5). As depicted in Fig. 6, the F°
adsorbed chitosan derivatives have less porous structure
with smooth surface compared to F~ unadsorbed chitosan
derivative due to adsorbed F ions filling the pores that
existed before the adsorption.
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a)

Fig. 3. Unmodified chitosan flakes (a); physically
and chemically modified chitosan, GDCLCB/H' (b)
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Fig. 4. Proposed structures for GDCLCB (a) and GDCLCB/ H' (b)
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Fig. 5. SEM micrographs of unmodified chitosan flakes (a)
and GDCLCB/H' (b). Magnification is 10.00 kx



Removal of Fluoride from Drinking Water Using Protonated Glycerol Diglycidyl Ether Cross-Linked... 209

Signal A = 51
Mag= 1000KX

Dsta 15 Fab 2018 p—
Time 11036/18

Dabe 15 Fek 2018
Time 164 37

Fig. 6. SEM micrographs of fluoride adsorbed unmodified chitosan flakes (a) and fluoride adsorbed GDCLCB/H" (b).
Magnification is 10.00 kx
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Fig. 7. FTIR spectra of chitosan (a), GDCLCB/H" (b) and F adsorbed GDCLCB/H" (c)

FTIR spectroscopy also used to characterize the
adsorbent as FTIR is an important analysis tool to assess
functional groups in a chemical compound. Fig. 7 depicts
the FTIR spectra of chitosan (a), GDCLCB/H' (b) and F
adsorbed GDCLCB/H' (c) in the 750-4000 cm’
wavenumber range.

The main bands of IR spectrum of chitosan include
a strong broad band at the wavenumber region 3250—
3400 cm™', which corresponds to N-H and O-H
stretching vibrations and intra-molecular hydrogen bonds
[37]. The bands appearing at around 2885 and 2852 cm™
correspond to C—H symmetric stretching and C-H
asymmetric stretching, respectively. Bands at around 1629
and 1573 cm™' can be attributed to the C=0 stretching of
N-acetyl groups [38] and N-H bending vibration of the
primary amine [39]. As shown in Fig. 7b, after
modification of chitosan to form GDCLCB/H', the IR
bands originally appeared at around 3271 cm’ attributed
to —OH and —NH; stretching vibrations was shifted to
lower wave number of 3253 cm’ indicating that the cross-
linking by glycerol diglycidyl ether affects the normal
vibration scheme of chitosan. The peak was also
broadened due to the protonation of cross-linked chitosan
beads. The IR band which appeared at around 1573 cm '
corresponding to bending vibration of NH, was not

observed in IR spectrum of GDCLCB/H " and this may be
shifted and overlapped by other bands. Similar results
were observed in another research [40]. As shown in Fig.
7¢, upon binding of F', mainly the bands in IR spectrum of
GDCLCB/H', which correspond to —OH and —NH,
stretching vibrations were slightly broadened and getting
shifted to a higher frequency suggesting that there may be
interactions probably through electrostatic attractions
between F~ ions and the protonated functional groups (—
NH;") in GDCLCB/H" as it has already been known that
upon binding of sorbate with sorbent, the IR of the bonds
(IR bands) in the close vicinity of the coordination site of
sorbent will be significantly shifted when compared with
sorbate-free sorbent. The sorbate binding affects the
normal vibration scheme of sorbent due to the formation
of new sorbent-sorbate bond [41].

3.3. Batch Adsorption Studies

3.3.1. Effect of initial F concentration

As shown in Fig. 8, the DC of GDCLCB/H"
gradually increased as the initial Fconcentration
increased. Similar observation was reported for F removal
by Viswanathan and Meenakshi [42]. The highest DC was
observed with 15 mg/l initial concentration of F.
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Fig. 8. Effect of initial F~ concentration on DC of GDCLCB/H"
(adsorbent dose is 0.5 g, contact time is 30 min, temperature is 303 £ 2 K)
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Fig. 9. The % F" removal by the adsorbent at different adsorbent dosages of GCLCB/H"
(initial F~ concentration is 15 mg/l (30 ml), temperature is 303 £+ 2 K, contact time is 30 min, pH is 7)

3.3.2. The effect of adsorbent dosage

Fig. 9 shows the relationship between the adsorbent
dosage and the percentage F removal by GDCLCB/H".

