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Introduction 
 

Water is a source of life and regarded as the 

most essential of natural resources. Water 

covers approximately 98% is seawater and is 

unusable for drinking because of the high 

concentration of salt. About 2% of the 

planet,s water is fresh, but 1.6% is locked up 

in polar ice caps and glaciers. Another 

0.36% is found under ground in aquifers and 

wells (Adak and Purohit, 2001). 

 

Rajasthan is India’s largest state with an 

area of 3.42 lakh sq.kms, which is 10.41% 

of the country’s area; and estimated 

population of 54 million spread over its 

41,583 villages, which is 5.5% of nation’s  

 

 

 

 

 
 
 

population but has just 1% of the total water 

sources of the country. In most of the parts 

of the state, groundwater is either saline or 

has excess fluoride. Groundwater is the 

major source of drinking water and over 

91% of the drinking water demand is met by 

groundwater. So, due to scarcity of the 

surface water in Rajasthan, 70% of its 

population is dependent on groundwater 

resources for drinking, irrigation and other 

purposes (Bruvold, 1967; Almeida, et al., 

2008; Berkowitz, et al., 2008). 
 

Materials and Methods 
 

Ground water samples were collected from 

different sites from the flanking localities of 
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Ram Garh Moadin Jaipur city. Samples 

were collected in sterilized screw-capped 

polyethylene bottles of one litre capacity, 

labeled properly and analyzed in laboratory 

for their all physic-chemical parameters. 

Monitoring was done through the two years 

in all three session from June,2013 to May, 

2015. The instruments were used in the limit 

of precise accuracy, chemicals used were of 

Analytical grade and double distilled water 

was used for preparing solutions for 

analysis. Collected water samples were 

determined as per standard methods, APHA 

(1995) (Dalton, M.G., and Upchurch, 1978; 

Dar and Sankar, 2011). The suitability of the 

ground water for drinking purpose was 

evaluated by using WQI and other 

parameters. Various physical parameters 

like pH, EC, DO and TDS,  were determined 

on the site with the help of digital portable 

water analyzer kit (CENTURY–CK–710) or 

by pH – meter (Mettler Toledo). For rest of 

the analysis, water samples were preserved 

and bought to the laboratory. The chemical 

analysis carried out for BOD by incubation 

method, COD by KMnO4 method, Calcium 

(Ca
2+

), Magnesium (Mg
2+

), Chloride (Cl
–
), 

Sulphate (SO4
2–

), Carbonate (CO3
2–

) and 

Bicarbonate (HCO3
–
) by volumetric titration 

methods; while Fluoride (F
–
) by 

spectrophotometric (AIMIL–C160–80314) 

& ion selective electrode method and Nitrate 

(NO3
–
) by spectrophotometric (ELICO–CL–

54D) method; Sodium (Na
+
), Potassium 

(K
+
) by flamephotometry (ELICO–CL–220) 

and heavy metals by AAS. 
 

Evaluation of Water Quality for Drinking 

Purpose 
 

To determine the suitability of water for 

drinking purpose, an indexing system, Water 

Quality Index (WQI), based on Adak and 

Purohit (2001) was determined. Water 

Quality Index can be calculated from the 

following formula 
1 

 

WQI =  Antilog (Wn log Qn) 

where: 

 
W (Weight of the Pollutants in the Sample) 

= K/Sn 

 
K (constant) = 1/(1/S1 + 1/S2 + 1/S3 + …….. 

+ 1/Sn) 

 
Sn = Standard Values for Different Water 

Quality Parameters 

 
Qn (Water Quality Rating) = 100 (Vn – V1) / 

(Sn – V1) 

 
Vn = Observed Values 

 

V1 (Ideal Values) = 7.0 for pH and 0 for all 

other parameters 

 

Results and Discussion 

 

Water samples of Ram GarhMoad (SA) 

were collected and analyzed as per standard 

methods and the water quality index (WQI) 

was determined. With the help of WQI, we 

assessed the seasonal results of Ram 

GarhMoad. Sampling was done during three 

seasons (during  monsoon, post–monsoon 

and pre–monsoon) throughout the two–years 

from various areas vicinal to Amanishanalla 

during (June, 2013 to May, 2015). Results of 

three season’s physico-chemical analysis are 

shown in Table IA and Table IB. Heavy 

metal analysis are shown in Table 2A . 

