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ABSTRACT

 The object of this study was to determine the fluoride concentration in groundwater
of four blocks in Ajmer district of Rajasthan state (India). The relation between various
other water quality parameters such as electrical conductivity, pH, total dissolved salts,
chloride, fluoride nitrate, carbonate, bicarbonate, sulfate, magnesium, calcium, potassium,
and sodium were also studied. A systematic calculation of correlation coefficients among
different physico-chemical parameters was also performed. The analytical results indicated
considerable variations among the analyzed samples with respect to their chemical
composition. The majority of the samples do not comply with Indian as well as WHO
standards for most of the water quality parameters studied. The fluoride concentration in
the groundwater of these blocks varied from 0.24 to 17.60 mg/L, causing dental fluorosis and
skeletal fluorosis among the people of these blocks. The overall water quality was found
unsatisfactory for drinking purposes without any prior treatment.
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     INTRODUCTION
The chemistry of groundwater is an

important factor determining its use for
domestic, irrigation or industrial purposes. The
quality of groundwater is controlled by several
factors, including climate, soil characteristics,
groundwater through the rock types, topography
of the area, saline water intrusion in the coastal
areas, human activities, etc. The purity of this
water has become a health concern because a
number of potentially toxic substances have
been discovered in groundwater serving
communities throughout the nation. Many of
these compounds are naturally occurring
substances that have always been present in
the environment. One of the most common

examples is fluoride. It is an essential
microelement for human health. Smaller
quantities in the order of 1.0 mg/L in ingested
water are usual considered good to have a
beneficial effect on the rate of occurrence of
dental carries, particularly among children19.
Due to its strong electro-negativity, fluoride is
attracted by positively charged calcium ions in
teeth and bones.

Though fluoride enters the body through
food, water, industrial exposure, drugs,
cosmetics, etc., drinking water is the
major contributor (75-90% of daily intake)15

among them. According to WHO, 1971,
permissible limit for fluoride in drinking water
is 1.0 mg/L20, whereas USPHS, 1962 has a
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set a range of allowable concentrations for
fluoride in drinking water for a region depending
on its climatic conditions because the amount
of water consumed and consequently the
amount of fluoride ingested being influenced
primarily by the air temperature7,6. The problem
of excessive fluoride in groundwater in India
was first reported in the state of Andhra
Pradesh16. Excessive intake of fluoride results
in pathological changes in teeth and bones, such
as mottling of teeth or dental fluorosis followed
by skeletal fluorosis15.

The major sources of fluoride in
groundwater are fluoride-bearing rock such
as fluorspar, cryolite, fluorapatite and
hydroxylapatite1.  The importance of
groundwater and its significance has been
globally recognized as almost all the states are
facing some problem or the related to
availability of water or its quality. In context of
Rajasthan, water resource development has
been identified as one of the thrust areas due
to a general shortage of this resource and a
history of low rainfall and recurring droughts.

AIMS AND OBJECTIVES
The fluoride content in the groundwater

is a function of many factors such as availability
and solubility of fluoride minerals, velocity of
flowing water, temperature, pH, concentration
of calcium and bicarbonate ions in water, etc.4,9.
Bhargava et al.3, Tyagi et al.17, Mohanty et
al11 conducted a study related with the

correlation among water quality parameters.
Fluoride may cause an increase in the
concentration of thyroid stimulating hormone
(TSH) and a decrease in the concentration of
T3 and T4 hormones in the thyroid gland
resulting in hypothyroidism13. Adverse effects
on reproductive potential of humans have also
been reported5. The levels of mental work
capacity and the intelligence quotient of children
who were born and raised in fluorosis endemic
area have been reported lower than normal10.
Excess fluoride affects plants and animals also.
The severity of injury is determined by duration
of fluoride exposure and concentration. The
fluoride concentrations in groundwater in India
vary considerably, it is below 0.5 mg/L at certain
places to as high as 30 mg/L at other places.
The present paper deals with the correlation
study of various water quality parameters with
reference to Indian and WHO standards. So,
that the areas with poor quality of groundwater
should be not used without any prior treatments.

