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Abstract : Assessment of groundwater quality was carried 

out in Jodhpur, Jaipur, Ajmer, Alwar, Pali and Udaipur city 

of Rajasthan. Water samples were collected from five 

different locations of each district. Samples collected were 

analyzed for important chemical parameters like pH, 

Biochemical oxygen demand (BOD), nitrate, fluoride and 

bacteriological qualities like total and fecal coliforms.  Due 

to deficiency in surface water sources, groundwater is a 

major source of domestic, industrial and irrigation water 

requirements of Rajasthan, hence, it is important to test its 

quality. Calculations of correlation coefficients were 

performed for the various parameters. The measured 

parameters showed spatial variations and most of them did 

not match the Indian Standards for water quality at several 

locations. Pali and Jodhpur district had very high fluoride 

concentration in every location. Only Jaipur district have 

BOD less than 1 mg/l for all of the locations. There were 

many locations in each of the district which had 

concentrations larger even than 3.5 mg/l except Alwar. 

Jodhpur and Udaipur showed maximum concentration of 

nitrate 19.6 mg/l and 11.2 mg/l respectively. All locations of 

every district had fecal coliform value more than one. There 

was huge variation in the value of Total coliform number 

from one district to other and even in locations. Statistical 

analysis showed that there was no definite correlation 

between any parameter. 

Keywords: pH, biochemical oxygen demand, chemical 

oxygen demand, total coliform, fecal coliform 

Introduction 

Rajasthan is the largest state in India covering about 10.4% of 

the total land cover. Owing to its large area, it has a huge 

population. In spite of its huge area it receives only 1/100 of 

the total rains. Hence, due to the arid and semi-arid climate of 

this state it has a dearth of surface water (Hussai et al. 2004). 

Majority of its population is dependent on the groundwater 

sources which are also scarce as compared to other states. It is 

estimated that approximately one third of the world’s 

population use groundwater for drinking (Nickson et al. 

2005). Rajasthan is the biggest state of India with a relatively 

low population density, about 61% of the land area is covered 

by the Thar Desert. Rajasthan have very low annual rainfall as 

compare to other states shown in Table 1. Hence, groundwater 

is the major source of water for drinking and irrigation 

purposes. Due to its scarcity, the groundwater table goes down 

and the water reacts with the rocks like fluorspar, apatite, 

micas etc. under favorable conditions (Srinivasamoorthy et al. 

2008). 

Table 1Annual average rainfall of Rajasthan cities 

Year 
Ajmer 

Alw

ar 

Jaip

ur 

Jodhp

ur 
Pali 

Udaip

ur 

Annual average rainfall (mm) 

2004 466.7 
428.

6 
544.3 221.7 

360.

0 
608.5 

2010 661.7 
820.

5 
795.9 441.1 

579.

8 
873.7 

2014 527.3 
387.

6 
473.6 275.5 

505.

4 
714.0 

 

Nearly 12 million of the 85 million tons of fluoride deposits 

on the earth’s crust are found in India. Hence, fluorosis is of 

major concern in about 17 states in India. Rajasthan in one of 

the most seriously affected states. The higher concentration of 

fluorides in the Indian continent is in the groundwater which 

enters into the bodies of the humans through drinking. The 

fluoride concentration in groundwater is associated with the 

metamorphic and igneous rocks such as genesis and granite. 