With the increase of adsorbent dosage from 0.2 to
1.0 g, percentage of fluoride removal increases gradually
up to 82.6% due to the increase in the number of
adsorption sites as the dose of the adsorbent increases. As
shown in Fig. 9, maximum F” removal was observed when
the adsorbent dosage was at around 0.6 g. Further increase
in adsorbent dose results in a negligible change in percent
of F* removal. Therefore, 0.6 g of adsorbent dosage was

selected as the optimum dosage for further batch
adsorption studies.

3.3.3. The effect of contact time

The effect of contact time on F~ removal by the
adsorbent is graphically depicted in Fig. 10. The F
removal % was increased when contact time was
increased from 10 to 30 min and the system attained
equilibrium within 30 min as the adsorbent got saturated.
Therefore, contact time of 30 min was chosen to conduct
isotherm experiments.
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Fig. 10. Effect of contact time on % removal of F~ by the adsorbent GCLCB/H"
(initial F~ concentration is 15 mg/l (30 ml), temperature is 303 = 2 K, adsorbent dosage is 0.6 g, pH is 7)
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Fig. 11. Effect of pH of the medium on % removal of F~ by the adsorbent GCLCB/H"
(initial F~ concentration is 15 mg/l (30 ml), temperature is 303 = 2 K, adsorbent dosage is 0.6 g, contact time is 30 min)

3.3.4. Effect of pH of the solution

The % of F” removal of GCLCB/H " at different pH
values is presented in Fig. 11. According to the results, the
F ions were effectively removed by the adsorbent at pH
range of 5-7 and F removal % was reduced in highly
acidic and alkaline media. As most of the collected water
samples were at neutral pH, further studies were
conducted in neutral pH.

The results revealed that the DC of GDCLCB/H"
under optimized conditions (adsorbent dosage 0.6 g,
initial F~ concentration 15 mg/l, contact time 30 min,
temperature 303 £ 2 K) was 655.37 mg/kg.

3.4. Adsorption Isotherm Studies

As the adsorption isotherms are the most common
way of describing adsorption characteristics of an
adsorbent in this study two common isotherm models,
namely Langmuir and Freundlich adsorption isotherms
were used to test the equilibrium relationships between the
adsorbent, GCLCB/H' and the adsorbate, F". Langmuir
model proposed by Irving Langmuir in 1916, assumes
ideal solutions, homogeneous and independent monolayer
adsorption [43]. The linear form of the Langmuir equation
is expressed by the Eq. (3).

c_ 1 .c G

9. by 9
where ¢, is the amount of adsorbate adsorbed per unit
weight of adsorbent at equilibrium, mg/kg; C is the
equilibrium concentration of adsorbate, b is adsorption
coefficient related to the surface energy, l/mg; ¢, is the
amount of adsorbate adsorbed per unit weight of
adsorbent corresponding to complete coverage of
available sites, mg/kg.

Freundlich adsorption isotherm, an empirical
model, can be applied to multilayer adsorption, over a
heterogeneous surface [44]. The linear form of Freundlich
isotherm is given as

logg, :llogC+logk 4
n

where ¢, is the amount of solute adsorbed per unit weight
of adsorbent at equilibrium, C is the equilibrium
concentration of adsorbate, and Freundlich isotherm
constants k and n are related to adsorption capacity and
intensity of adsorption, respectively [44]. The plots of
Langmuir and Freundlich adsorption isotherms are shown
in Figs. 12 and 13, respectively, and Table 2 summarizes
the Langmuir and Freundlich isotherm parameters for the
F adsorption onto chitosan flakes and GCLCB/H".