MATERIAL AND METHODS
Study Area

Rajasthan state, being the largest state
of the country having near about 10% of the
total geographical area of the country with only
1% of water resources available to the state.
Ajmer district like a diamond studied in the heart
of Rajasthan is an ancient city has its continuous
history of nearly one thousand three hundred
years. It is well known for its religious, cultural

Table 1
Range of maximum allowable fluoride concentrations as per USPHS

    Annual average of maximum     Recommended Fluoride               Maximum allowable fluoride
Daily air temperature (ºC) concentration (mg/L)                       concentration (mg/L)

Lower Optimum Upper
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 1.0 1.3 2.0
17.8-21.4 0.7 0.9 1.2 1.8
21.5-26.2 0.7 0.8 1.0 1.6
26.3-32.5 0.6 0.7 0.8 1.4
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and strategic significance during medieval and
modern history. The district is situated in the
center of the state between 25°38’ and 26°52’
north latitudes and 73°54’ and 75°22’ east
longitudes. The location map of the Ajmer
district is shown in the Fig. 1. The total
geographical area is 8481 sq km with the
density 257 and sex ratio 931.

Ajmer has Jaipur district on its north-
eastern border, Tonk district on its eastern side,
district Nagore on its western border and
Rajsamand district on its southern border.
Aravali range runs from northeast to southwest
in the region. The hilly tract covers only about
5% of the district. This extensive elevated
undulating tract is essentially a much peneplain
and presents a diversified countryside consisting
of rocky hills, straight or sinuous ridges
alternated with narrow valleys.

The study was undertaken in four blocks
of Ajmer district, viz. Arain, Bhinai, Kekri, and
Srinagar. The total population in these four
blocks is approximately 744,488 whereas the

total geographical area is about 4,429.50 sq km.
In the district groundwater is the only source
of drinking water as there is no such perrineal
source of water. The area comes under the
semi-arid region with scanty to normal rainfall.
Water is extracted using hand pumps. The
water table in the study region varies from 4 m
to 38 m. The geological formations are of
alluvium, gneiss and of schist type.
Water Sampling

The study area includes four blocks
namely Arain, Bhinai, Kekri, and Srinagar in
Ajmer district (Rajasthan). The water samples
were collected from 18 different groundwater
locations of each block in the month of April to
July. The samples were collected in pre-clean
sterilized polyethylene bottles of one litre
capacity and stored in an ice cooled box. The
analyses were carried out according to APHA,
1989 standard methods for various physico-
chemical parameters2.  The analyzed
parameters were electrical conductivity, total
dissolved salts, pH, sodium, potassium,

Fig. 1. Location of Ajmer in Rajasthan and Rajasthan in India and Location of Ajmer district.
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magnesium, chloride, carbonate, bicarbonate,
calcium, sulfate, fluoride, nitrate concentrations
in the groundwater samples.

METHODOLOGY
The electrical conductivity along with pH

value was determined on site. The TDS were
calculated using a formula from the USSL, 1954
[18]. The fluoride concentration in water was
determined spectrophotometrically using
ELICO SL-150 ultravoilet spectrophotometer.
Sodium fluoride was used to prepare the

standard solutions. Sulphate was determined
nephalometrically using ELICO CL-52
Nephalometer. Chloride was determined by
argentometric titration method.

Analytical grade chemicals were used
throughout the study without further
purification. For preparing all the reagents and
calibration standards, double glass distilled
water was used. Each sample was analyzed
thrice. The analytical results such produced
were used as input for statistical analyses.

Table 2
Comparison of groundwater quality at the villages under study with drinking water

standards (India and WHO)

Parameters Values from collected samples Indian Standards      WHO Standards
Min. Max. Mean Acceptable Max.

EC 615 16140 4079.81 300 — —
TDS 424 10555 2494.74 500 1500 500
pH 7.20 10.80 8.48 7-8.5 6.5-9.2 6.5-9.2
Na 53 3609 712.46 — — 200
K 2 641 39.33 — — —
Ca 6 375 82.04 75 200 75
Mg 8 337 82.98 30 - 150
Cl 28 4733 882.6 200 1000 500
SO4 6 2350 328.25 200 400 —
CO3 24 842 84 — — —
HCO3 46 1562 473.1 — — —
NO3 2 386 80.05 100 50 —
F 0.24 17.60 3.71 1.0 1.5 —

    * All the values are in mg/L, except pH and EC.

RESULTS AND DISCUSSION
It is a minor constituent of most of the

ground water, mainly contributed from the
fluorine bearing minerals in igneous and
metamorphic rocks. Its minor presence in
groundwater makes it unsuitable for drinking.
The high level of fluoride in ground water is a
common phenomenon in most of the arid and
semi-arid regions of the world. The Indian
quality standards for drinking water prescribe
a fluoride range of 0.5 to 1.5 ppm in
groundwater. The fluoride concentration above
1.5 mg/L in drinking water may cause mottling
of teeth and its higher concentration can cause
skeletal fluorosis or deformation of bones.