There are natural and man mad sources of fluorides in the 

groundwater (Jiang et al. 2009). Some of them include the 

phosphate fertilizer factories, the production of hydrogen 

fluoride and chlorofluorocarbons used in the refrigeration 

industry, manufacture of bricks, steel and tiles According to 

the UNICEF (1999), about 65% of the Indian villages are 

exposed to the risk of fluorides. Fluoride has both harmful and 

beneficial effects. The fluoride intake should be within 0.5-1.0 

mg/l for the maintenance of human teeth and bones. Whereas, 

excessive consumption of fluorides leads to dental and 

skeletal fluorosis. Due to its high electronegativity, it reacts 

with the calcium ion present in the bones of the human body 

and cause health problems like dental fluorosis, deformation 

of bones, skeletal fluorosis ,teeth mottling etc (Susheela et 

al.1993 ). The permissible limits of fluorides are 1.5 mg/l in 

drinking water. The pose major problems in the areas with hot 

climate because the population there tends to drink more 

groundwater. Fluoride accumulates in the bones, teeth and 

other calcified tissues of the body and harms them. In the 

groundwater, the concentration of fluorides depends on the 

physical and geological properties of the rocks (Agrawal et 

al.1997). Studies show that low calcium and high bicarbonate 

alkalinity favor high fluoride content in the groundwater. The 

maximum concentration of 20 mg/l has been reported in the 

groundwater of Rajasthan (Handa 1975). As a major part of 

the population is dependent on groundwater, this much high 

concentration is a serious threat. Table 2 shows the range of 

maximum allowable fluoride concentrations in drinking water 

as per USPHS.  
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Table 2Range of maximum allowable fluoride concentrations 

as per USPHS 

Annual 

average 

of 

maximu

m 

daily air 

temperat

ure (◦C) 

Recommended fluoride 

concentration (mg/l) 

Maximu

m 

allowable 

fluoride 

concentr

ation 

(mg/l) 

 Lower 
Opti

mum 
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 1.3 2 

17.8–21.4 0.7 0.9 1.2 1.8 

21.5–26.2 0.7 0.8 1 1.6 

26.3–32.5 0.6 0.7 0.8 1.4 

10–12 0.9 1.2 1.7 2.4 

 

Nitrates are compounds of nitrogen which are usually stable 

and occur in low concentrations in the groundwater. Growing 

population has led to urbanization which in turn has led to 

improved methods of agriculture in the state. Modernization 

of agriculture leads to excessive use of nitrogen containing 

fertilizers. These fertilizers leach into the groundwater and 

contaminate it (Karnath 1987). Nitrates reach the groundwater 

by leaching from soils or by the oxidation of nitrogenous 

compounds present in rocks (Holloway and Dahlgren 2002; 

Edmunds and Smedley 1996). They may also come from the 

fixation by leguminous plants and microorganisms. Apart 

from the natural sources there are several human sources like 

intensive agriculture, domestic and industrial waste disposal 

(Subramani et al. 2005). Major sources in the urban areas are 

solid waste disposal, wastewater disposal and industrial 

wastes (Komor and Anderson 1993). It has been found that 

human excreta accounts for about 5 kg of nitrogen in the 

environment per year per capita. But because of their stability, 

they remain in water for many years and get accumulated. 

Their concentration increases further as more and more 

nitrates are applied to the land surface every year. They are 

very soluble in water and are leached from soils dominated by 

negative charges or soils with moderate to high pH. High 

levels of nitrates have been found in the groundwater of the 

places studied mainly due to the fact that less rains cause less 

dilution of the water. This leads to adverse health effect 

especially on the infants causing a dreadful disease known as 

methaemoglobinaemia, commonly called blue baby 

syndrome, by blocking the oxygen-carrying capacity of 

hemoglobin, when approximately 70% of the total 

hemoglobin have been converted to methaemoglobin (Gatseva 

and Argirova 2008). According to the drinking water 

standards of India, the permissible limit for nitrates in 45 

mg/l. Table 3 show the Indian standards for drinking water 

given in Bureau of Indian standards in drinking water. . 

Another matter of concern is bacterial contamination of the 

ground water. Coliforms are bacteria which are present in soil, 

plants, and digestive tracts of animals and in human wastes. 

They can be grouped as Total coliform and fecal coliforms. 

