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Abstract: Fluoride contamination in groundwater is one of the major environmental hazards in many districts
of Rajasthan viz. Ajmer, Bhilwara, Nagaur, Tonk etc. Due to occurrence of fluoride in groundwater of central
part of Rajasthan belt known as “Banka Patti”. This belt crosses the whole of Nagaur district.Groundwater
quality with reference to fluoride content in the Jayal block located in the Nagaur District of Rajasthan has been
assessed. Results of the groundwater samples show fluoride content greater than that of the safe limit
prescribed for drinking purpose. Fluoride in presently studied sites was recorded in the ranges of 0.5 and 6.5
mg/l. As per the desirable and maximum permissible limit for fluoride in drinking water, determined by WHO or
by Bureau of Indian Standards, the groundwater of about 53 villages of the studied sites is unfit for drinking
purposes. The minimum concentration was recorded for Roopathal village (0.5 mg/l) while maximum
concentration was recorded from village Rajod (6.5 mg/l). 
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INTRODUCTION all living being from the health point of view. It helps in

Water is  one  of the five elemental constituents of enamel. Fluoride when consumed in inadequate quantities
the life as described in “Shastras”. The search of life in (less than 0.5 ppm) causes health problem like dental
the  universe  begins  with  the  search  of  water.  Of  the carries, lack of formation of dental enamel and deficiency
total  water on earth, 97 % is saline in oceans, 2% is of mineralisation of bones, especially among the children
locked in polar and mountain icecaps and only 1% is [2]. On the contrary, if fluoride is consumed or used up in
available as freshwater on the surface and underground. excess (More than 1.0 ppm); it can cause different kinds
It  is also a fact that out of the total water, which is of health problem which equally affect both young and
trapped beneath the ground, almost 20% is of inferior old [2-4]. Fluoride is almost present in air, water and food,
quality due to the presence of various dissolved salts. the most common way it enters the food chain is via
Fluoride, arsenic, nitrate, zinc, selenium, iron, sulphur are drinking water. At concentration above 1.5 mg/l (79
some of the individual ions that make water unsuitable ìmole/l) however, fluoride is dangerous to human health,
other than total quantity of common ions such as sodium, leading to dental and skeletal Fluorosis disease that can
potassium, calcium, magnesium, bicarbonate, chloride, cause mottling of the teeth, calcification of ligaments,
sulphate etc. crippling bone deformities and many other physiological

Fluorine is the most electronegative of all element and disorders that can, ultimately, lead to death [5]. In
is therefore, never encountered in nature in the atomic groundwater, the natural concentration of fluoride
form. It is seventeenth in the order of frequency of depends on the geological, chemical and physical
occurrence of the elements and represent about 0.6 to characteristics of the aquifer, porosity and acidity of the
0.09% of the earth curst [1]. Fluoride is an essential ion for soil  and  rocks,  temperature  and  the  depth  of  source.

the normal mineralisation of bones and formation of dental



World Appl. Sci. J., 24 (2): 146-153, 2013

147

It has been observed that low calcium and high The above values are taken from Helgeson (1969).
bicarbonate alkalinity favour high fluoride content in
groundwater. Hence to monitor the groundwater quality
a lot of studies carried out throughout the world
nowadays [6]. In the world, around 200 million people
from 25 nations have great health risks, with high fluoride
in the drinking water [7]. The problems are most
pronounced in various states of India viz. Andhra
Pradesh, Bihar, Gujarat, Madhya Pradesh, Punjab,
Rajasthan, Tamil Nadu and Uttar Pradesh [8-13].

Geo Chemistry of Fluoride: In groundwater fluorine
occurs as fluoride ions and forms soluble complexes with
much kind of inorganic and organic ligands. Fluorides are
released into aqueous solution during weathering process
of rocks and minerals and through anthropogenic
pollution. Solubility of fluoride from F bearing minerals is-

relatively low under normal condition, but the slow
kinetics often enhances leaching and fluoride enrichment
in groundwater [14]. Part of fluorides may occur in
groundwater as a result of mineral fluorite (CaF )2

dissolution. The solubility product for fluorite (K ) canfluor

be determined according to the following dissociation
formula [15]: 

