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ABSTRACT 

Hydrochemical characteristics of groundwater in Mahua block provides an important information 
about the sources of dissolved ions, and hydro-geochemical processes, involved. Groundwater 
samples were collected from 20 different locations of Mahua block and analysed for 14 different 
physio-chemical parameters for understanding the geochemistry of the study area. The results show 
that the average value of pH measured are about 8.28 showing alkaline nature. The chloride (Cl-) is 
the most dominant anion and sodium (Na+) is the major cation in groundwater. Dissolution of rocks 
and soil structure are responsible for increasing the concentration of dissolved ions. On the basis of 
total hardness (TH) values, all the samples fall in very hard category. Fluoride concentration varies 
from 0.72 to 3.88 mg/l with an average of 2.14 mg/l.  Moreover, according to the BIS and WHO, 
85% and 60% of the ground water samples, respectively exceed the maximum desirable limit of 
fluoride. Hydrogeochemical facies of the samples suggest that 95% of the samples concentrated Na+  
HCO3, Ca+2  Na+  HCO3 and Ca+2 HCO3- salts. The correlation analysis indicates that groundwater 
chemistry in Mahua block is mainly controlled by geology and oxidation of pyrite along with 
minimum contribution from anthropogenic activities. 
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INTRODUCTION 

Groundwater is one of the most important 
resource, and essential for sustenance of 
living beings and other activities. Fluoride is 
a major element present in the groundwater. 
It helps for development of bones and 
enamel formation. A daily dose of 0.5 ppm 
is required for proper formation of enamel 

and bone, which otherwise cause dental 
caries, lack of enamel formation and bone 
fragility (Alhava et al., 1980; Akpata et al., 
1997; Cao et al., 2000; Ayenew, 2008). 
Fluoride is present in the form of naturally 
occurring minerals as fluorite (CaF2), 
cryolite (Na3AlF6), muscovite, biotite, topaz, 
tourmalite, hornblende and villianmite 
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(Handa, 1975; Msonda et al., 2007). The 
fluoride concentrations are generally found 
to be higher in water with high alkalinity. 
Fluoride (~21.0 mg/l) was found in 
groundwater at Madanapur village, 
Kurmapalli watershed, Nalgonda district, 
Andhra Pradesh, which is one of the highest 
fluoride values in groundwater of granite 
terrain in India (Mondal et al., 2009). The 
rock sample analysis revealed that the rock 
water interaction has enriched the fluoride 
values in this area. Muralidharan et al. 
(2002) reported that Rajasthan has 
maximum number of people affected by 
high fluoride concentration in groundwater. 
High fluoride concentration and fluorosis in 
the country are commonly generated in arid 

and semi-arid climate, with granite and 
gneisses being the dominant rock types. 
(Handa, 1988; Teotia et al., 2004; Subba 
Rao, 2009). Fluoride pollution of 
groundwater remains a widespread problem, 
throughout the world. It has been observed 
that groundwater is the major drinking water 
source in the villages of Mahua block, 
Dausa, Rajasthan state, India (Fig.1). 
Endemic fluorosis as well as its prevalence 
and severity are poorly known in the study 
area. Thus, the main objectives of the 
present study are to (1) assess the 
groundwater quality for drinking purpose, 
and (2) evaluate the fluoride content and 
identifying the sources of fluoride (F-) in the 
ground water wells. 

 

Fig.1. Location map of the study area and distribution of the sampling points in Mahua block, 
Dausa District, Rajasthan 

INDIA

Rajasthan

Mahua Block



J. Himalayan Ecol. Sustain. Dev. Vol. 13 (2018)  ISSN 0973-7502 
 
 

