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ABSTRACT: Groundwater is the major source of drinking water in semi-arid region of Rajasthan, India but its quality
has been degraded by the addition of contaminants through natural and or anthropogenic reasons. Fluoride is one
among these contaminants. The deterioration in the water quality may result in the health hazards. To ensure
proper groundwater management in the area present study is carried out to understand the status of groundwater quality
and possible causes for high fluoride concentrations. 34 groundwater samples were collected from Dausa district of
Rajasthan. Analysed results show that the fluoride concentration ranged between 0.48 and 3.64 mg/l with an average of
1.66 mg/l in groundwater of study area. Fluoride concentrations in about 82% of the samples are more than the
permissible limit (1.0 mg/l) set by the Bureau of Indian standards (BIS, 1991), whereas based on the WHO standards
(F:1.5 mg/l) (WHO, 2009), about 41% of samples are exceeded the maximum permissible limit. The order of major
cations and anions are Na*>Mg**>Ca">K" and HCO; > CI” > SO, >>C0O; >>NO; > F, respectively. Weathering of
rocks, evaporation and anthropogenic activities are found be responsible for high fluoride concentration. Since the
geological unit in study area are alluvium, quartzite and granite gneisses containing fluoride bearing minerals like —
Biotite, Muscovite, Fluorite and Albite, the major contribution comes from weathering of rocks. This finding is further
supported by Scholler Chloro-alkaline indices and high Na'/Ca™ratio (>1.0) suggesting ion-exchange. The high
fluoride content render the water unfit for agriculture and drinking purpose in the area thus to ensure sustainable uses
corrosivity ratio (CR) is utilized to assess groundwater suitability for industrial uses.
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ILINTRODUCTION

Fluoride is recognised as the thirteenth most common element in the earth's crust. It has both beneficial and adverse
effect on human health. Consumption of small quantity of fluoride (0.60 mg/l) is essential to bypass dental decay (BIS,
2012); whereas a dose lower than <0.6 mg/l in water promote tooth decay. When consumed in high dose (>1.5 mg/l), it
leads to dental fluorosis, and excessively high concentration (>3.0 mg/l) may lead to skeletal fluorosis. High indications
of dental fluorosis are mostly found in children up to the age of 12 years and skeletal fluorosis (Apambire et al., 1997)
may occur when fluoride concentration is more than 10 mg/l (Boyle and Chagnon, 1995). In 2013 the fluoride
contamination was reported from 18 states of India (CGWB, 2013), the spread has increased to 21 states affecting 62
million people which includes 6 million children (Adimalla and Li, 2014, Adimalla and Venkatayogi, 2016).[1,2]

Geochemical environment of groundwater is responsible for fluoride enrichment (Handa, 1975; Singh et al., 2011).
High fluoride concentration and fluorosis in the country are commonly associated with rural areas, arid and semi-arid
climate, granite and gneisses (Teotia et al., 2004; Fawell et al., 2006; Bhattacharyya, 2007; Johnson et al., 2008; Subba
Rao, 2009; Mondal et al., 2009; MacDonald et al., 2016; Bonsor et al., 2016; Krishan et al., 2016; Ali et al., 2015,
2014; Arya et al., 2014; Aravinthasamy et al., 2014, Kimambo et al., 2014; Karunanidhi et al., 2014, 2013a, 2010b;
Aullén Alcaine et al., 2013; Yadav et al., 2013). ljumulana et al. (2013) studied fluoride concentration in northern
Tanzania and found that due to geological variations, 96% [3,4] of water sources in hotspots have concentrations more
than permissible limit of 1.5 mg/L while cool spots have extremely low concentrations below 0.5 mg/L which is not
safe for drinking. Vithanage and Bhattacharya (2015) reported that geology, rock types, residence time, aquifer depth
and weathering intensity resulted in variations in fluoride contents of African groundwater. In Indian conditions,[5,6]
Jacks et al. (2005) reported that the high fluoride concentration groundwater in many parts of India may be due to (i)
evapotranspiration of groundwater with residual alkalinity (ii) difference in sequences of secondary precipitates (iii)
alkalinisation of soils. Mamatha and Rao (2010), Adimalla and Qian (2014); Adimalla and Li (2014) studied the factor
responsible for fluoride content in groundwater from a part of Kolar and Tumkur district of Karnataka, India and found
that the dry climate, the origin and geochemical mechanisms play a significant role for fluoride contamination of
groundwater. Marghade et al. (2015) used the various hydrogeochemical tools such as groundwater type, geochemical
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evolution of fluoride groundwater, ion exchange process, saturation indices, [7,8] geochemical modelling and pollution
index of groundwater (PIG). In this study, it was concluded that the enrichment of fluoride was mainly controlled by
geologic and hydrogeological conditions, fluoride-bearing minerals and their dissolution/precipitation under the
alkaline environment. Further, the ion exchange process, anthropogenic inputs and pollution index of groundwater
affect the contamination of fluoride. Rao et al. (2014) assessed the regional appraisal of fluoride occurrence in
groundwater of Andhra Pradesh, India and observed the fluoride rich minerals[9,10] as the main sources and residence
time, evapotranspiration and weathering processes as the supplementary factors for higher concentration of fluoride in
groundwater. Thapa et al. (2016) applied geospatial modelling technique for delineation of fluoride contamination zone
within Dwarka Basin, Birbhum, India and concluded that the use of remote sensing and GIS generate basic preliminary
ideas of the probable contamination site of groundwater with fluoride.[11,12]