Suitability of ground water for domestic and 

irrigation purposes are classified on the basis 

of Piper diagram (Figure 1) and USSL 

diagram (Figure 2). 

 

Electrical Conductivity (EC): The 

physico–chemical data reveals that the EC 

values varied from 1800 to 2836 

seimens/cm and these values were much 

higher than the prescribed standard limit 

(1400 seimens/cm) recommended by 

WHO for all the samples analyzed during 
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2013 – 2015.The minimum and maximum 

values of EC were observed in sample SA 6 

and SA 5 respectively.  

 

pH: pH values ranged  7.84 to  8.22 during 

two years samplings with an average value 

of 7.99. pH values showed that water 

samples were slightly alkaline in nature and 

these values were within the limit as 

prescribed by WHO for all samples. The 

minimum and maximum value of pH was 

monitored in sample SA2 and SA5 

respectively.  

 

Calcium (Ca
2+

): Calcium values were 

varied from 127.0 to 211.00 mg/L and these 

values were within the permissible limit 

prescribed by ICMR & BIS except SA3. The 

average value of calcium was 167.00 mg/L. 

In sample SA6 minimum value of calcium 

was observed and in sample SA3, maximum 

value was surveyed.  

 
Magnesium (Mg

2+
): The data table reveals 

that the magnesium values varied from 

82.82 to 122.95 mg/L.  All groundwater 

samples were within the standard limit 

recommended by WHO. The minimum and 

maximum value of magnesium was 

observed in sample SA2 and SA4 

respectively. 98.02 mg/L was the average 

value of magnesium.  

 
Sodium (Na

+
): Sodium values ranged from 

128 to 233 mg/L with an average value of 

191.00 mg/L for all of the studied samples. 

SA1, SA2 AND SA4 were higher values 

than the prescribed US standards. The 

minimum value of sodium was examined in 

sample SA6 and the maximum value of 

sodium was examined in sample SA4. 

 
Potassium (K

+
):  Potassium values ranged 

from 6.2 to 26 mg/L and the average value 

of potassium was 15.16 mg/L. The 

minimum value of potassium was examined 

in sample SA6 and the maximum value of 

Potassium was scrutinized in sample SA1.  

 

Carbonate (CO3
2–

) and Bicarbonate 

(HCO3
–
):  Carbonate concentration in the 

study area ranged from nil to 14 mg/L and 

the average value of carbonate was 4 mg/L. 

Bicarbonate values were varied from 172.0 

to 508.0 mg/L and all bicarbonate values 

were within permissible limit prescribed by 

USPH except SA4. The average value of 

bicarbonate was 272.00 mg/L. In sample 

SA2 minimum value of bicarbonate was 

observed and in sample SA4 maximum 

value was surveyed.  

 

Chloride (Cl
–
): Chloride values ranged 

from 307.88 to 637.25 mg/L with an average 

value of 481.10 mg/L. All samples were 

exceeding values than the prescribed WHO 

and US standards. The minimum value of 

chloride was examined in sample SA6 and 

the maximum value of chloride was 

scrutinized in SA1. 

 

Sulphate (SO4
2–

):Sulphate values ranged 

106 to 208 mg/L during two years 

samplings. All these values were within the 

limit as prescribed by WHO for all studied 

samples. The average value of sulphate was 

139.00 mg/L. Sulphate was monitored in 

sample SA2 as minimum value and sulphate 

was monitored in sample SA4 as maximum 

value. 

 

Nitrate (NO3
–
): Nitrate values ranged from 

182 to 250 mg/L with an average value of 

209 mg/L for all of the studied samples of 

both years. All samples were above as 

prescribed by WHO, US Standard, BIS and 

ICMR. The minimum value of nitrate was 

examined in sample SA2 and the maximum 

value of nitrate was scrutinized in SA6. 
 

Fluoride (F
–
): Fluoride values in both years 

varied from 1.0 to 1.3 mg/L with an average 

value of 0.83 mg/L.  Most of the 
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groundwater samples were below the 

standard limit recommended by ICMR.The 

minimum value of fluoride was observed in 

samples SA1 and the maximum value of 

fluoride was found in sample SA6. 

 

Total Hardness (TH): TH values varied 

from 635.00 to 940.00 mg/L. The minimum 

value of TH was found in sample SA6 and 

the maximum value of TH was detected in 

sample SA3. The average value of TH was 

788.00 mg/L. All samples were above the 

value recommended by WHO standards in 

both years.  