124 
 

Study area 

The study area is located in between 76o 48’ 
14’’ – 77o 03’ 00’’ E longitude and 26o 52’ 
45’’- 27o 11’ 00’’ N latitudes covering an area 
of approximately 505 sq.km (Fig.1) with 
semi-arid climate. The Banganga river flows 
from the east to west and the block is 
broadly divided into two parts. The mean 
maximum temperature ranges between 40oC 
and 45oC in the summers during months of 
May-June, and the minimum temperature 
fluctuates between 3oC and 10oC in the 
winters during months of January-February. 
The maximum rainfall (about 94.5%) occurs 
mainly due to SW monsoon and the mean 
annual rainfall is about 562 mm. The 
predominant geological formations of the 
study area are Alluvium, Delhi Super Group 
and Bhilwara Super Group. Alluvium 
(composed of sand, clay, kankar and gravel) 
forms the principal and potential aquifer in 
this area. Quaternary alluvium is the 
principal water bearing formation occupying 
84.65% of the study area (CGWB, 2008). 
Talus and scree deposits and hard rocks of 
Bhilwara and Delhi Super Group rest in a 
small part forming 15.35% of the minor 
aquifers. Groundwater occurs in the 
unconfined to confined conditions in the 
primary porosity (i.e., pore spaces). 

MATERIAL AND METHODS 

About 20 groundwater samples were 
collected from the study area in the month of 
May, 2015 (in pre-monsoon season). These 

samples were collected in plastic containers 
previously thoroughly cleaned with distilled 
water and subsequently with sampled 
groundwater before filling. The pH, total 
dissolved solids (TDS) and electrical 
conductivity (EC) of the collected water 
samples were measured on spot using the 
portable pH-meter, TDS meter and electrical 
conductivity meter respectively. The 
samples were acidified using HNO3 for 
cation analysis. The samples were stored in 
ice box and were carried to the laboratory 
and kept at 40C for further chemical 
analysis. Other major parameters F-, NO3-, 
Ca+2, Mg+2, Na+, K+, Cl-, HCO3- and SO4

-2 
were analysed according to the standard 
procedures (APHA, 2005). Fluoride 
concentration was measured by ion-selective 
electrode method. Magnesium and calcium 
were estimated by volumetric titration using 
Ethylene Diammine Tetra Acetic Acid 
(EDTA). Chloride ion concentration was 
determined by volumetric titration using 
AgNO3. Sodium and potassium were 
determined by flame photometer. Sulphate 
was measured using turbidity meter. The 
analytical precision for the measurements of 
cations and anions, indicated by the ionic 
balance error (IBE), was computed on the 
basis of ion expressed in meq/l. The value of 
IBE was observed to be within a limit of ±5 
(Mandel and Shiftan, 1980). Correlation co-
efficient (r) between each of the parameters 
were also estimated using the regression 
analysis. 
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RESULTS AND DISCUSSION 

General hydrochemistry 

The general composition of the groundwater 
samples from the Mahua block, Dausa are 
summarized in Table 1. Statistical measures 
such as minimum, maximum and average 
are also presented in Table 2. The pH of 
groundwater samples ranged from 8.00 to 
8.50 with an average of 8.28 (±0.1), 
indicating that the groundwater is alkaline in 
nature. As per the Bureau of Indian 
standards (BIS, 2012) and World Health 
Organization (WHO, 2011) standards, all the 
samples are within permissible limit (6.50-
8.50) meant for human consumption.  The 
TDS of groundwater samples ranging 
between 523 and 3626 mg/l with an average 
value of 1543 mg/l, suggest that TDS 
exceeds the permissible limit (2000 mg/l, 
IS10500:2004). Five groundwater samples 
from the Mahua block had TDS values in 
excess of the permissible limit (>2000mg/l). 
The TDS contour map had been prepared 
and shown in Fig. 2a. It indicates that the 
groundwater quality in the western and 
south-eastern parts of the study area is not in 
good condition. Generally, the higher TDS 
values cause gastro-intestinal irritation to 
human beings (Sarala et al., 2012). 

The total hardness (TH) levels in  

 

groundwater samples varied from 180 to 
1500 mg/l. According to Durfor and Becker 
(1964), all the groundwater samples fall in 
very hard category, which can cause scaling 
problem to air-conditioning plants (Hem, 
1991). The chloride concentration ranged 
from 43 to 1617 mg/l with an average of 494 
mg/l. It was more than the permissible limit 
for drinking water (>200mg/l) in the entire 
study area except in the northern part (Fig. 
2b).  

