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Consuming of water contaminated with high fluoride concentration for a very long
time causes health problems such as, dental and skeletal fluorosis. Hence, defluoridation of
water is essentially required before consumption, when water is contaminated with high fluoride
concentration. In this present study, research was focussed on to isolate bacteria which are
showing fluoride resistantance from samples of ground water from high fluoride affected regions
of Nalgonda. After analysis of 10 samples from different areas of Nalgonda district, two samples
of ground water from Narketpally and Nampally showed the high fluoride concentrations of
9.18 ppm and 7.55 ppm respectively. Hence, in the present study, Narketpally ground water
sample with highest ppm was considered to isolate fluoride resistant bacteria. A total of eight
fluoride resistant organisms were purified from this sample with varying fluoride resistance on
Luria Bertani agar with varying fluoride concentraion from 25mg/L to 600mg/L at pH 7. Among
the eight strains isolated, three strains MB1, F and G were showing high fluoride resistance (up
to 500mg/L), which were further explored for their role in bioremediation of fluoride. In batch
mode study, MB1 strain showed high fluoride degradation of 68%, whereas, F and G strains
showed 57% and 44% fluoride removal, respectively, when fluoride concentration was present
at 20 mgL" at 30 °C temperature and pH 7, with dextrose (10 g) utilised as source of carbon
per 100 mL media after incubation of 8 days. Results indicate that, MB1 possibly a potential
fluoride resistant bacterium with high fluoride bioremediation capacity.
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Fluorine is one amongst the copious
elements on earth as well as, acts as a major
environmental pollutant arising from usual as well
as industrial sources (Whitford GM., 1983). The
fluoride ion (F) concentration in the surface water is
day by day increasing with quick industrialization
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and pollution with some insecticides (Aguirre-
Sierra A et al., 2013). Ground water samples of
greater than twenty countries including India have
reported increased concentrations of Fluoride in
them (Meenakshi and R.C. Maheshwari, 2006).
The WHO has recommended a maximum allowed
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concentration (MAC) of F- in source of drinking
water is 1.5 mg/L, above which health problems
are common. (WHO, 1984)

The fluoride ion acts as a protoplasmic
toxin with which many biochemical reactions can
get effected inside living cells, when present even
at low concentrations (Eren et al., 2005). Fluoride
stimulates oxidative damage by producing reactive
oxygen species inside the cells which changes
intracellular redox homeostasis (Podder et al.,
2010 and Chattopadhyay et al., 2011) Fluoride
binds with DNA resulting in injury to DNA which
possibly causes chemical carcinogenesis (Zhan et
al., 2006; Podder et al., 2008; Choubisa, 2012).

One of the important concern with respect
to environment nowadays is the escalating level of
fluoride in resources of ground water (Susheela,
2013). These fluoride deposits are causing fluorosis
in 17 states of India (UNICEF, 1999). Most of the
researchers worked on fluoride concentration in
ground water of Nalgonda district had reported
high concentrations (Ayoob and Gupta, 2006;
Ibrahim, 2011)

Increased levels of fluoride can affect
the growth of microbes, their activity and organic
matter degradation. (Zang et al., 2019) Hence,
fluoride can be used as an additive in toothpastes to
inhibit the formation of caries (Liao Y et al., 2017)

During evolution, microorganisms attained
various abilities to resist certain concentrations of
fluoride (Maltz and Emilson., 1982) as the result
of genomic modifications (Liao Y et al., 2015;
Mitsuhata et al., 2014). With the help of different
mechanisms like metal sorption, oxidoreduction
reactions and pumping out toxic elements present
in them, microorganisms can overcome the
unsuitable environments and use the various
hazardous elements (Banerjee et al., 2016). To
pump out fluoride ions some microorganisms
consists of Fluoride antiporters with which they
export these ions out of the cell and import protons,
which causes the reduction in intracellular level
of fluoride. Hence, mutations in genes related to
fluoride antiporters decreased the resistance of S.
mutans to fluoride (Liao Y et al., 2018)

Fluoride resistant microorganisms play a
significant function in bioremediation of fluoride
and convert it as less hazardous type (Chouhan
et al., 2012) However, studies regarding the
bioremediation of Fluoride are rare.In this paper,

a study about fluoride-resistant bacterial strains
isolated from Fluoride contaminated ground
water of Nalgonda district and analysis of their
bioremediation capability was reported.