They are classified according to their origin. Total coliforms 

include all the bacteria which are present plants, animals and 

soil. Fecal coliforms are a specific group of bacteria which are 

present in human feces. Coliforms are generally harmless but 

their presence at any concentrations is an indication that other 

harmful microorganisms like viruses may be present.  This 

makes them to be called as indicator organisms. The most 

common species is Escherichia coli (E.Coli) which are 

considered to be as the indicators for water supply 

contamination. Infiltration of waste water, domestic wastes 

and agricultural runoffs contaminates the groundwater. Fecal 

coliforms are the bacterial indicators of fecal pollution. They 

are found in waters contaminated with excreta of humans 

(Kiptum and Ndambuki 2012). They are indicative of general 

hygienic quality of water and the future risks of diseases 

(Papini et al. 2004; Ryu et al. 2005; McQuaig et al. 2006). 

Although water contaminated by fecal coliforms is harmless, 

but since, it is an indicator of other disease causing 

microorganisms, it can cause diarrhea, nausea and other 

stomach related illnesses. If the water is contaminated by 

parasites like Giardia, it may also cause beaver fever. 

Table 3Indian Standards for water quality parameters 

S.No Substance 
Acceptable 

Limit 

Permissible 

limit 

1. pH value 6.5-8.5 
No 

Relaxation 

2. Fluoride (as F) mg/l 1.0 1.5 

3. Nitrate (as NO3) mg/l 45 
No 

relaxation 

4. 
Total coliform bacteria 

in any 100 ml sample 
10 0 

5. 

Fecal  coliform 

bacteria in any 100 ml 

sample 

0 0 

 

 

Figure 1Map of India showing Rajasthan state 
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Figure 2Districts of Rajasthan 

Methods and Material 

Study Area 

Rajasthan is the largest state of India shown in Fig.1 having 

60 % of Thar Desert and total area of 342,240 km
2
. Its area is 

nearly equivalent to countries like Norway, Poland and Italy. 

It is situated between 23°30' N and 30°11' N latitude and 

69°29' E and 78°17' E longitude. Four districts of this state 

touch the international border with Pakistan to an extent of 

1,070 km. Punjab and Haryana states are located in the north, 

Uttar Pradesh in the east, Madhya Pradesh in the southeast 

and Gujarat in the southwest. 

The study was undertaken in 6 major districts of Rajasthan i.e. 

Jaipur, Udaipur, Jodhpur, Ajmer, Alwar and Pali as shown in 

Fig. 2. The details of their latitude, longitude, area and 

population are mentioned in Table 4. Most of the villages 

situated in these districts rely on the groundwater sources for 

drinking purposes. 

Table 4Brief description about cities 

 

Table 5.A Locations of study area  

 

Table 5.BLocations of study area  

 

 

Sampling  

Collection of samples was done from five different locations 

of each district. The details of location is mention in Table 5 

for each district with station code. All of the samples were 

taken from the hand pumps or from wells. Details of the 

locations with their station code are given in the table. Ten 

samples were taken from each of the location for analyzing 

the different parameters of water quality. Standard methods 

adopted for analyzing water quality were taken from 

American Public Health Association Handbook (APHA). 

Chemical parameters like pH, Biochemical Oxygen Demand 

(BOD), Fluoride, Nitrate and biological parameters like Total 

coliform number and fecal coliform number were analyzed. 

Standard techniques were followed for collection and 

bacteriological analysis of water samples (APHA, 1985).  All 

the experiments were carried out in triplicate for getting more 

accurate results. 

Methodology 
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All the chemicals used were of analytical grade. pH was 

measured by the Orion digital pH meter(3 Star, Singapore). 

Fluoride and Nitrate was determined spectrophotometrically 

using ELICO SL-150 ultraviolet spectrophotometer. The 

BOD5 of leachate were determined by the modified Winkler’s 

method. The most probable number (MPN) method was 

employed for analyzing total and fecal coliforms. All the 

procedures for experiments were taken from standard methods 

for the examination of water and wastewater (APHA, 1998). 

