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Abstract: Biosorption of fluoride on non living biomass of microalga S.platensis immobilized on calcium alginate beads was investigated
in a fixed bed column. Experiments were conducted to study the effect of parameters such as pH of feed solution, bed height, flow rate of
feed and initial concentration of fluoride in feed solution. Optimum operating conditions were found to be: pH=5.2, Flow rate=5 mL/min,
Bed height=30 cm and initial concentration of F'=100 ppm. A maximum uptake capacity of 82.65 mg F’/g biosorbent was observed under
these conditions. Yoon-Nelson model fitted well with the experimental data of breakthrough curves. The column was regenerated using 0.1
M HCI as an eluent and sorption-desorption studies were carried out for four cycles. Case studies conducted on real sample showed that
apart from decrease in fluoride concentration, a reduction in alkalinity, sulphate and nitrate concentration were also observed upon
biosorption. The mechanism of biosorption and surface structure of biomass were examined by Attenuated Total Reflectance (ATR) and

Scanning Electron Microscope (SEM) respectively.
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1.Introduction

Various researchers have reported biosorption of fluoride
using chitosan [1], agricultural wastes [2], collagen fiber [3],
glutaraldehyde-crosslinked calcium alginate [4], fungi [5],
bacteria [6] etc. Few reports are also available about
biosorption of fluoride by algae [7, 8]. However, to the best
of our knowledge, there are no reports about biosorption of
fluoride on non-living biomass of the microalga ‘Spirulina
platensis’. Hence, an attempt has been made in the present
study to explore the efficacy of calcium alginate-immobilized
non-living biomass of Spirulina platensis in removing
fluoride from aqueous solutions. Fixed bed column tests were
conducted to ascertain their practical applicability. The
influence of various operating parameters such as effect of
pH, initial concentration and flow rate of feed solution and
bed height of biosorbent was studied to optimize the
conditions for maximum fluoride removal. ATR and SEM
were employed for characterization of biomass.

2.Materials and methods

2.1 Preparation of immobilized biosorbent

An original strain of Spirulina platensis was provided by
Spirulina Foundation®, Tumkur, Karnataka. The alga was
cultured in Zarrouk liquid medium [9] at pH 7 and room
temperature (26-28°C). Cultures were grown at a light
intensity of 4 klux and aerated continuously by an aquarium
pump. After the stationary phase (10 days), the cells were
harvested by centrifugation at 10,000 rpm for 10 min. The
biomass obtained was washed twice with distilled water,
centrifuged, dried at 80°C for 24 h and ground to obtain a
powdered biomass. For immobilization, 1 g/L of aqueous
S.platensis suspension was mixed in equal volume with 4 %
sodium alginate suspension. 100 mL of this algal suspension
was added to 1 L of 10% CaCl, solution using pipette. Upon
contact with CaCl,, sodium alginate beads precipitated to
form gel beads, thus entrapping algal biomass. The beads
were soaked in CaCl, solution for 5 h to complete gelling,
washed with deionized water, and used for batch and column
sorption studies.

2.2 Column studies

Column experiments were conducted in an acrylic column
with an inner diameter of 2.54 cm and height 45 cm. It was
packed with known gquantity of calcium alginate beads. A
wire mesh was provided at the bottom of column to support
the packing material. Saline bottle (1 L) was used as feed
tank for fluoride solution. The feed solution of known pH
and initial F~ concentration was circulated through the
column from top. Using the regulator provided on the tubing
line attached to bottle, the low flow rates used in the
experiment (5, 10, 20 mL/min) could be accurately
controlled. A distributor plate attached at the top of column
provided uniform flow of fluid over packing and avoided
channeling. Samples were collected from the top of column
at regular time intervals and analyzed for residual F
concentration using Spectrophotometer (Model: HACH, DR
2010, Wavelength range=400-900 nm, Accuracy =+ 2 nm).
Breakthrough curves were constructed using the data of
effluent fluoride concentration v/s time. Total quantities of
fluoride ions biosorbed in the column and uptake capacity of
the biomass were calculated [10]. Analysis of breakthrough
curves were done using Yoon-nelson model [11].