Since no major studies were conducted focusing on Dausa district, the present study seeks to understand groundwater
quality in this area and to assess the possible causes for high concentration of fluoride in groundwater. Further
assessment is done to check the suitability of groundwater for industrial purpose using Corrosivity ratio.

Dausa district of Rajasthan state lies between 26° 22’ 13.32" to 27° 14’ 33.58" north latitude and 76° 08’ 32.62" to 77°
05 00.41" east longitude covering an area of 3420 km? (Fig. 1). The population of the district is 1,317,063 out of which
1,181,245 (89.69%) in the rural and 1,35,818 (10.31%) in the urban area (Census, 2011). There are three important
river basins; Banganga basin (forming 62.89% in the upper northern part), Morel basin (34.27 occupying the southern
part). Groundwater samples were collected by Groundwater department, Rajasthan [13,14]from 34 sites, which consist
of shallow hand pumps and tube wells, in polypropylene bottles during April-May 2015. The location of sampling sites
is shown in Fig. 1. For sample collection and analysis procedure as suggested by Trivedy and Goel (1984) and
American Public Health Association, APHA (1985) are followed. The important use of water analyses in groundwater
hydrology is to give information about the water quality. The groundwater quality is very important for determining its
suitability for drinking and domestic, agricultural, and industrial purpose. The minimum, maximum, average and
standard deviation concentration of physicochemical parameters of water quality such as pH, Electrical conductivity
(EC), Total dissolved solids (TDS), Total hardness (TH), and major cations and anions are presented.[15,16]
Groundwater quality has been evaluated specially in-terms of fluoride concentration and its sources in a semi-arid area,
Dausa District, Rajasthan. It has been concluded that fluoride contamination in groundwater of the study area mainly
depends on fluoride-bearing minerals and their interaction with water. The main sources of fluoride identified are
decomposition, dissociation and dissolution of fluoride rich minerals such as biotite and muscovite. [17,18]