 

Total Dissolved Solids (TDS): TDS values 

were varied from 1070.00 to 1611.00 mg/L 

and these all values were above the 

permissible limit prescribed by ICMR & 

WHO. The average value of TDS was 

1442.00 mg/L. In sample SA6 minimum 

value of TDS was observed and in sample 

SA1 maximum value was surveyed.  

 

Dissolved Oxygen (DO): DO values varied 

from 4.93 to 7.3 mg/L with an average value 

of 6.27 mg/L. There were not any large 

variations of DO values found and 33% 

samples were within the limit recommended 

by USPH standards.The minimum and 

maximum value of DO was observed in 

sample SA6 and SA4.  

 

Biochemical Oxygen Demand (BOD): 
BOD values ranged 1.09 to 10.9 mg/L and 

all these values were within the limit as 

prescribed by USPH for all studied samples 

except SA3 and SA5. The average value of 

BOD was 5.02 mg/L. BOD was monitored 

in sample SA6 as minimum and in sample 

SA5 as maximum value.  
 

Chemical Oxygen Demand (COD): COD 

values were varied from 2.5 to 24 mg/L and 

all these values were not within permissible 

limit prescribed by USPH standards except 

SA6. The average value of COD was 9.55 

mg/L. In sample SA6 minimum value of 

COD was observed and in sample SA5 

maximum value was surveyed.  

 

Percent Sodium (%Na): All values of %Na 

were under recommended CPCB standards 

in both years. %Na values varied from 30.22 

to 38.88. The minimum value of %Na was 

found in sample GB6 and the maximum 

value of %Na was detected in sample SA4.  

 

Sodium Absorption Ratio (SAR): SAR 

values ranged from 2.12 to 3.41 meq/L with 

an average value of SAR was 2.86 meq/L all 

of the studied samples of two years analysis. 

All samples were lesser values than the 

prescribed CPCB standards and the 

minimum and maximum values of SAR 

were scrutinized in samples SA6 & SA4. 

Data is plotted on the US salinity diagram 

(Figure 2), in which EC is taken as salinity 

hazard and SAR is taken as alkalinity 

hazard. Most of the ground water samples 

fall in the C4S1 category with very high 

salinity hazard and low sodium hazard, 

which is not suitable for irrigation under 

ordinary conditions but may be used 

occasionally under special circumferences. 

One sample SA6 fall in C3S1 quality with 

high salinity hazard and low sodium hazard, 

which can be used for irrigation on almost 

all type of soil with little danger of 

exchangeable sodium.   

 

Residual Sodium Carbonate (RSC): All 

RSC values were found negative and these 

values are suitable 
23

 for irrigation purpose. 
 

Water Quality Index (WQI): The critical 

study from the WQI Table reveals that WQI 

values of two years were varied from 40.57 

to 89.07 with an average value 58.54, which 

means that all water of samples were of very 

good to good quality except SA5. It may be 

concluded with the help of WQI that the 

water of the various samples were fit for 

drinking purpose except one case. 
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Heavy Metals:  from the Table 2A , it is 

reveal that heavy metals like Co, Cd, Pb and 

Mn values non-detectable (ND). Cu, Fe and 

Zn values were found within the permissible 

limit prescribed by BIS. 

 

Piper Trilinear Diagram: Major cations 

and anions such as Ca
2+

, Mg
2+

, Na
+
, K

+
, 

CO3
2
‾, HCO3‾, SO4

2
‾ and Cl‾ in meq/L were 

plotted in Piper’s trilinear diagram 
77

 to 

evaluate the hydrochemistry of groundwater 

with the help of GWW- software (Figure 1). 

On the basis of Walton’s classification 
146

, 

all  the water samples showed an excess of 

alkaline earth (Ca
2+

+Mg
2+

) over alkalies 

(Na
+
+ K

+
) and all  the groundwater samples 

showed an excess of strong acids (SO4
2
‾ + 

Cl‾) over  weak acids (CO3
2
‾, HCO3‾). The 

plot shows that most of the groundwater 

samples fall in the field of mixed type water 

(No cation – anion exceed 50%). 