2.3 Application to real waste water

According to the data available from Water Test Department,
Tumkur, drinking water at Pavagadh contain high
concentration of Fluoride. Hence batch biosorption studies
were conducted with sample of water collected from this
place to evaluate the effectiveness of S.platensis immobilized
calcium alginate beads.

2.4 Characterization of biosorbent

Scanning electron microscopy (SEM) (Hitachi -TM3000)
studies were conducted for the detection of surface
characteristics of the biosorbent. SEM images of calcium
alginate beads, calcium alginate immobilized biosorbent and
immobilized biosorbent loaded with F ions were recorded.
ATR spectra were obtained using a spectroscope (Agilent
cary-630, ATR with FTIR) between 800 and 3800 cm™.
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3.Results and discussion

3.1 Characterization of biosorbent by SEM

The SEM images of calcium alginate beads, calcium alginate
beads immobilized with Spirulina platensis and immobilized
calcium alginate beads loaded with F~ ions are shown in Fig.
1,2,and 3 respectively. Texture of the biosorbent was white
surface before immobilization on calcium alginate beads (Fig
1). Fig. 2 depicts that small whitish dots appeared on the
surface after immobilization indicating that S.platensis was
successfully immobilized on calcium alginate beads. Fig. 3
illustrates that structure of biosorbent changed significantly
after biosorption of F ions, as evident by appearance of large
amount of black spots on the surface.

TM3000_2685 201, 5 NL D38 x500 200 um

Figure 2. SEM image of immobilized biosorbent
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Figure 3. SEM image of immobilized biosorbent loaded
with F~ ions

3.2 Characterization of biosorbent by ATR

ATR Spectrums of S.platensis before and after biosorption
are shown in Fig. 4 &5.Table 1 illustrates the changes in
frequencies of peaks after biosorption and functional groups
responsible for sequestration of F"[12].

|5 Patensis before adsorption

“Transmitance

L L L L n L 1 L L . L L L L . L
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 . 1600 1200 1200 1000 800

Wavenumber

Figure 4. ATR image of S.platensis before biosorption of
fluoride
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Figure 5. ATR image of Spirulina platensis after
biosorption of fluoride

Table 1, Functional groups of Spirulina before and after

biosorption
Before After Bands indicating
biosorption biosorption
3274.53 3357.04 O-H stretching
2921.99 - C-H stretching
1637.37 1636.75 C=C deformation
1534.90 - C=0 deformation
1450.13 1545.03 NH; deformation
1392.21 1399.88 Alkyl bands
1237.69 - C-N deformation
1023.25 1038.98 C-O deformation

Fig 4 &5 illustrate that some of the peaks shifted (O-H
stretching and NH, deformation) while some disappeared (C-
H stretching, C=0 and C-N deformation).These changes
were observed in the spectrum indicated the possible
involvement of those functional groups on the surface of
Spirulina in F~ biosorption process.

3.3 Column studies

3.3.1 Effect of flow rate of feed solution

The optimum pH for biosorption in the present study was
determined to be 5.2 in batch studies (results are not shown).
Hence, in all column runs, pH of feed solution was adjusted
to 5.2. Upon increasing flow rate from 5 mL/min to 20
mL/min, breakthrough and exhaustion times decreased,
which led to steeper breakthrough curves and shortening of
mass transfer zone. At high flow rates, residence time of
solution in column will not be sufficient to establish
equilibrium. Hence, most of ions leave the column
unadsorbed, leading to poor biosorption rates. Hence a flow
rate of 5 mL/min was maintained for further column runs.
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Figure 6: Effect of flow rate for defluoridation (Bed height-
15cm, feed concentration (F°)- 100ppm)

Table 2, Effect of flow rate on defluoridation

Flow rate Breakthrough . % F Upt{ike
(mL/min)  time (h) E_xhaustlon removal capacity
time (h) (mg/g)
5 5.5 18.7 77.53 34.81
10 35 17 73.12 25.11
20 14 15.2 67.14 21.52

