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Abstract 
Assessment of water quality of drinking water supplies has always been paramount in the field of environmental quality management. 

Groundwater quality of Dwarka has a special significance and needs greater attention of all concerned since it is the only major 

source for domestic, consumption. In this work we have estimated the ground water quality of Dwarka. Groundwater quality of Delhi 

needs greater attention because there is a continuous decline in water level and quality due to rapid urbanization and 

industrialization. The present study was attempted to access the groundwater quality of Dwarka district in Delhi. The samples of the 

ground water are collected manually from the bore wells which were approximately equally distributed all over 29 sectors and nearby 

areas. The samples were analyzed using standard procedures in the laboratory. The water quality index is a single number that 

expresses the quality of water by integrating the water quality variables. Its purpose is to provide a simple and concise method for 

expressing the water quality for different usage. Water Quality Index, has been calculated for the Dwarka sub-city and was studied for 

the suitability of water for drinking purposes and the results showed that the ground water quality was unfit for drinking in almost all 

of the areas scoring a water quality index greater than 110.  
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1. INTRODUCTION 

India, like any other developing country of the world, is facing 

increasing environmental problems. The vast population and 

ever increasing industrial activities in India, makes its water 

resources more vulnerable to water quality deterioration. The 

groundwater resources are at higher risk as its remediation is 

very difficult. The major anthropogenic activities for 

continuous groundwater quality deterioration are urbanization, 

industrialization, and agriculture run off. Also the problem of 

drinking water contamination, water conservation, and water 

quality management has assumed a very important role for 

sustainable development of countries, such as India. Presently, 

water quality assessment is carried out by determining various 

abiotic (physicochemical) and biotic (biological) parameters, 

either individually or in combination. Determination of water 

quality is very important for knowing the suitability of water 

for various purposes. Use of Water Quality Index (WQI) to 

determine the water quality of aqua resources is considered as 

one of the most effective tool for comparing water resources. 

The WQI was developed in the 1970s by the Oregon 

Department of Environmental Quality for the purpose of 

summarizing and evaluating water quality trends and status 

(ODEQ, 2004).  

The objective of the paper is to evaluate and assess the 

groundwater quality of Dwarka district of National capital of 

India.  

 

2. STUDY AREA 

Dwarka is a sub-city and a part of the urban extension 

envisaged in the Master Plan for Delhi 2001, based on the 

implementation of the three mega projects of Rohini, Dwarka 

and Narela. Dwarka is a recent urban extension located at the 

periphery of the current urban center of Delhi. The Dwarka 

sub-city is a part of the ambitious schemes for urban extension 

envisaged in the Master Plan for Delhi 2011 (MPD-2001) 

released by the Delhi Development Authority (DDA) in 1991. 

The MPD 2001 projected an increase in the population of the 

National Capital Territory of Delhi (NCT Delhi) from 9.42 

Million for the year 1991 to 12.8 Million for the year 2001. 
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3. SAMPLING SITES 

Sampling and chemical analysis of underground water of 

Dwarka  Sub-city of Delhi and near by areas was performed . 

For the present studies water samples from twenty six (26) 

different locations were collected in month of June, 2013. This 

month was selected in a view to assess the quality of 

underground water before monsoon. All sampling sites were 

selected in a view to cover entire area of Dwarka sub-city and 

area near Najafgarh Drain.  

 

 
 

 
 

Fig.-1: Study Area 

 

Table -1: Sample Code and Sampling Location 

 

Sample 

Code 
Location 

D  1 Kakrola Gaon 

D  2 Sector-14 

D  3 Sector-13 

D  4 Sector-14 

D  5 Sector-18B (Shree apartments KK) 

D  6 Sector-18B (Shree apartments  BTH) 

D  7 Cremation Ground Near temple 

D  8 Sector-19, Pocket1 Pump House 

D  9 Sector 19, DDA Park 

D 10 Sector-19, Police Station 

D 11 Sector 9, Asia Centre 

D 12 Sector 22, DDA Park 

D 13 Sector 26  

D 14 Near Bharthal Chowk Village 

D 15 MCD School Pochanpur 

D 16 Sector-10, Health Centre 

D 17 Sector-6, Dwarka Central Nursary 

D 18 Sector 5 

D 19 Sector 4 

D 20 Sector 12 

D 21 Sector 17 

Population  of Dwarka – 2,292,000 i.e., 2.292 million 

Total area of Dwarka  -    56.48 sq. Km or 5648 ha. 

Dwarka project is planned with 29 sectors. 

