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Abstract— Groundwater samples collected either from the bore-

wells (forms a part of municipal water supply) or from the hand 

pumps (direct consumption) were analyzed for fluoride in 

Bhiwani District (India). The results indicate considerable 

variations among the analyzed groundwater samples and the 

concentration of fluoride ranged from 1.1 to 2.1 mg/l. In most of 

the groundwater samples the concentration of fluoride was found 

to be moderately higher, when compared to WHO standard for 

drinking water, which may leads to the associated health risks in 

urban population, if the groundwater is being used without 

proper treatment. Further it is suggested that the sources of 

municipal water supply must be established in a region where an 

adequate level of fluoride was observed.  
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I. INTRODUCTION 

 

The fluoride intake in the general public derives chiefly from 

drinking water (70 – 90% of daily intake). Small amounts in 

ingested water are usually considered good to have a 

beneficial effect on the rate of occurrence of dental caries, 

particularly among children. On the other hand due to its 

strong electronegativity, fluoride is attracted by positively 

charged calcium ions in teeth and bones. Excessive intake 

results in pathological changes in teeth and bones, such as 

mottling of teeth or dental fluorosis followed by skeletal 

fluorosis1. As per WHO (1997) permissible limit for fluoride 

in drinking water is 1.0 mg/l, 2 whereas USPHS (1962) has set 

a range of allowable concentrations for fluoride in drinking 

water for a region depending on its climatic conditions, 3 

because the amount of water consumed and consequently the 

amount of fluoride ingested being influenced primarily by the 

air temperature 4. Accordingly, the maximum allowable 

concentration for fluoride in drinking water in Indian 

conditions comes to 1.4 mg/l, while as per Indian standards it 

is 1.5 mg/l 5. The routine monitoring of water can assure the 

populace that the quality of their drinking water is adequate. It 

can also be beneficial in detecting deterioration in the quality 

of drinking water and facilitate appropriate timely corrective 

actions with minimal negative impacts on population health. 

In the present study, groundwater of Bhiwani District was 

mapped for fluoride distribution, which is mainly used for 

drinking and other domestic purposes. 

 

Experimental  

 

Site specifications and sampling: The district occupies an area 

of 5,140 square kilometres (1,980 sq mi). It is situated 

between 28.19 deg. & 29.05 deg. north latitudes and 75.26 deg. 

and 76.28 deg. east longitudes. It has 444 villages with a 

population of 1,425,022. Bhiwani District falls in a hot and 

semi-arid Southwestern zone of Haryana State (India) and 

approximate 166 thousand people live in urban area.Fig:1 

showing the location of bhiwani district in Haryana. The city 

was divided in to 9 blocks-Badhra, Bawani Khera, Bhiwani, 

Dadri-I, Dadri-II, Loharu, Tosham, Kairu, Siwani. A total of 

60 groundwater samples were collected from various localities 

including various residential, commercial and industrial areas. 

The samples were collected after the extraction of water either 

from privately owned manually operated hand-pumps or from 

electricity operated bore-wells. 

 

 
                           

Fig:1 
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Methodology used in the determination of physico-chemical 

parameters  

The collected samples were analyzed for following major 

physical and chemical parameters: 

1. pH was determined by Eutech instruments pH tutor.  

2. Total dissolved solid(TDS) was determined by 

gravimetric analysis method.6 

3. Total hardness (TH), Ca
2+ 

and Mg
2+

 hardness was 

determined by titrimetric method using standard EDTA 

solution. 6 

4. Total alkalinity (TA), was determined by titrimetric 

method using standard sulphuric acid solution. 6 

5. Fluoride content in the groundwater samples was 

determined directly after dilution with equal volumes of 

TISAB buffer (pH = 5.2)  using a reference pH-meter 

((Hanna Instruments Model=Hi 3222-02).7 

All the chemical used were of Analytical Grade. All the 

experiments were carried out in triplicate and the results were 

found reproducible with ± 3% error. 