As shown in Figs. 12a and 13a, equilibrium data
obtained from the study of adsorption of F onto
unmodified chitosan was fitted to Freundlich isotherm
better than the Langmuir isotherm with high correlation
coefficient (R*) whereas the equilibrium data obtained for
modified chitosan, GDCLCB/H" was well fitted with both
Langmuir and Freundlich isotherm models with high
correlation coefficients (R* of Langmuir isotherm is
0.9872, R* of Freundlich isotherm is 0.9991) as depicted
in Figs. 12b and 13b. Freundlich isotherm constants 1/n,
for two adsorbents used in the experiment (chitosan flakes
and GDCLCB/H") are 0.932 and 0.891, respectively.
Since the values of 1/n are less than 1 for both adsorbents,
it indicates that the adsorption process is favourable for
the adsorbents under the given experimental conditions
[44]. As summarized in Table 2, Langmuir isotherm
constant of GDCLCB/H™ (g0 = 2000 mg/kg) is higher
than that of unmodified chitosan (qo = 192.3 mg/kg). The
results clearly lead to the conclusion that the physical and
chemical modification has enhanced the surface area and
the F~ adsorption potential of chitosan. gy values reported
for the adsorption of F~ onto different chitosan-based
adsorbents recorded in the literature are given is Table 3
and according to that, ¢, obtained for GDCLCB/H" is a
significantly higher value than that for most of the other
sorbents reported previously.
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Table 2
Parameter values of Langmuir and Freundlich adsorption isotherms (7 =303 £+ 2 K)
Langmuir constants Freundlich constants
T f adsorbent
ype otadsorbent qo, mg/kg b, kg I % (mg/kg)(/mg)™ n Un I
Chitosan flakes 192.3 0.018 0.9376 3.566 1.073 0.932 0.9963
GDCLCB/H 2000 0.017 0.9872 36.90 1.123 0.891 0.9991
0.04
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Fig. 3. Langmuir adsorption isotherm for the F~
adsorption onto chitosan flakes(a) and GDCLCB/H (b)
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Fig. 4. Freundlich adsorption isotherm for the F°
adsorption onto chitosan flakes (a) and GDCLCB/H (b)
Table 3
Langmuir constants (g,) for adsorption of F~ onto various types
of chitosan-based adsorbents reported in the literature
Adsorbent Maximum adsorption capacity, mg/kg References
Aluminium impregnated chitosan 1731 [45]
Chitosan composite — nano hydroxyapatite 2040 [16]
Carboxylate chitosan beads 1111 [46]
Chitosan composite — hydrotalcite 1876 [26]
GDCLCB/H+ 2000 Present study
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: B, Fig. 14) of Kirigollewa G.N Division of Mada-
3.5. Field Study wachchiya, NCP of Sri Lanka are tabulated in Table 4.

The analysed water quality parameters of the water ~ The permissible levels defined for the selected parameters
samples collected from dug wells, wells, reverse osmosis by the Sri Lanka Standards Institute (SLS 614:2013) in
plants, reservoirs of two homestead sites (site A and site  drinking water are given in Table 5.
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Fig. 5. Water sampling sites (Site A and Site B)
in Kirigollewa G. N. Division, Madawachchiya, NCP, Sri Lanka

Table 4
Results of basic water quality parameters in water samples collected in Kirigollewa area
Sample pH DO, Conductivity, Salinity, TDS, Hardness, Alkalinity,
mg/1 puS/cm ppt mg/1 mg CaCOy/1 mg CaCOy/1
Ki,1 6.70 8.92 672.0 0.33 326.0 231.7+£0.03 40.0+0.00
Ki,2 6.11% 8.12 561.0 0.26 271.0 381.4+0.03* 44.6+0.07
Ki,3 6.75 9.07 1565.0* 0.79 778.0* 92+0.03 33.8+0.04
Ki4 5.70%* 7.12 79.9 0.04 374 136.5+0.07 110.2+0.04
Ki,5 6.69 7.56 809.0%* 0.40 809.0%* 325.3£0.07* 47.0+£0.07
Ki,6 6.09%* 4.67* 484.0 0.23 234.0 312.3£0.07* 88.7+0.04
Ki,7 6.35% 8.17 650.0 0.31 315.0 440.8+0.07* 25.840.00
Ki,8 6.50 7.66 674.0 0.33 328.0 257.9+0.03* 48.9+0.07
Ki,9 631%* 743 664.0 0.32 323.0 352.9+0.14* 37.8+0.04
Ki,1 6.49%* 6.15 1038.0* 0.33 524.0%* 126.8+0.21 40.0+0.07
Ki,2 7.50 5.82 961.0%* 0.46 411.2 103+0.07 127.6+0.04
Ki,3 7.20 8.20 125.0 0.39 278.0 94.4+0.14 48.6+0.07
Ki4 7.09 5.11 508.0 0.24 245.6 128.0+0.07 92.3+0.04
Ki,5 7.08 731 435.0 0.21 208.9 93.8+0.007 58.3+0.04
Ki,6 6.68 4.43% 151.4 0.07 71.8 132.7+0.07 60.0+0.04
Ki,7 6.98 7.31 522.0 0.22 245.0 324.9+0.00* 114.8+0.04
Ki,8 8.32 5.28 144.5 0.10 68.6 420.7+0.07* 33.8+0.00