The land use distribution of Dwarka is - 

Gross Residential 48.54% 

Commercial     7.05% 

Government      0.94% 

Public / Semi-Public     6.20% 

Recreational         19.94% 

Transport       14.33% 

Utilities    3.00% 
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D 22 Sector 16, CRPF 

D 23 Najafgarh Drain Borewell 

D 24 Over drain Cons NJFGRH Drain 

D 25 NAJaFGRH Drain 66 KV grid Constctionr 

D 26 Deepak Vihar, Vikas Nagar 

 

4. MATERIALS AND METHODS 

Total twenty six (26) ground water samples from different 

bore wells and pumps were collected in polyethylene bottles 

during June, 2013. Grab sampling has been adopted to collect 

groundwater samples. The samples were transported in a cool 

box to be stored under suitable temperature until analysis. The 

necessary precautions were adopted during sampling (Brown 

et al., 1974). The parameters pH,  electrical conductivity (EC) 

and total dissolved solids (TDS) were analyzed or measured in 

the field at the time of sampling and crosschecked in 

laboratory while  carbonate (CO3
-2

), bicarbonate (HCO3
-
), total 

hardness (TH), ammonia (NH3), nitrate (NO3
-
), nitrite (NO2

-
), 

phosphate (PO4
-2

), silicate (SiO3), fluoride (F
-
), sulfate (SO4

-2
) 

chloride (Cl
-
), calcium (Ca

+2
), magnesium (Mg

+2
), sodium 

(Na
+
), potassium (K

+
), Boron (B) and total dissolved solids 

(TDS) were analyzed in the laboratory adapting standard 

methods (APHA, 2012). 

 

5. RESULT AND DISCUSSION 

The results of chemical analysis of groundwater were 

compared with the drinking water standards IS: 10500: 2012 

to arrive at conclusions. 

 

5.1 pH 

The pH value is the measured of relative acidity and alkalinity. 

The pH of the water mainly depends upon i) temperature and 

nature of water (ii) relative concentration of acids and of bases 

and (iii) degree of dissociation of acids or association of bases. 

The BIS standards reveal that for domestic use the pH values 

of the groundwater should range between 6.5 and 8.5. The 

highest value of 8.4 is measured in sample D17 of Dwarka 

Sector 6, whereas the lowest value of 6.83 is measured in 

sample D1 of Kakrola Gaon. From the results it is clear that 

the pH of water is mainly due to the equilibrium between free 

CO2 and bicarbonate ions. The results of pH for all 

groundwater sources, however, are in agreement with the 

range values of 6.5-8.5 determined by IS, 10500, 2012 

standards.  

 

5.2 Electrical Conductivity (EC) and Total Dissolved 

Solids 

Conductivity is used as an indicator of the abundance of 

dissolved inorganic species or total concentration of ions 

(Banar, et al., 2006). Total dissolved solids and electrical 

conductivity of water has a high degree of correlation (>0.95) 

as both parameters indicate the amount of dissolved solid 

(Hussain  et al., 2001; Tiwari and Ali, 1988). Electrical 

Conductively (EC) values show variety results between 

groundwater sources. The highest value 14580 μmhos/cm is 

obtained at Dwarka Sector 12, whereas the lowest value 322 

μmhos/cm is obtained at the Dwarka Sector 6.  

 

A total dissolved solid is a measure of total concentration of 

all constituents dissolved in water and has bearing on its color, 

odour and taste. Water with high TDS values has laxative 

effects on human system and does not quench thirst. For 

drinking water, Bureau of Indian Standards 10500, 2012 has 

prescribed the highest desirable limit of 500 mg/l but in the 

absence of alternative sources of supply, this limit may be 

extended upto 2000mg/l.  Total dissolved solids of the study 

area found in the range of 209 to 9477 mg/l. The highest 

concentration (9477 mg/l) is measured in D20 of Dwarka 

Sector 12, whereas the lowest concentration (209 mg/l) 

measured at D17 Dwarka Sector 6. From Table  it is clear that 

two sources (D-7,17)   have total dissolved solids value within 

maximum desirable limits (500 mg/l) but 7 sources (D-

6,11,18,22,23,24,25) have the value between maximum 

desirable limit and maximum permissible limits (2000 mg/l). 

Remaining all the sources are out of maximum permissible 

limits hence unsuitable for drinking purposes.  