A comparison of groundwater quality of
the study area with the drinking water standards
(Indian and WHO) is presented in the Table
2. The data revealed considerable variations
in the water samples with respect to their
chemical composition. The pH of all the water
samples varies from alkaline to slightly alkaline.
Whereas on average the pH value of the water
samples was slightly alkaline. There is a large
variation in electrical conductivity even in the
samples collected from the same block.
According to classification by Rabinove et al.14,
groundwater was non-saline at 24 locations,
slightly saline at 29 locations, moderately saline
17 locations and very saline at 2 locations
(Table 3).
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The WHO acceptable limit for alkalinity
in drinking water is 200 mg/L in all the villages;
the total alkalinity was higher than the
acceptable limit. The concentration of chloride
ranged from 28 to 4733 mg/L. At 30 locations
the chloride concentration was higher than
that of WHO permissible limit. Calcium
concentration in the water samples varied from
6 to 375 mg/L. the concentration of calcium
was higher than that of WHO acceptable limit
at 29 locations. Lower concentration of calcium

as compared to that of sodium is observed
indicating the absence of readily soluble calcium
minerals or the action of base exchange.
Carbonate varied from 24 to 842 mg/L in
concentration of the groundwater samples.
Bicarbonate concentration ranged from 46 to
1562 mg/L. the concentration of nitrate in the
samples ranged from 2 to 386 mg/L. At few
locations traces of nitrate were also observed.
14 samples have concentration of nitrate more
than the acceptable limit.

Table 3
Classification of water samples on the basis of total dissolved salts

Serial No. Classification of Total dissolved salts No. of
groundwater (mg/L)           Samples

1 Non-saline < 1000 24
2 Slightly Saline 1000-3000 29
3 Moderately Saline 3000-10000 17
4 Very Saline > 10,000 02

Table 4
Concentration of fluoride in drinking water and its effects on human health

Fluoride Concentration Effect
(mg/L)

Nil Limited growth and fertility
< 0.5 Dental caries
0.5-1.5 Promotes dental health, prevents tooth decay
1.5-4.0 Dental fluorosis (mottling and pitting of teeth)
4.0-10.0 Dental fluorosis, skeletal fluorosis

(pain in neck bones and back)
> 10.0 Crippling fluorosis

Source : International Drinking Water Standards (1971), WHO, Geneva.

Table 5
Classification of the water samples on the basis of fluoride concentration

Serial No. Fluoride (mg/L) No. of Samples
1 0-0.5 0
2 0.5-1.5 17
3 1.5-4.0 27
4 4.0-10.0 23
5 > 10.0 3



Journal of Environmental Researh And Development                   Vol. 1 No. 4, April-June 2007

388

The concentration of fluoride varies from
0.24 to 17.60 mg/L. 53 samples out of total
72 groundwater samples have higher fluoride
concentration indicating the poor quality of
groundwater samples in all the four blocks of
Ajmer district. In high concentrations, as with
almost all substances, fluoride compounds are
toxic. 27 locations come under the range of
concentration of 1.5 to 4.0 mg/L of fluoride
which causes mottling and pitting of teeth. The
condition of suffering from dental fluorosis and
skeletal fluorosis (pain in neck and back) is
observed in 23 locations having the fluoride
concentration between 4.0 to 10.0 mg/L.

The only generally accepted adverse
effect of low concentration water fluoridation
is dental fluorosis. It is a condition caused by
excessive intake of fluorine compounds over
an extended period of, and can cause yellowing
of teeth, hypothyroidism, or brittling of bones
and teeth. Fluoride is present in the teeth, bones,
thyroid gland and skin of animals. It plays an
important role on the formation of dental enamel
and normal mineralization in bones but can
cause dental fluorosis and adversely affect the
central nervous system, bones, and joints at high
concentrations1.
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Fig. 2. Fluoride concentration of groundwater in the four villages as compared to the maximum
acceptable limit for drinking water in India.

The fluoride concentration at most of the
locations was higher than the permissible limit
as evidenced from Fig. 2. The highest
concentration of fluoride of 17.60 mg/L at
Bharai location of block Kekri is observed. At
block Srinagar, most of the locations had
fluoride concentration below the permissible
limit, where as in block Bhinai, all locations had
fluoride concentration greater than the
permissible limit. At Arain and Bhinai blocks,

only two locations in each block had fluoride
concentration within the acceptable range.