The nitrate (NO3
-) concentration in 

groundwater varied from 01 to 159 mg/l 
with an average of 28 mg/l (Table 2), 
indicating high concentration of nitrate 
(NO3

-) in drinking water. The contour map 
of nitrate shows that its concentration is 
more than 45 mg/l in the extreme south-
eastern and eastern parts (Fig. 3a). Hence, 
this is mostly responsible for methemo-
globinemia (Blue baby syndrome) to infants 
and is assumed to be a result of agricultural 
activities, which is practiced largely in this 
area. Most of the rural habitations, where 
groundwater sampling was done, fall under 
intensive cultivation areas, and farmers have 
been using nitrogen rich fertilizers since last 
few decades. Moreover, animal waste 
disposal might be responsible for NO3

- 
enrichments in local aquifers (Suthar et al., 
2009). 
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Table 1. Hydrogeochemical parameters of the groundwater of the Mahua block, Dausa district,  
Rajasthan 

Well ID pH EC TDS TH Ca2+ Mg2+ Na+ K+ HCO3
- CO3

-2 Cl- NO3
- F- SO4

-2 

W-1 8.40 1010 602 470 24 100 77 5 366 36 113 13 3.52 439 

W-2 8.50 970 523 335 40 57 74 5 305 48 135 12 3.88 ND 

W-3 8.40 1180 667 180 12 36 200 4 354 24 170 5 3.06 108 

W-4 8.40 2280 1243 325 40 55 384 2 744 60 213 9 3.28 646 

W-5 8.20 2100 1123 205 12 43 395 2 842 ND 248 2 3.28 ND 

W-6 8.40 6040 3382 1395 136 257 770 10 195 24 1617 31 0.96 ND 

W-7 8.40 1050 585 325 34 58 110 2 378 60 71 15 2.66 341 

W-8 8.30 1220 693 315 30 58 145 1 610 36 43 24 3.64 490 

W-9 8.40 2500 1440 425 42 78 395 5 525 36 418 47 1.70 38 

W-10 8.50 3420 1889 700 52 139 480 5 366 60 837 11 1.58 98 

W-11 8.00 6320 3626 1500 144 277 784 10 244 ND 1609 33 1.34 367 

W-12 8.10 2680 1512 400 36 75 435 5 574 ND 440 7 1.46 228 

W-13 8.10 3000 1762 685 54 134 354 78 561 ND 425 95 0.84 146 

W-14 8.40 2420 1374 450 52 78 345 9 500 36 447 11 1.70 156 

W-15 8.00 4680 2676 645 32 137 784 7 549 ND 1064 9 0.72 348 

W-16 8.30 4000 2310 375 38 68 770 3 830 36 617 14 2.06 127 

W-17 8.30 1780 996 520 40 102 170 7 488 36 213 57 1.22 50 

W-18 8.10 4200 2460 645 56 123 681 7 549 ND 815 14 1.22 122 

W-19 8.30 2290 1394 345 48 55 384 2 586 36 319 159 1.34 46 

W-20 8.00 1080 616 295 24 57 120 2 683 ND 71 1 3.24 50 

All values, except pH and EC 25oC, are in mg/l, ND: Not detected. 
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Table 2. Statistics of physical and chemical variables of groundwater samples (N=20) 

Variable Minimum Maximum Average 

pH 8.00 8.50 8.28 

EC 970 6320 2711 

TDS 523 3626 1543 

TH 180 1500 527 

Ca2+ 12 144 47 

Mg2+ 36 277 99 

Na+ 74 784 393 

K+ 1 78 9 

HCO3
- 195 842 512 

CO3
-2 ND 60 26 

Cl- 43 1617 494 

NO3
- 1 159 28 

F- 0.72 3.88 2.14 

SO4
-2 ND 646 190 

Except pH and EC values, the limit of all variables are in mg/l; ND: Not detected 