CaF < > Ca + 2F2
2+ -

K aCa ] * [aF ] 10 , at 25° Cfluor = [
2+ - -9.04

Where

[aCa ] and [a ] are the activities of the concerned ions.2+ -
F

Both Smyshlyaev and Edeleva (1962) and Handa
(1975) have reported for K the values of 10  [16,17].fluo

10.75

Due to the relatively low solubility of fluoride the
occurrence of aqueous F is predominantly controlled by-

the availability of free Ca  water [18].+2

The dissolution constant of calcium carbonate
(CaCO ) is much larger than that of fluorite:3

CaCO  (s) + H  < > Ca (s) + HCO3 3
+ 2+ -

K = a  * a a = 0.97 * 10Cal Ca HCO3 / H
2+ - + 2

Since the solubility product for fluoride is constant,
the activity of fluoride is directly proportional to HCO , if3

the pH is constant. When computing the thermodynamics
equilibrium in the groundwater system in contact with
calcite and fluorite, a combined equation is derived [17]:

CaCO  (s) + H  +2F  < > CaF (s) + HCO3 2 3
+ - -

K = a /a [a -] = 1.06 * 10Cal-fluor HCO3 H  * F
- + 11

The corresponding value by Smyshlyaev and Edleva
(1962) is K = 3.6 *10 . From the last equation can becal-fluor

12

concluded that the aqueous F  concentration are-

proportional to HCO  dominating water what favour the3
-

dissociation of fluoride from in the areas where alkaline
carbonate-  containing  waters  are  in  contact  with
fluorine- bearing rocks.

Geology of Nagaur District: The major portion of Nagaur
district is covered by brown sand. The geology is
evidently based on scattered outcrops. The oldest rocks
dating to back to 2,500 million years consist of schist,
Gneisses and Phyllite. These are overlain by meta-
sediments of the Delhi super group represented by the
older Alwar group consisting of dolomite, marble schist
and calogeniss; these have been intruded by granite
rocks. Sedimentary rocks of the marble super group
(Trans- Aravalli Vindhyan) overlie the granite rock. The
marwar Super group is divided into the Jodhpur Group
made up of sand stone and intercalated shales, the Bhilara
group which is mostly calcareous and argillaceous and
the Nagaur group which is dominantly made up by sand
stone, silt-stone, shale and gypsum. These are followed
by sand stone and bentonite [19]. 

Groundwater is a major source of human intake of
fluoride, including its subsequent incorporation into food
items. The main source of fluoride in groundwater is
considered to be Fluoride-bearing minerals such as
fluorspar (CaF ), fluorapatite [Ca  (PO ) F], cryolite and2 5 4 3

hydroxylapatite in rocks [20]. The chemical composition
of the stratum through which the groundwater has flowed,
therefore, is regarded as an important factor for
determining the fluoride concentration of groundwater.
The natural concentration of fluoride depends on the
geological, chemical and physical characteristics of the
aquifer [21]. Fluoride geochemistry of groundwater in
parts of Brahmaputra flood plain in Kamrup district,
Assam and found F concentration ranged from 0.00-
10.71mg/l. Geological formation of this zone consist of
fluoride containing minerals, which could be a major
source of fluoride in these groundwater sources [22].

In India, fluoride is one of the most undesired
elements present in under-groundwater extracted for
drinking purposes in many areas. Drinking water
containing optimum levels of fluoride (0.5–1.5 mg/l;
depending on climatic conditions and the relative
contribution of non-aqueous sources of fluoride to overall
fluoride load in individuals), confers protection against
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dental caries without causing fluorosis, particularly consequently the amount of fluoride ingested is
among children. On the other hand due to its strong influenced primarily by air temperature, USPHS (1962) has
electro negativity, fluoride is attracted by positively set a range of concentrations for maximum allowable
charged calcium ions in teeth and bones and hence fluoride in drinking water for communities based on the
excessive intake can results in pathological changes in climatic conditions as shown in table 2 [28].
teeth and bones, such as mottling of teeth or dental
fluorosis followed by skeletal fluorosis [23]. Thus, the MATERIALS AND METHODS
fluoride concentration in drinking water is a like two-
edged knife; both its higher and lower concentration is Study Area: Rajasthan is the largest state in India having
not safe. The permissible limit of fluoride in drinking water 342,239 km2 areas with relatively low population density,
is 1.0 mg/l [24]. Per day fluoride intake is directly related i.e., 165 persons per square kilometer. According to
with the daily water intake. Therefore, in year 1962, physiographic divisions, the north and western part of the
USPHS set a range of allowable concentrations for state is under the Great Plain of north India, while south
fluoride in drinking water according to the climatic and middle as well as eastern part is classified under the
conditions (especially temperature). Peninsular Plateau. In the state, Thar Desert occupies