MATERIALS AND METHODS

Sample Collection

Ground water samples were brought from
water pumps and electric bore wells of fourteen
different locations in Nalgonda district. For sample
collection, bottles of 20mL capacity were washed
rigorously with soap water and 8M HNO, followed
by distilled water. Before collecting samples from
the bore wells or hand pumps, water was pumped
out from them for about 5 to 10 min to get rid of
standing water from the pipe lines of the same.
Sample bottles were cleaned with the samples of
ground water before final sample collection.
Fluoride estimation and pH analysis of water
samples

The samples of ground water were
collected from various places in Nalgonda disctrict
were analysed for fluoride levels using a Fluriode
ion selective electrode after calibration. In this test,
1 mL of TISAB III (Total ionic strength adjustment
buffer III solution) reagent was carefully mixed
with 10 mL of ground water sample and measured
using the fluoride ion selective electrode. The
ground water samples which were brought from
various sites in Nalgonda district were also tested
with pH meter to know their pH profile.
Isolation and adjustment of bacterial isolates on
media with Sodium Fluoride

All the glassware was rinsed thoroughly
with 10 % HCL before use. High fluoride
containing samples of ground water were used for
serial dilution and then plated on to Luria—Bertani
(LB) agar medium consisting of (g/L"') Casein
Enzyme Hydrolysate (Tryptone) (10), Yeast
Extract (5), NaCl (5g), Agar (15). Plates were then
incubated at pH 7.0+0.2 and temperature 30°C for
24 h. Bacterial isolates were arbitrarily choosen
and purified. After purification of bacterial strains
on LB agar, each and every strain was plated on to
media with various sodium fluoride (NaF) amounts
(25mg/L, 50mg/L, 100mg/L, 200mg/L, 300mg/L,
400mg/L, 500mg/L and 600mg/L) in stepwise
manner for their adaptation and resistance study.

Initially, inoculation of LB broth consisting
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of 25mg/L sodium fluoride (as in the plate medium)
was done with Fluoride resistant microorganisms
and incubated at 30° C, 120 rpm for 24 h. Sudden
exposure of isolates to the high concentrations of
fluoride may inhibit the growth of the same hence
low concentrations of fluoride was initially selected
to let the micro-organisms to get adapted to the
fluoride containing media. The isolates were then
exposed to a high fluoride concentration on Luria
Bertani agar plates with 50 mg/L sodium fluoride
concentration. After incubation, the same bacteria
were then grown in LB broth consisting of 50
mg/L of sodium fluoride. The same approach was
redone for the media with till 600 mg/L fluoride
concentration. After three subcultures, Fluoride-
resistant isolates were selected from the LB-NaF
agar plates.

Characterization of selected bacterial isolates

Morphological, physiological and
biochemical characteristics of the high fluoride
resistant three isolates (MBI, F and G) were
observed in this study. In morphological
characteristics, colony morphology and gram’s
test were performed.

Fluoride resistant organisms were
tested for optimum pH and temperature for their
optimum growth using LB broth with respective
NaF concentration. Growth of the purified fluoride
resistant organisms were checked in LB broth
with respective NaF concentration at different
temperatures i.e. 5°C to 45°C with every 5°C
increment in an incubator for 48h. Growth of
the purified fluoride resistant organisms was
checked in LB broth consisting of respective NaF
concentration at different pH, ranging from 2 to 12
in an incubator for 48h at 30 °C.

Biochemical tests performed on fluoride
resistant organisms were to test their protease and
amylase producing capabilities. To understand
the capacity of protease enzymatic activities of
the purified strains, they were first grown on skim
milk agar (skim milk powder 28g/L; Yeast extract
2-5g/L; Dextrose 1g/L; Agar 25g/L; distilled water
1L) for 48 hours and observed for proteolysis
activity. Fluoride resistant organisms with protease
activity hydrolyzed casein and formed clear zone
encircling the colonies.

To test the Amylase activity of the purified
fluoride resistant isolates, first they were grown
on starch agar media (peptone 5g /L; meat extract

3g /L; starch 2g/L; agar 25g/L; distilled water
1L) for 48h and plates were flooded with iodine
solution (Iodine crystals 0.34g; KI 0.66g; distilled
water 100mL). Amylase positive isolates formed
a transparent halo area encircling the colony.
The transparent halo area diameter is directly
proportional to the starch hydrolyzing activity of
the particular strain under study.
Determination of Bioremediation of fluoride by
the selected three high fluoride resistant strains
To determine the fluoride removal activity
of the three high fluoride resistant strains (MBI,
F and G), they were inoculated and incubated at
temperature 30°C and pH 7 in 100 mL LB broth
with 20mg/L fluoride concentration (sodium
fluoride (NaF)) in 250ml conical flasks at 120 rpm
with dextrose (10 g) as carbon source. Fluoride
content was determined on every second day till
incubation of 8 days. After which there was no
considerable reduction in fluoride concentration,
which must be due to bacterial cell count reduction.
Maximum fluoride concentration observed in
fluoride contaminated water was 19.2 mg/L,
hence broth with 20mg/L fluoride concentration
was selected for the test. Sample (15ml) was
taken out from the broth on every other day (i.e.
days 0, 2, 4, 6, 8 and10), during incubation of 10
days and centrifuged at 4500rpm for 15min, and
then supernatant was tested for analyzing fluoride
concentration with fluoride ion selective electrode
(Mukherjee, S., et al., 2017). The above test was
performed in triplicate.