 
 

 

Table.1a Physico- Chemical Parameters of Groundwater of Ram  

GarhMoad during 2013 to 2015 
 

CODE Season EC Ph Ca
2+

 Mg
2+

 Na
+
 K

+
 CO3

2–
 HCO3

–
 Cl

–
 SO4

2–
 NO3

–
 F

–
 

S A1 MONSOON 13 2777 7.85 203.39 97.42 210 26 2 209.4 637.25 120 210 0.7 

SA2 POSTMONSOON 13-14 2452 7.84 171.33 82.82 214 14 2 172.8 572.27 106 190 0.71 

SA3 PREMONSOON 14 2710 7.92 211.41 105.93 192 20 14 227.7 604.76 129 208 0.74 

SA4 MONSOON 14 2738 7.94 145.47 122.95 233 18 2 508.3 322.17 208 214 0.71 

SA5 POSTMONSO0ON 14-15 2836 8.22 145.28 96.2 170 6.8 2 282.6 442.32 160 250 0.85 

SA6 PREMONSOON 15 1800 8.20 127.25 82.82 128 6.2 2 233.8 307.88 116 182 1.3 

 

 

Table.1b Physico- Chemical Parameters of Groundwater of Ram  

GarhMoad during 2013 to 2015 
 

CODE Season DO BOD COD TH TDS %Na SAR RSC WQI 

SA1 MONSOON 13 6.92 1.7 4.85 885.68 1566 35.15 2.99 -14.1 40.57 

SA2 POSTMONSOON 13-14 6.71 3.6 8 745.55 1394 38.88 3.33 -11.89 49.28 

SA3 PREMONSOON 14 5.26 9.54 8 940.73 1554 31.49 2.65 -14.50 58.43 

SA4 MONSOON 14 7.3 3.3 10 846.11 1475 38.096 3.41 -8.40 51.95 

SA5 POSTMONSOON 14-15 6.5 10.9 24 735.56 1369 33.352 2.64 -9.9 89.075 

SA6 PREMONSOON 15 4.93 1.09 2.5 635.48 1025 30.22 2.12 -8.69 61.92 
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Table.2a Heavy Metals Concentration of Groundwater of  RamGarhMoad 
 

 

Fig.1 Groundwater quality of sample SA on the basis of Piper Diagram 

 

 
 

Sample Code Season Co Cd Cu Fe Mn Pb Zn 

SA 1 MONSOON 13 ND ND 0.02 0.03 ND ND 0.06 

SA 2 
POST MON 13-

14 
ND ND 0.08 0.06 ND ND 1.1 

SA 3 PRE MON 14 ND ND 0.04 0.02 ND ND 0.02 

SA 4 MONSOON 14 ND ND 0.01 0.01 ND ND 0.06 

SA 5 
POST MON 14-

15 
ND ND 0.01 0.04 ND ND 0.08 

SA 6 PRE MON 15 ND ND 0.02 0.02 ND ND 0.8 
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Fig.2 Groundwater quality of sample SA on the basis of USSL Diagram 

 
In conclusion, almost all results reveal that 

most of the water samples were alkaline in 

nature. The values obtained were compared 

with standards of BIS, ICMR, USPH and 

WHO. From the observations, it may 

inferred that the concentration of pH, Na
+
, 

K
+
, Mg

2+
, SO4

2–
, CO3

2–
, HCO3

2–
, Cl

–
, DO, 

BOD and COD were within permissible 

limits but NO3
–
, EC, TDS, TH and WQI 

values showed the poor water quality in 

most of the studied groundwater samples . 

 

It may be accomplished with the help of 

WQI that the water of the various samples 

were unfit for drinking purpose without 

further treatment (mainly disinfections). 

It may be concluded that the from the Piper 

trilinear diagram that the ground water from 

sampling stations are mixed type water type 

and Ca-Mg-HCO3 type. The values of SAR 

and EC of the ground water were plotted in 

the US salinity laboratory diagram for 

irrigation water. Most of the samples fall in 

C3S1 quality with high salinity hazard and 

low sodium hazard. In most of the samples, 

RSC values were found below the zero, 

which means waters containing a carbonate 

plus bicarbonate concentration greater than 

the calcium plus magnesium concentration 

and these values fall in under “good” 

category. RSC and %Na values indicate that 

the samples were good for irrigation 
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purpose. Concentrations of all heavy metals 

like Cr, Cd, Mn, Pb and As were not 

detected in the studied area. Higher 

concentrations of Zn in very few samples 

have been observed. 
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