In  Rajasthan,  availability  of   safe   and  potable about 61% of the total area. Groundwater is a major source
water  is  still  low for a majority of rural population for drinking and domestic and irrigation purpose. Jayal is
residing  in  18  districts,  where  the  main  source of a census town in the Nagaur district of Rajasthan state.
drinking water is the groundwater in the form of open The village is located 40 km away from Nagaur. It is also
wells, tube wells, hand pumps, etc., having fluoride the tehsil and block headquarters with the same name.
content  as  compared  to  water  from  surface  source. Jayal is located at 27.2167°N 74.1833°E. It has an average
Certain  edibles,  e.g.,  tea,  betel,  tobacco,  etc.  also elevation of 296 metres (974 feet). Jayal had a population
contain  sufficient  amount  of  fluoride  which is of 224,944. Males constitute 114,881of the population and
absorbed in the body through gastrointestinal tract, females 110,063. It consist 9.79% of Nagaur district. The
further aggravating the problem. It is estimated that an total population of Jayal tehsil are belongs to rural area.
average adult may ingest 8-10 mg fluoride daily from Total number of inhabited villages of Jayal tehsil of
drinking water [10, 11]. Nagaur district is 136 [19]. The selected part for this study

Many researches regarding fluoride level in is situated in central part of the state and toward east
groundwater and fluorosis have been carried out in direction in Nagaur district where groundwater is a major
different district as well as tehsil of Rajasthan [8-11,25,26]. source of drinking water as well as irrigation. 
However, in Jayal block, a rural part of Nagaur district, no
study has been carried out yet in the study area with Water Sample Collection: Groundwater samples of fifty
reference to fluoride in groundwater. Therefore the seven villages located in Jayal Block of Nagaur district
present study was undertaken to investigate the were collected in pre cleaned polythene bottles with
concentration of fluoride in groundwater of some rural necessary precautions [29]. The samples were collected,
habitations of Jayal block of the district Nagaur of in year 2013, from manually operated hand pumps of
Rajasthan, India. privately owned or from hand pumps established by

Guidelines and Standards: According to WHO’s studied habitations.
guidelines for drinking water, a fluoride level of 1.5 mg/L
is the desirable upper limit. India reduced the upper limit Methodology: The fluoride concentration in water was
of fluoride in drinking water from 1.5 to 1.0 mg/L with a determined electrochemically, using fluoride Ion selective
rider that less is better [27]. This is due to extremes in electrode [30]. This method is applicable to the
climatic conditions and the diet being deficient in measurement of fluoride in drinking water in the
essential nutrients (calcium, vitamins C, E and concentration range of 0.02-1,000 mg/L. The electrode
antioxidants) in the rural communities of India. So, Indian used was an Orion fluoride electrode, coupled to an Orion
Standards the maximum desirable limit of fluoride in electrometer. All the experiments were carried out in
drinking water is 1.0 mg/L and maximum permissible limit triplicate and the results were found reproducible with
1.5 mg/l. As the amount of water consumed and ±2% error.

government of Rajasthan in residential localities of
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Preparation of TISAB- III: The data revealed considerable variations in the water
Take 250 ml de-ionized water and add 234 ml of samples with respect to fluoride. From the studied
concentrated hydrochloric acid. Add 385.4 gm of available data, groundwater concentration is shown to be
Ammonium acetate. Add 17.3 gm of 1, 2-cyclohexylene- highly variable and variations are seen between different
diaminetetraacetic (CDTA). Stir to dissolve and cool at villages within the same block. The fluoride concentration
room temperature. Make it up to 1000 ml. detected in the groundwater was found to vary between