 

 

Fig. 2.  Showing contour map of (a) TDS (in mg/l), and (b) Cl- (in mg/l) in Mahua block, Dausa 
District, Rajasthan 

(a) (b)
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The fluoride concentration in water samples 
varied between 0.72 to 3.88 mg/l with an 
average value of 2.14 mg/l. According to 
Bureau of Indian Standards (BIS, 2012), 
85% of the samples exceeded the maximum 
desirable limit and 60% of samples 
exceeded the maximum desirable limit as 
per the World Health Organization (WHO, 
2011) standards. The contour map of 
fluoride concentration has been shown in 
Fig. 3b. It indicates that fluoride 
concentration is within the permissible limit 
(<1.5mg/l) in the western part and in small 
patches in southern part of the study area. 
Fluoride is electro negative element hence 
quickly reacts to form fluoride compounds. 
Therefore, presence of free fluorine 
molecule is an obsolete possibility but under 
favourable physico-chemical conditions, it 
may occur in dissolved form in groundwater 
(Handa, 1975; Salve et al., 2008). A higher 
value of pH in study area favours the 
enrichment of fluoride in groundwater.  
Thus biotite/muscovite can increase the 
concentration of fluoride in groundwater. 
The alkaline nature of groundwater favours 
the solubility of fluoride bearing minerals. 
The cations are mainly dominated in 
groundwater such as Na+> Mg+2> Ca+2> K+ 
whereas anions, Cl-> HCO3

-> SO4
-2> NO3

-

>CO3
2-> F-. Based on significant major ionic 

concentrations in the groundwater, the 
quality of it has been deteriorated 
significantly in the study area. 

 

 

Correlation between different hydro-
chemical constituents 

Correlation is a statistical method, which 
shows the dependency of one variable to the 
other variables (Mondal et al., 2005; 
Sarwade et al., 2007; Srinivasamoorthy et 
al., 2013). Hence, it is used to compute the 
degree of interrelationship between the two 
chemical variables (Edet et al., 2003).  

Table 3 shows the result of correlation 
coefficients of various analysed physico-
chemical parameters in the groundwater 
samples of Mahua block. The correlation co-
efficient between Ca+2 and Mg+2 is 0.91. 
This strong positive correlation between 
chemical variables are showing common 
origin of these ions. The SO4

-2 shows very 
low correlation with Ca+2 (-0.03), Mg+2 
(0.01) and Na+ (-0.04), but it does also not 
show significant correlation with NO3

- 
concentration (Table 3). Dissolution of 
sulphate minerals (CaSO4, MgSO4) and 
oxidation of pyrite were less important in the 
groundwater chemistry of Mahua block, 
Rajasthan. Good correlation is observed 
between Na+ and Cl- (r2 =0.87), Mg+2 and 
Cl- (r2 =0.91), and Ca+2 and Cl- (r2 =0.85) 
indicating common source viz., calcium, 
magnesium and sodium rich (CaCl2, MgCl2 
and NaCl) minerals in the study area. A 
positive correlation between Cl- and Na+ 
with EC values shows that dissolution of 
ions from rocks is a major controlling factor 
of EC. Negative correlation was observed 
among the fluoride concentration with EC   
(-0.71), Cl2 (-0.67) and NO3 (-0.42), but 
positive one with the pH.
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Fig. 3. Showing contour map of (a) NO3
- (in mg/l), and (b) F- (in mg/l) in Mahua block, Dausa 

District, Rajasthan 

Table 3. Correlation matrix of physico-chemical variables of groundwater samples in the study 
area (the values in bold indicate significant correlation) 

pH EC TDS TH Ca2+ Mg2+ Na+ K+ HCO3
- CO3

-2 Cl- NO3
- F- SO4

-2 
pH 1.00 
EC -0.37 1.00 
TDS -0.38 0.99 1.00 
TH -0.24 0.85 0.84 1.00 
Ca2+ -0.13 0.80 0.80 0.94 1.00 
Mg2+ -0.27 0.85 0.84 0.99 0.91 1.00 
Na+ -0.38 0.94 0.95 0.63 0.59 0.64 1.00 
K+ -0.26 0.15 0.17 0.23 0.16 0.25 0.05 1.00 
HCO3