 

 

 

 

 

 

Figure 3pH, BOD, Nitrate, Fluoride, Total Coliform and 

Fecal Coliform variation with locations of Ajmer 
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Figure 4 pH, BOD, Nitrate, Fluoride, Total Coliform and 

Fecal Coliform variation with locations of Alwar 
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Figure 5pH, BOD, Nitrate, Fluoride, Total Coliform and 

Fecal Coliform variation with locations of Jaipur 
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Figure 6pH, BOD, Nitrate, Fluoride, Total Coliform and 

Fecal Coliform variation with locations of Jodhpur 
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Figure 7pH, BOD, Nitrate, Fluoride, Total Coliform and 

Fecal Coliform variation with locations of Pali 

 

 

 

 

 

 

Figure 8pH, BOD, Nitrate, Fluoride, Total Coliform and 

Fecal Coliform variation with locations of Udaipur 

Results and Discussions 

pH 

pH was observed within the range of Indian standards for 

drinking water. All of the locations of each district had pH 

around 7-8.5. So it was slightly in alkaline range. The highest 

pH was observed 8.4 in hand pump near Nevtatiraha, Nevta 

dam, Sanganer, Jaipur as shown in Fig. 5.  

Fluoride  

Large variation in the fluoride concentration was observed 

among all the districts. But most of the locations had fluoride 

concentration within permissible limits given in Indian 

standards for drinking water of 1.5 mg/l. Fig 6 and 8 showed 

that Pali and Jodhpur district had very high fluoride 

concentration in every location. Maximum fluoride 
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concentration was observed 3.12 mg/l in Dharunagar, near 

main Mandia road, opposite to mandia village, Pali. Mean 

concentration of fluoride in every location of Jodhpur district 

was more than permissible limit and the highest concentration 

was seen at village Sangaria of 2.12 mg/l. Alwar, Ajmer, 

Jaipur and Udaipur water samples had low concentrations in 

most of the locations, less than 1 mg/l as shown in fig 3,4,5 

and 8.  

Nitrate 

Sewage disposal systems, livestock facilities, fertilized 

cropland are some of the sources for the nitrate in 

groundwater. So the improper location of water wells and 

hand pumps can also be the reason for the nitrate 

contamination. The Environmental Protection Agency (EPA) 

has adopted the 10 mg/l standard as the maximum 

concentration level (MCL) and an Indian standard is 45 mg/l 

for nitrate-nitrogen in drinking water. Nitrate concentrations 

were less than 3 mg/l at most of the locations in each district 

as shown in all figures. Water samples at village vinayakia, 

Jodhpur shown maximum concentration of 19.6 mg/l and after 

that maximum concentration of nitrate was observed 11.2 

mg/l at near ranapratapnagar, railway station in Udaipur as 

shown in fig. 6 and 8. Rest of the locations was very safe from 

the nitrate problem as their water samples had very low 

concentration. 

Biochemical Oxygen Demand (BOD) 

BOD should be zero in the drinking water irrespective of the 

fact that whether it is groundwater or surface water. It was 

observed that all of the locations had some value of BOD. Fig. 

5 showed that only Jaipur district have BOD less than 1 mg/l 

for all of the locations. There were many locations in each of 

the district which had concentrations larger even than 3.5 mg/l 

except Alwar. Maximum concentration was seen 14.976 mg/l 

of village Vinayakia, Jodhpur.Udaipur city had a high 

concentration of BOD greater than 3.5 mg/l at three of the 

locations (new Fatehpura, 200 feet, from Panchwatinallah, 

Udaipur, near Kacchibasti, Sardarpura, Udaipur and near uit 

bridge, Udaipur shown in fig 8). Mean highest concentrations 

of 5.26 mg/l and 6.45 mg/l were observed near Khanpuratalab 

in district Ajmer and near Kacchibasti, Sardarpura in district 

Udaipur respectively as shown in Fig. 3 and 8. Pali had 

concentration more than 2 mg/l for three of the locations as 

shown in fig 7.  