3.3.2 Effect of bed height on defluoridation

Table 3, illustrates that breakthrough time, exhaustion time
and percentage biosorption increased with increasing bed
height. This is attributable to greater superficial area and
amount of active sites available for binding at larger bed
heights.
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Figure 7. Effect of bed heightfor defluoridation (Flow rate-
5mL/min, feed concentration (F°)- 100ppm)

Table 3, Effect of bed height on defluoridation

Bed Breakthrough Exhaustion %E Uptake
height time (h) - capacity
time (h) removal
(cm) (mg/g)
10 438 16.8 75.49 29.58
20 5.9 19.3 79.32 36.21
30 7.2 21 82.65 42.97

3.3.3 Effect of initial concentration of fluoride
Breakthrough time and exhaustion time decreased to 3.9 and
158 h respectively at 200 ppm. At higher initial

concentration of element ion, larger number of ions enters the
column in a given time, resulting in quicker saturation of bed
and hence lower breakthrough and exhaustion time. With
increasing element ion concentration, the number of available
for biosorption become fewer compared to mass of element
ions. Hence, the excess ions which could not be bound leave

the column unadsorbed. This decreases the uptake capacity
of column.
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Fig 8: Effect of concentration for defluoridation (Bed height
- 30cm, , flow rate- 5mL/min)

Table 4, Effect of initial F~ on defluoridation

Initial F . . Uptake
concentration Bregkthrough Ex_haustlo % F capacity
time (h) ntime (h) removal
(ppm) (mg/g)
100 7.2 21 82.65 42.94
150 54 18.4 79.63 36.72
200 3.9 15.8 75.80 31.08

3.3.4 Regeneration studies

0.1 M HCI was used an eluent at a flow rate of 5 mL/min.
The eluent was passed through the column and the effluent F
concentration was recorded at regular intervals. Flow of
eluent was stopped when the effluent concentration of F
reduced to zero. Distilled water was then passed through the
column until the effluent pH approached 7. The regenerated
bed was reused for next cycle. The experiments were
conducted for 4 cycles. Breakthrough time and exhaustion
time decreased with increase in number of cycles due to
deterioration of bed.

Table 5, Effect of regeneration on defluoridation

Cycle Breakthrough Exha}ustl % F UptaI.<e
No. time (h) on time removal capacity
(h) (mg/g)
1 7.2 21 82.65 42.94
2 5.8 18.2 73.54 19.12
3 3.7 15 69.89 16.10
4 29 125 63.1 14.98

3.4 Application to real waste water

Table 6 depicts that, along with reduction in F content, a
decrease in other parameters such as acidity, alkalinity,
hardness, nitrate concentrations were also observed upon
treatment with immobilized biomass of S. platensis.

Table 6, Treatment of sample collected from Pavagadh
(Calcium alginate beads — 82 mg/L)

Parameter Before biosorption  After biosorption
W EEET  Acidity (mg/L of CaCOs) 119 23
Alkalinity (mg/L of 98 32
CaCOs)

Total hardness (mg/L of 100 A
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3.5 Comparison with other biosorbents

Table 7. illustrates that the performance of S.platensis was
superior to any of the biosorbent cited in literature.

. Uptake capacit References
Biosorbent (mgpF' /g adgorbe)r/n)
Kanuma mud 3.067 mg/g [13]
Bentonite 0.094 mg/g [14]
Laterite 03473 mgg- 1 [15]
Snirulina nlatensis 472 97 Present stiidv

4.Conclusions

Non-living biomass of S. platensis immobilized in calcium
alginate beads was successfully used for biosorption of F’ in
column mode. The optimum conditions for biosorption were
determined as: Flow rate of influent to column= 5 mL/min,
pH of feed solution =5.2, Initial concentration of F in feed
solution =100 ppm and bed height of biosorbent= 30 cm. A
maximum uptake capacity of 82.65 mg F/ (g S. platensis)
was observed under optimum conditions. The column was
regenerated using 0.1 M HCI and four biosorption-desorption
cycles were conducted. After fourth cycle, the uptake
capacity reduced 14.98 mg F" / g S.platensis and % removal
to 63.12%. A comparison of ATR and SEM images of
biosorbent before and after biosorption confirmed that non
living biomass of S.platensis can be a suitable biosorbent for
F removal.
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