Procedure: Table 1.
All the villages were categorized according to

Calibration of instrument: - Prepare a series of following concentration range (Table 1).
standards over the appropriate concentration range
(0.1 mg/l, 1.0 mg/l and 10.0 mg/l) Calibrate the Category I: Fluoride concentration below 1.0 mg/l
instrument to obtain -59.2 ±2 mv slop. (Green Colour)
Take 10 ml sample add 1 ml of TISAB III and measure Category II: Fluoride concentration between 1.0 - 1.5
fluoride concentration. mg/l (Yellow Colour)

RESULT AND DISCUSSION mg/l (Red Colour)

The  groundwater   was   free   from   colour  and mg/l (Brown Colour)
odour and its taste was slightly salty at most of the Category V: Fluoride concentration above 5.0 mg/l
location. (Black Colour)

0.5 to 6.5 ppm. The result of groundwater is presented in

Category III: Fluoride concentration between 1.5 - 3.0

Category IV: Fluoride concentration between 3.0 - 5.0

Table 1: Fluoride categorization of villages of Jayal tehsil

Category I Category II (Above 1.0 mg/l Category III (Above 1.5 mg/l Category IV (Above 3.0 mg/l Category V

(Below 1.0 mg/l) and below or equal to 1.5 mg/l) and below or equal to 3.0 mg/l) and below or equal to 5.0 mg/l) (Above 5.0 mg/l)

Roopathal 0.5 Talniyau 1.1 Awaliyasar 1.6 Chhapra 3.1 Khari Jodha 5.1

Jhujhala 0.6 Surpaliya 1.1 Deediya 1.6 Kashipura 3.1 Jani 5.1

Lunsara 0.6 Dodoo 1.2 Sandeela 1.8 Jayal 3.1 Khinyala 5.2

Khabariyana 0.9 Tangla 1.2 Berasar 1.8 Kherat 3.2 Tanwara 5.6

Uchaira 1.2 Rohina 1.9 Dugoli 3.2 Matasukh 5.6

Kalvi 1.2 Tarnau 2.1 Ratanga 3.2 Phardod 5.8

Khatoo kalan 1.3 Bosari 2.3 Dharna 3.2 Gugriyali 5.9

Somra 1.4 Nimbora 2.3 Khinyawas 3.4 Soneli 6.2

Borwa 1.4 Gorau 2.3 Deh 3.5 Rajod 6.5

Kathoti 2.3 Arsinga 3.5

barnel 2.3 Dugastau 3.5

Igyar 2.3 Burdi 4.2

Kasnau 2.3

Bagrasar 2.5

Rotoo 2.5

Merwas 2.5

Rol 2.5

Chhajoli 2.5

Peediya 2.5

Kameriya 2.6

Jhareli 2.6

Dotina 2.6

Ubasi 2.6
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Table 2: USPHS recommendation for maximum allowed fluoride in drinking water [28]

Recommended fluoride concentration (mg/L) Maximum

Annual average of maximum --------------------------------------------------------------------------------------------- allowable fluoride

daily air temperature (°C) Lower Optimum Upper concentration (mg/L)

10–12 0.9 1.2 1.7 2.4

12.1–14.6 0.8 1.1 1.5 2.2

14.7–17.7 0.8 1 1.3 2

17.8–21.4 0.7 0.9 1.2 1.8

21.5–26.2 0.7 0.8 1 1.6

26.3–32.5 0.6 0.7 0.8 1.4

Fig. 1: Fluoride distribution in Jayal block of Nagaur district

Fig. 2: Frequency distribution of fluoride concentration in Jayal block of Nagaur district
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A colored tehsil map was prepared using six It has been found that almost all villages are coming
distinguish colors as shown in figure 1 and concentration
of fluoride in the block is shown graphically using
frequency distribution in Figure 2. The study reveals that
four villages (7.01%) falls in category I (Green color in
fig.1) in which fluoride concentration is below 1.0 mg/l. In
these villages there are no possibilities of any kind of
fluorosis. Nine villages (15.79%) have fluoride
concentration above 1 mg/l and below or equal to 1.5 mg/l
and fall in category II (Yellow color in fig.1). About twenty
three villages (40.35%) have groundwater above and
below or equal to 3.0 mg/l, which is above the maximum
permissible limit as recommended by BIS (Red color in
fig.1). only twelve villages (21.05%) have fluoride
concentration in groundwater is above 3.0 mg/l and below
or equal to 5.0 mg/l and this fall in category IV (Brown
color in fig. 1). In the entire study nine villages falls in
category V (Grey color in fig. 1). In these villages fluoride
concentration is above 5.0 mg/l.