 

Table - 1: Comparison of ground water quality at the village 

under study with drinking water standards (Indian and WHO)  

 

 
 

Results and Discussions  

The shallow tube wells in the district range from 20 to 

90m.Water is pumped out from shallow aquifers by manually 

operated hand-pumps (installed at approximately10- 30 meters 

depth) and from deep aquifers by electricity operated bore-

wells (installed at approximately 111 meters depth). 

The groundwater has no colour, odour and turbidity. Taste of 

the water was slightly brackish at most of the locations. The 

minimum and maximum values of various physico-chemical 

parameters for the selected sites are provided in Table-1. The 

results indicate that the quality of water varies considerably 

from location to location.  

pH Varies from 7.1 to 8.2. This shows that all samples are 

existed within the minimum and maximum tolerable limit of 

WHO and BIS. The water samples were found to be slightly 

basic in nature. Hardness is measured in terms of total 

hardness and calcium hardness. Total hardness varies form 

120.1-588.4 mg/lt, mostly exceeds the maximum permissible 

limits of WHO. Ca2+ varies from 25-144 mg/lt which were 

within the WHO and Indian Standard. Mg2+ concentration 

varies from 14-185 mg/lt which were very high compared 

with the WHO. Alkalinity varies from 42-212 mg/lt and most 

of the water sample exceeds the maximum permissible limit of 

WHO. 

 
Fig. 2 

 

 
Fig. 3 

 

The major natural resource of fluoride is amphiboles, apatite, 

fluorite and mica. It’s concentration in natural waters 

generally should not exceed 10mg/lit 8. The values of various 

physico-chemical parameters for the selected sites are 

provided in Table-2. 

The factor responsible for ground water contamination with 

fluoride are geological factors such as weathering of minerals, 

rock dissolution and decomposition containing fluoride over a 

long period of time resulting in the leaching it into ground 

water 9. An anthropogenic factor such as industrial process 

liberates higher concentration of fluoride into atmosphere. 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. 10. No clear trend 

of fluoride was observed in the groundwater samples obtained 

either from hand-pumps or from electrically operated bore-

wells. The level of fluoride varies from 1.1 to 2.1 mg/l in 

various regions of Bhiwani District. The analyzed fluoride 

concentration of the sites shows that 26 seven sampling sites 

out of 60 were having the fluoride concentration greater than 

the BIS and WHO permissible limits (as shown in fig 2, fig 3 

and fig 4). Fluoride could have originated from fluoride 
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bearing minerals such as fluorite in the rocks. It was suggested 

that the main source of groundwater fluoride in granitic rocks 

is the dissolution and anion exchange with micaceous 

minerals and their clay products 11. But considering the 

geology of Bhiwani District it can be suggested that other 

source also exists for fluoride in ground water. It was 

suggested total dissolved solid as an indicator of water quality, 

whereas our study recommend that fluoride should also be 

used as a marker of groundwater quality, where it is used for 

domestic and especially for drinking purposes 12. 

 

 
Fig. 4 

 

The frequencies of fluoride concentrations are given in table 

no:2, which shows that around 44 % samples have the fluoride 

levels higher than 1.5 mg/l. Taking into account the BIS 

recommended fluoride concentration (1.5 mg/l) in drinking 

water, people in these localities should be advised to adopt 

some defluoridation technique prior to use of groundwater for 

drinking purposes.  

 

CONCLUSIONS 

 

There was no clear trend observed for the distribution of 

fluoride in various regions of Bhiwani District. Although 

groundwater samples collected from west zone show the 

minimum levels of fluoride, most of the groundwater samples 

collected from east and south zone show the maximum 

variation and also exceed the WHO standard for fluoride in 

drinking water. Though ground water of Bhiwani District can 

be used for drinking purposes, it is further suggested that some 

kind of treatment for hardness and fluoride removal is 

immediately required in the studied villages to avoid 

waterborne health problems in residents. 
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