- -0.28 -0.22 -0.21 -0.58 -0.56 -0.58 0.03 -0.03 1.00 
CO3

-2 0.88 -0.37 -0.39 -0.26 -0.14 -0.29 -0.37 -0.32 -0.17 1.00 
Cl- -0.29 0.97 0.96 0.91 0.85 0.91 0.87 0.09 -0.41 -0.33 1.00 
NO3

- -0.03 0.05 0.08 0.09 0.18 0.07 0.01 0.39 -0.01 0.01 0.01 1.00 
F- 0.36 -0.71 -0.72 -0.57 -0.51 -0.58 -0.67 -0.38 0.17 0.34 -0.67 -0.42 1.00 
SO4

-2 -0.07 -0.04 -0.04 0.01 -0.03 0.01 -0.04 -0.08 0.07 0.20 -0.08 -0.22 0.25 1.00 

(a) (b)
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Hydrogeochemical facies 

Groundwater can be accessed on the basis of 
geochemical components present in natural 
solution (Xiano et al., 2012). In order to 
provide precise distribution of chemistry of 
groundwater, Piper trilinear chart/ diagram 
is mostly used (Piper, 1944; Kumar et al., 
2015). The Piper trilinear diagram (Fig. 4) 
shows that Na+- HCO3

-, Ca+2- Na+- HCO3
- 

and Ca+2 - HCO3
- are the major hydro-

geochemical facies in the groundwater of the 

study area with minor contribution of Na+ -
HCO3

- type of hydrogeochemical facies. The 
composition of major ions indicates the 
dominancy of alkalis (Na+ and K+) and 
strong acids (Cl- and SO4

-2) over alkaline 
earths (Ca+2 and Mg+2) and weak acids 
(HCO3

-), respectively. Approximately, 8 
ground water samples fall in no carbonate 
alkali and 6 samples fall no cation-anion 
pair; however, ~5 samples fall in carbonate 
hardness (secondary alkalinity) and only 1 
sample falls in carbonate alkali. 

 

Fig. 4. Distribution of the groundwater samples from Mahua block on Piper diagram 
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CONCLUSION 

Hydrochemical characteristics of ground 
water is carried out in Mahua block, Dausa 
district, Rajasthan with a systematic 
groundwater sampling. The analysis shows 
that majority of samples (about 85%) 
contain excess fluoride than desirable limit. 
Based on total hardness (TH), all the 
groundwater samples fall in very hard 
category. According to TDS classification, 
about 25% of groundwater samples fall in 
above permissible limit. The dominancy of 
the major cations and anions in groundwater 
is observed as Na+> Mg+2> Ca+2> K+ 

(cations) and Cl-> HCO3
-> SO4

-2> NO3
-

>CO3
2->F-(anions). The high concentration 

of fluoride is depending on composition of 
rock and water rock interaction in the area.   
Since, the study area lies in arid to semi-arid 
environment, the temperature in summer is 
very high and precipitation is very less; 
hence the maximum concentration of 
fluoride in Mahua block is due to dissolution 
of fluoride bearing minerals and fluorite 
dissolution. The statistical analysis shows 
that there is a positive correlation (r2 =0.91) 
between Ca+2and Mg+2. The SO4

-2 shows a 
very low correlation with Ca+2, Mg+2, and 
Na+. On the basis of Piper Trilinear 
Diagram, Na+- HCO3

-, Ca+2- Na+- HCO3
- 

and Ca+2- HCO3
- are the most dominant 

water type in this block. This indicates that 
the quality of groundwater is mostly 
controlled by the oxidation of pyrite. The 
information providing in the article can be 

useful for both government as well as 
private agencies for the sustainable 
management of groundwater resource. 
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