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ABSTRACT 

This paper reports the ground water quality deterioration due to fluoride in the parts of Chhattisgarh state. Out of se- 
lected 60 sites, high contamination of fluoride content up to 7.00 ppm was found in Kolam, Muragaon and Saraitola 
villages and in the range of 1.0 to 1.2 ppm in Basanpalli, Bhalumuda, Dolesara, Penkapara, Kunjhemura villages. Ten 
new areas were selected for yearly monitoring and fluoride concentration was found up to 1.44 ppm. The results call for 
immediate steps for monitoring and treatment of contaminated locations. 
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1. Introduction 

Around 200 million people among from 25 nations the 
world over, are under the dreadful fate of fluorosis. India 
and China the two most populous countries of the world, 
are the most affected [1,2]. Concentration of fluoride in 
ground water is mainly due to natural or geogenic con- 
tamination which depends on the geogenic reasons of an 
area [3,4]. Fluorosis is endemic in 17 states of India. The 
most seriously affected areas are Andhra Pradesh [5-7], 
Punjab [8], Haryana [9], Rajasthan [10,11], Gujrat [12], 
Tamilnadu [13], Orissa [14], Maharashtra [15] and Uttar 
Pradesh [16]. Recently some highly fluoridated areas in 
Chhattisgarh have also been located. Out of selected 60 
sites, high contamination of fluoride content up to 7.00 
ppm was found in Kolam, Muragaon and Saraitola vil- 
lages and in the range of 1.0 to 1.2 ppm in Basanpalli, 
Bhalumuda, Dolesara, Penkapara, Kunjhemura villages 
of Raigarh but when we moved ahead towards Sarguja 
(north to Raigharh) we found concentration of Fluoride 
up to 1.44 ppm, which is entirely related to the geo- 
logical structure of the study area. Thus the main ob- 
jective of the study was to assess the contamination of 
fluoride in water & its cause.  

The Raigarh district (Figure 1) lies between 21˚22' - 
22˚42' North latitude and 82˚55' to 83˚49' East longi- 
tude. The area is made up of sandstone, carbonaceous 
shale and feldspathtic stone. Surguja district (Figure 2) 
lies between 23˚37'25'' to 24˚6'17'' north latitude and 

81˚34'40'' to 84˚4'40" east longitude. 

2. Materials and Methods 

Sampling of contaminated area was carried out in 2008. 
The sampling bottles of one liter capacity were cleaned 
with detergent, chromic acid, tap water and finally with 
double distilled water. Then the samples were collected 
in these pre cleaned bottles. Duplicate samples were col- 
lected from each sampling site. Water samples were 
analyzed in laboratory for different water quality pa- 
rameters pH, conductivity, total dissolved solid (TDS), 
alkalinity, hardness, calcium, chloride, sulphate, nitrate 
and for heavy metals including iron, copper and zinc. 
Standard analytical methods were used for all water pa- 
rameter: pH measured using a single electrode pH-meter, 
conductivity using a conductivity meter; alkalinity, cal- 
cium and chloride were analyzed titrimetrically, sulphate 
with a turbidity meter and nitrate by the brucine method 
(APHA, 1992) [17]. For detection of iron, copper and zinc 
Atomic Absorption Spectrophotometer (Varian AA240FS) 
was used. Analysis of fluoride was carried out by ion se- 
lective electrode. 

3. Results and Discussion  

Initially we randomly collected water samples from 
various locations of study area and then we had chosen 
ten particular locations for yearly monitoring of fluoride  
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Figure 1. Raigarh district. 
 

 

Figure 2. Surguja district. 
 
concentration. Statistical analysis shows that average 
fluoride concentration ranges from 0.39 ppm to 0.55 ppm 
with the mean value of 0.46 ppm. The results indicate 
that the fluoride is present in all samples analysed. The 
yearly mean values observed were pH 7.23, conductivity 
0.48 µS, alkalinity 178 ppm, hardnerss 245 ppm, chloride 
20 ppm, calcium 66 ppm, copper 0.13 ppm, sulphate 36 
ppm, nitrate 1.65 ppm, fluoride 0.46 ppm, zinc 0.05 
ppm and iron 0.02 ppm. The statistical analysis further 

showed very small values of Kurtosis and Skewness sig- 
nifying relatively stable concentrations of all parameters 
during the study period. However the post monsoon sea- 
son had shown the peaking of fluoride values and lower- 
ing of pH values during the season.  

This picture becomes clearer if we take a single month 
of December 2008 (Tables 1 and 2). In the month of 
December the mean values observed were pH 7.02, con- 
ductivity (cond) 0.6 µS, alkalinity 279.5 ppm, hardness 
(hard) 254 ppm, chloride 6.66 ppm, calcium 93.6 ppm, 
copper 0.36 ppm, sulphate 27.7 ppm, nitrate 1.06 ppm, 
fluoride 1.17 ppm, zinc 0.01 ppm and iron 0.01 ppm. The 
higher mean value of fluoride is noteworthy. In the cor- 
relation studies on the entire data the fluoride showed 
positive correlation with conductivity, Total dissolved 
solid (TDS), alkalinity (Alk), chloride, calcium, nitrate 
and iron but shows negative correlation with pH, hard- 
ness, copper, sulphate and zinc.  