Notes: Ki, =Kirigollewa GN division-site A, Ki, = Kirigollewa GN division-site B.
* The values which were not in the permissible range [47]
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Table 5
SLS 614:2013 standards of drinking water [47]
Conductivity, TDS, Hardness, Alkalinity, DO,
pH at 298 2K puS/cm v mg/1 mg CaCOy/1 mg CaC(;};/l mg/1
6.5-8.5 750 500 250 200 5.0-9.5
Table 6
F concentration of water samples before
and after treatment with the adsorbent GDCLCB/H™

Water F” concentration before treatment with the F” concentration after treatment with the adsorbent
sample adsorbent, mg/1 GDCLCB/H', mg/l

Ki,l1 1.440.05 0.8+0.05

Ki,2 1.3£0.10 0.9+0.04

Ki,3 0.6+0.05 0.5+0.05

Ki,4 2.8+0.03* 1.3+0.02

Ki,5 1.240.05 0.8+0.05

Ki,6 3.320.04* 2.2+0.05*

Ki,7 0.6+0.05 0.4+0.10

Ki,8 1.7+0.02* 1.4+0.10

Ki,9 3.240.05* 1.8+£0.05*

Ki, 1 1.240.05 0.8+0.02

Ki,2 1.0+0.07 0.7+0.05

Ki,3 0.7+0.05 0.6+0.05

Ki4 1.0+0.04 0.8+0.10

Ki,5 2.24+0.10* 1.6+0.08*

Kin6 1.440.05 0.9+0.05

Ki,7 1.2+0.10 0.8+0.10

Ki,8 2.3+0.03* 1.2+0.05

Note: *Values which exceeded the permissible F level set by WHO [4]

The pH of the water samples collected was in the
range of 5.70-8.32. According to the SLS guidelines for
drinking water, the public water systems should maintain
pH levels within the range of 6.5-8.5. pH of six water
samples collected in Kirigollewa GN division was not
within the permissible range. An adequate level of
dissolved oxygen (DO) is necessary for good water
quality as it provides oxygen for aquatic biota for
respiration and aerobic decomposition of organic matter.
Two samples among the collected samples had lower DO
values (sample Ki,6 and Ki,6). One of the major causes of
turbidity in drinking water is dissolved solids present in
water. According to the World Health Organization
(WHO), water with a total dissolved solids (TDS) level of
less than 500 mg/l is generally considered to be good;
drinking-water becomes significantly and increasingly
unpalatable at TDS levels greater than 1000 mg/1 [4]. For
drinking water, the maximum permissible TDS level set
by SLS and EPA is 500 mg/l [47, 48]. There were three
water samples among the water samples collected with
TDS levels greater than 500 mg/l. According to the SLS

standards the highest desirable level for total hardness of
drinking water is 250 mg/l CaCO;. According to that,
eight water samples have exceeded the permissible level
of total water hardness. The concentration of F~ in the
collected water samples, F~ concentration after treatment
with GDCLCB/H' are shown in Table 6. Maximum
permissible level given by WHO and SLS 614:2013
guidelines for F~ in drinking water is 1.5 and 1.0 mg/l,
respectively.