11.DISCUSSION AND RESULTS

pH: The pH values in the groundwater samples of the study area range from 7.3 to 8.7 with the mean value of 7.93 £
0.4984. The groundwaters are alkaline in pH. According to WHO (1992) specification, all the samples fall under
desirable limit of pH (6.9-9.2). Electrical conductivity (EC): A high concentration of salts in irrigation water renders
the soil saline. This also affects the salt intake capacity of the plants through roots. Electrical conductivity of water
samples ranged from 402 to 2077 pmhos/cm with the mean of 1146.44 pmhos/cm. The US Salinity Laboratory (1954)
classified ground waters on the basis of electrical conductivity (Table 4) : Up to 250 pmhos/cm as excellent; 250 to 750
pmhos/cm as good; 750 to 2250 pmhos/cm as fair and > 2250 pumhos/cm as poor category. [19,20]Based on this
classification 78% of samples belong to fair category and remaining 22% of samples belong to good category. Total
dissolved solids (TDS): The total dissolved solids range from 265 to 1370 mg/L with a mean of 756.5 + 301.24 mg/L.
According to WHO specification, TDS up to 500 mg/L is highest desirable and up to 1000 mg/L is maximum
permissible category, thus 78% of samples belong to maximum permissible category, and remaining 22% of samples to
below the WHO specification. Based on the concentration of TDS (Wilcox 1955) groundwater can be classified as
follows: Up to 500 mg/L as desirable for drinking; up to 1000 mg/L as permissible for drinking and up to 3000 mg/L as
useful for irrigation. Based on this classification it was observed that out of 18 samples 8 are desirable for drinking and
remaining 10 are permissible for drinking. [21,22]Total hardness (TH): Hardness results due to the presence of divalent
cations of which Ca+2 and Mg+2 are the most abundant in ground waters. Hardness in water is also derived from the
solution of carbon dioxide released from bacterial action in soil in percolating water (Sawyer & McCarty 1967). In the
present study, the hardness of water samples ranged from 130 to 730 mg/L with a mean of 327.22 mg/L. The waters of
the study area are classified according to hardness based on WHO (1984), which revealed that 89% of samples belong
to permissible limit and 11% to out of permissible limit. Total alkalinity (TA): Most of the natural waters contain
substantial amounts of dissolved carbon dioxide, which is the principle source of alkalinity, and this can be
conveniently evaluated by acid titration. An increase in the temperature or decrease in the pressure causes a reduction
in the solubility of CO2 in water.[23,24] In the present study, alkalinity ranges between 110 and 620 mg/L with a mean
of 328.88 mg/L. According to WHO classification, 56% of samples belong to out of permissible limit, 33% of samples
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to optimum permissible limit, and 11% of samples to below permissible limit. Sulphate (SO4 —2): Health concerns
regarding sulphates in drinking water have been raised because of reports of diarrhoea associated with the ingestion of
water with high levels of sulphates. Although there is little information describing the acute toxicity of sulphates in
humans, animal data suggest that sulphate salts are not very toxic (Lorraine 2000). In the present study, sulphates range
from 6.0 to 85 mg/L with a mean of 25.44 mg/L. According to WHO classification, 78% of samples belong to below
the permissible limit and 22% samples to permissible limit. Fluoride (F-): Fluoride concentration ranged from 0.06 to
0.68 mg/L with a mean of 0.36 mg/L Fluoride values of all ground waters are below the WHO limit (1.5 mg/L).
61.11% of drinking water samples contained fluoride less than 0.5 mg/L. Consumption of drinking water with such low
fluoride content is insufficient to prevent dental caries. Chloride (Cl-): The acceptable range of chloride is 200 to 600
mg/L by WHO (1992). The chloride concentration varied from 20 to 450 mg/L with a mean of 151.66 mg/L. In all,
22% of samples belong to optimum permissible limit, while 78% of samples fall below the permissible limit. When the
excess chloride concentration is present with excess sodium concentration it may cause congestive heart failure[25,26]
Nitrate (NO3 —): The acceptable range for nitrate is 45 mg/L by WHO (1992). The nitrate concentration varied from 5
to 97 mg/L with a mean of 42.16. In all, 11% of samples belong to optimum permissible limit, 33% to out of
permissible limit, and 56% to below the permissible limit. Percent sodium (% Na): Sodium concentration is important
in classifying irrigation water because sodium reacts with soil to reduce its permeability. Soils containing a large
proportion of sodium with carbonate as the predominant anion are termed alkali soils; those with chloride or sulphate as
the predominant anions are saline soils. The role of sodium in the classification of groundwater for irrigation was
emphasized because of the fact that sodium reacts with soil and as a result clogging of particles takes place, thereby
reducing the permeability (Todd 1980, Domenico & Schwartz 1990). The percent sodium value in study area varies
from 1.81 to 8.48.[27,28]

I11.CONCLUSIONS

Groundwater is the major source of drinking water in semi-arid region of Rajasthan, India but its quality has been
degraded by the addition of contaminants through natural and or anthropogenic reasons. Fluoride is one among these
contaminants. The deterioration in the water quality may result in the health hazards. To ensure proper groundwater
management in the area present study is carried out to understand the status of groundwater quality and possible causes
for high fluoride concentrations. Many groundwater samples were collected from Dausa district of Rajasthan.
Analysed results show that the fluoride concentration ranged between 0.48 and 3.64 mg/l with an average of 1.66 mg/I
in groundwater of study area. Fluoride concentrations in about 82% of the samples are more than the permissible limit
(1.0 mg/l) set by the Bureau of Indian standards, whereas based on the WHO standards (WHO, 2009), about 41% of
samples are exceeded the maximum permissible limit. The order of major cations and anions are Na*>Mg**>>Ca'*>>K*
and HCO3~ > CI- > SO42>C0O32>NO3" > F-, respectively. Weathering of rocks, evaporation and anthropogenic
activities are found be responsible for high fluoride concentration. Since the geological unit in study area are alluvium,
quartzite and granite gneisses containing fluoride bearing minerals like — Biotite, Muscovite, Fluorite and Albite, the
major contribution comes from weathering of rocks.[29] This finding is further supported by Scholler Chloro-alkaline
indices and high Na*/Ca* ratio (>1.0) suggesting ion-exchange. The high fluoride content render the water unfit for
agriculture and drinking purpose in the area thus to ensure sustainable uses corrosivity ratio (CR) is utilized to assess
groundwater suitability for industrial uses[30]
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