Based on correlation study (Table 2) the explanation 
of appearance of fluoride appears difficult. In the litera- 
ture also the fluoride is generally attributed to the pre- 
sence of sodium and potassium salts [18]. This paper did 
not find a conclusive correlation with sodium; hence it is 
felt that the source of fluoride is different. To account for 
it the coal deposits of the area were analysed. The area 
contains significant concentration of sulphides (0.5% - 
3.5% S) in certain coal seams. The coal mining of the 
area has been taken up by various national and private 
mining agencies. We feel that the sulphide minerals, 
especially pyrite, FeS2, present in the host rock is causing 
the internal generation of sulphuric acid, giving the water 
low pH at the point of generation [19].  
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Fluoride is more readily available in high clay soils 
and calcium tends to increase fluoride immobilization. 
As the pH of water decreases it tends to dissolve the 
calcium compounds and hence it may be possible that the 
dissolution of calcium is making the fluoride mobile. 
This acidity generation is not widespread and we did not 
come across acid mine drainage (AMD) however a few 
stream beds in the area show a distinct mild deposition of 
gypsum. Gypsum formation accounts for near neutral 
drainage and the low levels of calcium and sulphate in 
the studied samples. The absence of calcium as a binding 
gent results in the presence of free fluoride; source of  a 
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Table 1. Statistical analysis of the results obtained in December at all stations. 

December pH Cond TDS Alk Hard Cl− Ca Cu 2

4SO   3NO  F− Zn Fe 

Mean 7.02 0.60 301.30 279.50 254.00 6.66 93.60 0.36 27.70 1.06 1.17 0.01 0.01

Standard Error 0.07 0.03 16.01 24.63 15.43 0.63 6.46 0.04 1.88 0.41 0.06 0.00 0.00

Median 7.09 0.63 312.00 284.00 245.00 5.70 98.00 0.31 29.00 0.75 1.21 0.00 0.00

Mode 6.95 0.62 311.00 290.00 280.00 5.70 100.00 0.29 29.00 0.00 1.18 0.00 0.00

Standard  
Deviation 

0.23 0.10 50.62 77.88 48.81 1.98 20.41 0.13 5.95 1.28 0.19 0.01 0.01

Sample Variance 0.05 0.01 2562.01 6065.39 2382.22 3.92 416.71 0.02 35.34 1.64 0.04 0.00 0.00

Kurtosis 4.84 6.18 6.40 1.98 0.08 2.89 4.04 2.71 9.30 2.19 −0.40 0.57 5.36

Skewness −1.98 −2.31 −2.36 0.36 0.68 1.58 -1.59 1.54 −3.01 1.43 −0.62 1.18 2.27

Range 0.80 0.36 181.00 300.00 160.00 7.00 76.00 0.43 20.00 4.00 0.62 0.02 0.03

Minimum 6.45 0.34 168.00 140.00 190.00 4.30 44.00 0.22 11.00 0.00 0.82 0.00 0.00

Maximum 7.25 0.70 349.00 440.00 350.00 11.30 120.00 0.65 31.00 4.00 1.44 0.02 0.03

Sum 70.21 6.03 3013.00 2795.00 2540.00 66.60 936.00 3.56 277.00 10.60 11.70 0.05 0.05

 
Table 2. Correlation matrix of the data set. 

 pH Cond TDS Alk Hard Cl− Ca Cu 2

4SO 
3NO  F− Zn Fe 

pH 1.00             

Cond 0.19 1.00            

TDS 0.18 1.00 1.00           

Alk 0.17 0.52 0.52 1.00          

Hard 0.08 0.60 0.60 0.45 1.00         

Cl− −0.13 0.18 0.12 0.15 0.13 1.00        

Ca 0.32 0.44 0.48 0.53 0.76 −0.26 1.00       

Cu −0.12 0.15 0.16 −0.44 0.04 −0.35 0.06 1.00      

2

4SO   −0.09 −0.13 −0.11 −0.55 −0.22 −0.28 −0.44 0.07 1.00     

3NO  0.21 −0.03 −0.04 0.29 −0.55 0.26 −0.41 −0.42 0.05 1.00    

F− −0.03 0.16 0.12 0.51 −0.03 0.35 0.05 −0.46 −0.69 0.09 1.00   

Zn 0.11 −0.66 −0.64 −0.33 0.05 −0.31 0.05 0.05 0.18 −0.28 −0.54 1.00  

Fe 0.32 0.14 0.10 0.20 0.39 0.64 0.27 −0.49 −0.45 −0.14 0.48 −0.10 1.00

 
which is the geochemical reactions in the mildly acidic 
environment. Negative correlation obtained in our results 
between sulphate and fluoride proves the above theory. 
Geologic presence of fluoride and sulphur in the region is 
likely to further affect the water quality in the localized 
parts of Chhattisgarh state. 

4. Conclusion 

The studied area of Raigarh-Sarguja has shown signifi- 
cant presence of fluoride in the ground water. The prob- 
able reason for this appears to be the increasing coal 
mining actives in the region. Geologic presence of fluo- 
ride and sulphur in the region is likely further to affect 

the water quality in the Chhattisgarh state. 
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