The statistical analysis (shown in
Table 6) showed that EC has a positive and
significant correlation with TDS and Na+. TDS
was positively and significantly correlated with
Na+, Mg2+, Cl– and SO4

2–. Sodium, Magnesium
and Chloride were positively and significantly
correlated with TDS, whereas Magnesium+ and
Chloride– were positively and significantly
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correlated with Ca2+ and Mg2+. Sulfate was
having positive and significant correlation with
TDS, chloride, magnesium and sodium.

Table 6
Correlation matrix for different water quality parameters

 EC TDS pH Na+ K+ Ca2+ Mg2+ Cl– SO4
2– CO3

2– HCO3
– NO3

– F–

EC  1 0.96 -0.30 0.94 0.30 0.29 0.35 0.28 0.28 -0.17 0.03 0.55 0.10
TDS 1 -0.29 0.98 0.32 0.63 0.90 0.98 0.83 -0.11 0.19 0.61 0.17
pH 1 -0.25 -0.11 -0.44 -0.28 -0.29 -0.22 0.53 -0.17 -0.18 0.08
Na+ 1 0.19 0.50 0.82 0.96 0.77 -0.04 0.30 0.54 0.30

K+ 1 0.29 0.35 0.28 0.30 -0.17 -0.03 0.45 -0.14
Ca2+ 1 0.75 0.66 0.50 -0.25 -0.23 0.55 -0.27
Mg2+ 1 0.90 0.80 0.01 -0.09 0.60 -0.03
Cl– 1 0.72 -0.13 0.13 0.57 0.12
SO4

2- 1 -0.17 0.03 0.55 0.10

CO3
2– 1 0.11 -0.17 0.18

HCO3
– 1 -0.20 0.48

NO3
– 1 -.04

F – 1

The regression equations among the significantly correlated parameters are given in the Table 7.

Carbonate, bicarbonate, nitrate and fluoride
were not significantly correlated with any of
the parameters studied.

Table 7
Least square of the relation (x = A + By) among significantly correlated parameters

x (dependent) y (independent) Correlation A B

EC TDS 0.96 447.26 1.46
EC Na+ 0.94 735.78 4.69
TDS Na+ 0.98 200.17 3.22
TDS Mg2+ 0.90 346.18 25.89
TDS Cl– 0.98 677.12 2.06
TDS SO4

2– 0.83 1014.28 4.51
Na+ Mg2+ 0.82 120.45 7.13
Na+ Cl– 0.96 171.50 0.61
Na+ SO4

2– 0.77 291.18 1.28
Ca2+ Mg2+ 0.75 21.46 0.73
Mg2+ Cl– 0.90 24.57 0.07
Mg2+ SO4

2– 0.80 32.57 0.15
Cl– SO4

2– 0.72 273.94 1.85
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CONCLUSION
In the present study it was found that

most of the water samples, collected from the
four blocks of Ajmer district do not meet the
water quality standards for fluoride
concentration and many other groundwater
quality parameters. Groundwater is the only
source of drinking water in the study area and
entire population is exposed to the consumption
of excessive fluoride. The population of the
study area is at higher risk due to excessive
fluoride intake especially when they are
unaware of the amount of fluoride being
ingested due to lack of awareness among them.
Hence it is not suitable for consumption without
any prior treatment. For treating the water,
population must be aware of the simple
processes of defluoridation. Excessive fluoride
ingestion by human beings can be prevented
by using the following approaches :
Using alternate water sources:

Alternate water sources include surface
water, and rainwater. Storing and harvesting
the rainwater and using to dilute the
concentration of fluoride in groundwater.
Improving the nutritional status of
population at risk :

Adequate calcium intake is directly
associated with a reduced risk of dental
fluorosis. Vitamin C ingestion also safeguards
against the risk of fluorosis.
Defluoridation:

Removing excess fluoride from drinking
water using different techniques such as
Flocculation and Adsorption.
 Flocculation : The Nalgonda technique

(named after the village in India where the
method was pioneered) employs this
principle. Alum (hydrate aluminium salts)
- a coagulant commonly used for water
treatment - is used to flocculate fluoride
ions in the water.

 Adsorption : The other approach is to
filter water down through a column packed
with a strong adsorbent, such as activated
alumina (Al2O3), activated charcoal, or ion
exchange resins. This method, too, is
suitable for both community and household
use.
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