RESULTS AND DISCUSSION

Fluoride Estimation and pH analysis of water
samples

Ten samples brought from different sites
of Nalgonda district were analyzed for their fluoride
concentration using fluriode ion selective electrode
(Figure 1) and their pH (Table 1). Narketpally
ground water sample was showing the highest
Fluoride concentration i.e. 9.18 ppm, which was
selected for isolation of Fluoride resistant bacteria.
Whereas, Ramdas thanda (Nampally) ground water
sample has less Fluoride concentration of 1.55
ppm.
Adjustment of bacterial isolates on media with
Sodium Fluoride

In adaptation and resistance study, a total
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of eight fluoride resistant strains (MA, MB, MBI,
MBI1D2, D1, El, F and G) were isolated with
varying fluoride resistance on LB agar with fluoride
concentraion range between 25mg/L to 600mg/L at
pH 7 (Table 2). Among eight strains isolated, three
strains (MBI, F and G) were showing high fluoride
resistance at 500mg/L (Figure 2), which were
further explored for their role in Bioremediation
of Fluoride.
Characterization of Bacterial isolates

Three strains (MB1, F and G) showing
high fluoride resistance at 500mg were
characterized morphologically, physiologically
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and biochemically. All the three strains (MBI,
F and G) were in cream colour, MBI, F were in
circular shape, whereas, colonies of G strain were
slightly irregular in shape. MB1 and G strains
were Gram positive whereas, F strain was Gram
negative. Optimum temperature for the growth of
all the above three strains was 30°C. Optimum
pH for the growth of MB1 and G strains was 7.5,
whereas, F strain has grown optimally at pH 8.
All the mentioned three organisms were protease
negative. When observed Amylase activity, G strain
was Amylase positive, MB1 and F strains were
Amylase negative (Table 3).

Table 1. Fluoride concentration and pH values of the ten
collected samples from ground water in Nalgonda district

Sample No  Location Sample pH Concentration of F-epm
1 Narketpally 8 9.18

2 Chandur 7 1.96

3 Bangari gadda (Chandur) 7 4.88

4 Nermata (Chandur) 8 5.61
5 Ramdas thanda (Nampally) 7 2.23

6 Ramdas thanda (Nampally) 8 1.55

7 Peddapuram (Nampally) 7 1.60

8 Nerellapally (Nampally) 7 7.55

9 Padamatithalla Gudem (Chandur) 8 6.24

10 Mada Yadavally (Narketpally) 7 6.55

Table 2. Fluoride resistant bacterial isolates grown on Luria Bertani agar with different fluoride concentrations

Concentration 25 50 100 200 300 400 500
of Fluoride
(mg/1000ml)
Fluoride MA, MB, MA, MB, MA, MB, MA, MBI, MBI, MBI, MBI,
resistant MBI, MBI, MBI, MBI1D2, MBI1D2, MBI1D2, E G
strains MBI1D2, MBI1D2, MBI1D2, D1, E1, DILF, G D1,F, G

D1, El, DI, El, DI, El, F, G

F,G F,G F, G

Table 3. Morphological, physiological and biochemical characteristics of the purified fluoride
resistant isolates

Fluoride Colony Gram’s Optimum Optimum Amylase
resistant shape character temperature pH of activity
strains of growth growth

MBI ciruclar +ve 30°C 7.5 -ve

F circular -ve 30°C 8 -ve

G Slightly irregular +ve 30°C 7.5 +ve
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Fig. 1. Thermo Scientific ORION STAR A214 ISE
meter used for Fluoride estimation of ground water
samples

Bioremediation of fluoride by the high fluoride
resistant three strains

Bioremediation activity of high fluoride
resistant three isolates (MB1, F and G) were
performed on every alternate day, i.e on days
Ot 2nd 4t 6t 8t and 10%, Reduced fluoride
concentration was observed till 8th day, after
that there was no considerable defluoridation due
to the reduction in cell viability. When fluoride
concentration was present at 20 mgL"!, MBI
strain showed maximum fluoride removal of
68%, whereas, F and G showed 57% and 44%
fluoride removal respectively, at pH 7 and 30 °C
temperature with carbon source (dextrose) 10g per
100 mL after 8 days of incubation. Results indicate

C s

Fig. 2. Growth of MB1,F,G strains on LB agar with 50mg/100ml NaF

that, MB1 possibly a potential fluoride resistant
bacterium with high fluoride bioremediation
capacity. Xu et al., 2011 reported a bacterial species
with maximum of 22.1% fluoride removal.

CONCLUSION

In the present study, three fluoride
resistant bacteria (MBI, F, G) showing high
fluoride resistance (up to 500mg/L NaF) have
been purified from ground water sample of highly
fluoride affected location of Nalgonda district
i.e. Narketpally. The above three strains showed
varying bioremediation activity, in which MB1
strain showed maximum fluoride elimination
of 68%, whereas, F and G strains showed 57%
and 44% fluoride degradation respectively, when
fluoride concentration was present at 20 mgL"' at

30°C temperature and pH 7 with dextrose (10 g) as
carbon source per 100 mL media after incubation
of 8 days. Though the MBI strain was showing
promising results in Fluoride bioremediation,
further study needs to be conducted in future to
achieve longevity and maintenance of bacteria
through immobilization studies.
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