Fecal Coliforms 

Number of coliforms present in 100 ml sample was the unit 

taken for determining coliforms. There should be zero fecal 

coliform in 100 ml according to the WHO. All locations of 

every district had fecal coliform value more than one. Lack of 

proper sanitation and wastewater discharge may be 

contaminating the ground water and affecting its 

bacteriological quality.The reasons for the high number of 

fecal coliforms were due to the discharge of human and 

animal faces into the water bodies. It may be because of 

sanitation problem in rural area. Each of the districts had 

average value of fecal coliform around 3-4 in 100 ml except 

Pali.  Fig 7 showed that in Pali district, the mean values about 

6 in 100 ml and the maximum was observed 11 in 100 ml at 

village punayata, Pali. Maximum concentration of fecal 

coliform was observed 7 at Ajmer, Udaipur and Jodhpur 

districts. (outsidejln hospital, Ajmer, near ranapratapnagar, 

railway station, Udaipur, village vinayakia, Jodhpur shown in 

fig 3, 6 and 8). 

Total Coliforms 

The bacteriological analysis of water also needed to determine 

the quality of water. The desirable limit given in Indian 

standards is 10 MPN in 100 ml. There was no location in any 

district that had zero MPN in 100 ml. There was huge 

variation in the value of Total coliform number from one 

district to other and even in locations. The severe problem was 

observed at every location in the Pali district. Fig 7 showed 

that Pali does not have any location having MPN less than 10 

and highest mean Total coliform was observed 1205 MPN in 

100 ml at near bandiriver bridge, pali bye pass road, Pali. All 

the water samples in Jaipur had less than 10 MPN except 

location at hand pump of vidhani village goner road. Highest 

mean concentration in Ajmer was observed of 80 MPN at 

location of outside jln hospital and all water samples had 

MPN above the desirable limit except one location at near 

gandhibhwan. Highest mean concentration in Udaipur (fig 8) 

was observed 234 MPN in 100 ml at location near 

ranapratapnagar, railway station, Udaipur. High number of 

bacteria may be because of inadequate maintenance of hand 

pumps and wells. 

Statistical Analysis 

Data obtained for various parameters of different districts 

were statistically analyzed by doing correlation study. It was 

seen (Table 6) that there is no definite correlation between any 

parameter. But it was observed that there is some correlation 

between BOD and nitrate.  

Table 6Correlation matrix for different water quality 

parameters 

 

PARAM

ETER 

p

H 

B.

O.

D 

NIT

RA

TE 

FECA

L 

COLI

FOR

M 

TOT

AL 

COLI

FOR

M 

FLU

ORI

DE 

pH 1 

0.

00

23 

0.02

74 
0.001 

0.029

7 

0.243

4 

B.O.D. 
 

1 
0.22

04 
0.047 

0.007

2 

0.005

3 

NITRAT

E   
1 0.0016 

0.000

6 
0.027 

FECAL 

COLIFORM   
1 

0.085

6 

0.048

8 

TOTAL 

COLIFORM    
1 

0.044

6 

 

Conclusions 

Water samples of most of the locations were found not 

suitable for drinking purpose. Chemical and bacteriological 
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water quality limits was exceeding the bureau of Indian 

standards. pH was slightly in alkaline range for all locations. 

Alwar, Ajmer, Jaipur and Udaipur water samples had low 

concentrations of fluoride, less than 1 mg/l. Mean 

concentration of fluoride in every location of Jodhpur district 

was more than permissible limit. Government had initiated the 

scheme of installing the handpump attachable defluoridation 

plants, based on the famous Nalgonda technique. BOD should 

be zero in the drinking water and only Jaipur district have 

BOD less than 1 mg/l for all of the locations. Pali had 

concentration more than 2 mg/l for three of the locations. The 

Environmental Protection Agency (EPA) has adopted the 10 

mg/l standard as the maximum concentration level (MCL) and 

an Indian standard is 45 mg/l for nitrate-nitrogen in drinking 

water. Nitrate concentrations were less than 3 mg/l at most of 

the locations in each district except some places in jodhpur 

and udaipur. Each of the districts had average value of fecal 

coliform around 3-4 in 100 ml except Pali.There was no 

location in any district that had concentration of total 

coliforms of zero MPN in 100 ml water sample. Total 

coliform was observed 1205 MPN in 100 ml at near 

bandiriver bridge, pali bye pass road, Pali.   
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