The population living in these areas is susceptible to
highest dental and chronic skeletal fluorosis. Here, an
attempt has been made to mathematically compute a
relationship between fluorides concentrations in
groundwater of Jayal block with respect to risk factor
associated with endemic fluorosis. The risk index (R), a
function of fluoride level in drinking water and morbidity
of fluorosis, has been calculated following equation
proposed by Linthurst and Bo [31, 32]:

I (0.2K + 0.8 K )1 2

R = -----------------------------
I0

Where,
I Average fluoride concentration of groundwater of a

given area
I Standard fluoride concentration of drinking water,0

i.e., 1.5 mg/l
K Correlation coefficient of morbidity of dental1

fluorosis and fluoride level in drinking water
K Correlation coefficient of morbidity of skeletal2

fluorosis and fluoride level in drinking water.

Based on the value of R, the villages of Jayal block
has been classified as risk free, slight risk, risk, high risk
and very high risk as follows:

Risk Value Fluorosis risk factor
0.5  1.0 Risk free
1.0  1.5 Slight risk
>1.5 <3.0 Risk
>3.0 5.0 High risk
>5.0 Very high risk

under risk area only 7.01% villages of Jayal block are in
risk free area. 15.79% and 40.35% villages are under slight
risk and risk area. In these villages various types of dental
fluorosis May be found, while 21.05% and 15.89% villages
is found under high and very high risk category
respectively. Investigation and statistical results showed
that significant positive correlation exists between
morbidity of dental and skeletal fluorosis with respect to
the fluoride concentration of the study area under
investigation. The risk of dental and skeletal fluorosis in
the study area is increased with an increase of fluoride
level in drinking water.

It has also been reported that high doses of fluoride
is toxic to man and causes health hazards including
hemorrhagic gastroenteritis acute toxic nephritis and
degree of injury to the liver and heart muscles [33]. In
such cases plasma epinephrine and fluoride induced
hyperglycaemia is significantly increased [34]. Fluorosis
is accompanied by adverse effect on the other systems
and organs of the body namely liver, kidney, muscles,
heart, lungs, blood and the hormonal functions [2,35, 36].
The kidney is the principal organ through which maximum
concentration of fluoride is excreted.

Traditional Fluoride Mitigation Practices Used in Area:
To mitigate fluorosis persons in the area established some
rules / practices by their experience of years and hence
well proved. These practices are based on two basic
principles:

Selection of least contaminated source for drinking
purposes and 
Change in dietary habits.

Selection of Source: In the area with high fluoride in
groundwater people were found to use least contaminated
sources without any knowledge of fluoride availability in
water and its ill effects. On studying further it was found
that there are 3 ways to select least contaminated source:

By the experience of years local people categorized
the source into ill source and healthy sources
irrespective of fluoride examination in water. The ill
sources are unsafe and if used results in illness
regarding bones deformities. The healthy sources are
safe and were used by community.
Groundwater sources near to surface water bodies
are being used by community. These sources also
provide least contaminated water. 
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In some area surface water is being used by 7. Mameri,      N.,    A.R.       Yeddou,       H.     Lounici,
community after treatment. Surface water has no
fluoride contamination and community saved
themselves by fluorosis.

Change in Dietary Habits: In the area people have
changed   their  dietary   habits.   They   were   found  to
use  more calcium  products   in   daily   diet.   In  some
area  it  was  established  that  even  eat  some  less  but
take  a   bowl   of   curd   in   daily   diet.   Curd   have  a
good  quantity  of  calcium  and  intake  of  calcium
prevents  from  fluorosis  even  high  fluoride  water is
been used. 

CONCLUSION

In  view  of  our   results,   a   public  health
programme should  be  designed  by   taking  into
account  all the fluoride sources, including dietary
fluoride. Epidemiological surveillance for dental and
skeletal  fluorosis  will  help  to  determine  the  health risk
in  the  study  area  which  is  exposed  to  elevated
fluoride level. Low fluoride content or fluoride free
drinking water has to be made available to the population
of the catchment area. 
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