F concentration of all the water samples were
reduced by treating them with GDCLCB/H". Six water
samples from Kirigollewa area had exceeded the
permissible fluoride level (1.5 mg/l) as shown in Table 6.
As F concentration of most of the collected water samples
was successfully reduced to the permissible level by
treating them with the adsorbent GDCLCB/H', it can be
concluded that protonated cross-linked chitosan
derivative, GDCLCB/H" can be used as a cost-effective
defluoridation agent for drinking water purification. It is
also important to note that the presence of other metal ions
and anions in the water may affect the Fremoval by the
adsorbent, which could be studied further.
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4, Conclusions

This study shows that the DC of physically and
chemically modified chitosan derivative, GDCLCB/H" is
higher than that of unmodified chitosan. It has also been
found that the DC of GDCLCB/H" depends on the initial
F" concentration, adsorbent dosage, contact time and, pH
of the solution. The optimal performance of GDCLCB/H"
was observed at initial F~ ion concentration of 15 mg/I,
adsorbent dosage of 0.6 g, contact time of 30 min and pH
of the solution in the range of 5-7. Adsorption equilibrium
data of F~ adsorption onto GDCLCB/H" at 303+2K
under optimized conditions were well fitted to the
Freundlich isotherm model and Langmuir isotherm
model. Langmuir constant (¢q) for adsorption of F~ onto
GDCLCB/H" was found to be 2000 mg/kg, which was
significantly higher than that of unmodified chitosan
flakes (192.3 mg/kg) and most of the chitosan-based
sorbents previously reported in the literature. Further, the
results obtained from field studies suggested that
GDCLCB/H" could be wused as an efficient,
environmentally friendly and cost-effective adsorbent for
the defluoridation of water.
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BUJAJIEHHSI ®JIYOPY 3 IUTHOI BOJIA
3 BAKOPUCTAHHSIM TIPOTOHOBAHMX
XITO3AHOBHX KYJIbOK 3IIUTHUX
JUTJIIIUAIAIOBUM ETEPOM

Anomauyin. Ooepocano izuuno ma XimiuHo MoOuiko-
6aHULL XIMO3aH MA NPOMOHOBAHI XiMO3AHOGI KVIIbKU 3WUmi Ou2ii-
yuounosum emepom (GDCLCB/H'). Xapaxmepucmuxy npodykmie
ompumarno 3a donomozoio Dyp ‘e-cnekmpockonii ma cKamylouoir
enlekmponHoi Mikpockonii. Bcmanosneno, wo onmumanvha oegiyo-
pyroua 30amuicms GDCLCB/H' cnocmepizacmucs 3a nouamxosoi
Konyenmpayii tionie ¢hnyopy 15 me/n, 0o3i aocopbenmy 0,6 2, uaci
30x6 i pH pozuumy 6 mexcax 5-7 3a memnepamypu 303 +2 K.
Tokazano, wo pesynomamu  pieHoBadicHOi  adcopbyii  dobpe
V320001cyiombcst 3 mooenamu izomepmu Jlenemiopa ma @petinonixa.
3 izsomepmu Jlenemopa onst F adcopOyii’ 6UsHaA4eno MaKcuMaibHy
aocopbyiiny 30amuicme, 2000 me/ke, wo € 3HAYHO GUUYOIO
GEIUUUHOIO, HIdIC 051 Hemooughikosarnoeo ximoszany (192,3 me/ke)
ma Oinvuwocmi copbeHmie Ha OCHOBI XimOo3amy, GI0OMuX 3 jime-
pamypu. Ha npuxnadi 3paskie 600u, 6idibpanux 6 00Hiil 3 npogiHyill
Llpi-Jlanka, noxasano, wo GDCLCB/H™ mooicna BUKOPUCTO-
gysamu sIK eghekmueHuti 3aci6 o OehyopysanHsi.

@ayop,

Knrouoei 30amuicmo,

GDCLCB/H".

cnoea:  Oeghnyopyioua