 

5.3 Total Hardness (TH) 

The principal natural sources of hardness in water are 

sedimentary rocks and seepage and runoff from soils. In 

general, hard waters originate in areas with thick topsoil and 

limestone formations.  Groundwater is generally harder than 

surface water. Total hardness is normally expressed as the 

total concentration of Ca
2+

 and Mg
2+ 

in mg/l, equivalent 

CaCO3. Calcium (Ca
2+

) and magnesium (Mg
2+

) are the 

important parameters for total hardness. The total hardness of 

the study area is found in the range of 144 to 3808 mg/l. The 

highest value of 3808 mg/l is observed in ground water source 

D-8 of Dwarka Sector 8 while the minimum value of 144 mg/l 

is in sample D19 of Dwarka Sector 4. Total hardness of two 

sources (D-5 and D-19) is found within maximum desirable 

limit (300 mg/l) but nine sources (D-3, 10, 11, 12, 17, 18, 20, 

23,25) are between maximum desirable limit and maximum 

permissible limit (600 mg/l). 

 

Sawyer classified the water on the basis of hardness as shown 

in table 2. According to this classification no source is soft and 

moderately hard. Source D-5 is hard and remaining twenty 

four (24) sources are very hard hence not suitable for domestic 

purpose. 
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Table -2: Classification of ground water for domestic purpose 

(Sawyer) 

 

S. 

No. 
Class 

Hardness as 

CaCO3 ( in 

mg/l) 

No. of 

samples 

Detail of 

sources 

1 

2 

3 

4 

Soft 

Moderately 

Hard 

Hard 

Very Hard 

Below 75 

75-150 

150-300 

Above 300 

- 

1 

1 

24 

 

D19 

D-5 

All other 

sample 

 

5.4 Calcium and Magnesium 

Multivalent cations, particularly magnesium and calcium are 

often present at a significant concentration in natural waters. 

These ions are easily precipitated and in particular react with 

soap to make it difficult to remove scum. Calcium is an 

essential element required for good health and its daily 

requirement varies from 0.7-2.0 gm. Insufficient amount of 

calcium may induce adverse physiological effects. On the 

contrary excess amount of calcium in body results in 

formation of urinary bladder stone and irritation in urinary 

passage. Bureau of Indian Standards IS:10500, 2012 have 

recommended the highest desirable limit of 75 mg/l and 

maximum permissible limit of 200 mg/l. The Calcium 

concentration in groundwater of the study area ranged from 

14.69 (D-14) to 292.9 (D-20) mg/l. Eight ground water source  

(D-2, 3,10,12,16, 18,19,21) have the calcium concentration 

above the BIS limit.  

 

It is an essential to plant and animal nutrition. In some aspects 

of water chemistry, calcium and magnesium may be 

considered as having similar effects, as in their contributions 

to the property of hardness. Magnesium is essential as an 

activator of many enzyme systems (WHO, 1997). The 

geochemical behaviour of magnesium is substantially different 

from that of calcium. Magnesium ions are smaller than sodium 

or calcium ions and can be accommodated in the space at the 

center of six octahedrally coordinated water molecules. In 

groundwater, the calcium content generally exceeds the 

magnesium content, in accordance with their relative 

abundance in rocks but contrary to their relative solubilities of 

their salts. Magnesium is an important component of basic 

igneous rocks such as dunites, pyroxenites and amphibolites; 

volcanic rocks such as basalts, metamorphic rocks such as talc 

and tremolite–schists; and sedimentary rocks such as 

dolomite. Olivine, augite, biotite, hornblende, serpentine and 

talc are some major magnesium-bearing minerals. The 

concentration of magnesium ions varied from 16 to 56 mg/l.  

Most of the samples are with in the limit prescribed by BIS 

except these ground water samples (D-2, 3, 10, 12, 16, 19, 20). 

The high concentration of magnesium ion may cause laxative 

effect, while deficiency may cause structural and functional 

changes.  

 

5.5 Sodium and Potassium 

The concentration of sodium (Na
+
) in water samples varied 

from 4 to 2417 mg/l. The highest concentration is measured in 

sample D20 of Dwarka Sector 20 and the lowest concentration 

is measured in sample D16 of Dwarka Sector 10. The high 

concentration of Na
+
 may pose a risk to persons suffering from 

cardiac, renal and circulatory disease.  The concentration of 

potassium in the water samples varied from 1.0 to 32 mg/l. the 

highest concentration of potassium is observed to be 31.90 

mg/l in the sample D-3 of Dwarka Sector 13 while the least 

value observed is 1.0 mg/l in sample D-24 of Najafgarh drain 

side. Large amount of these ions gives a salty taste to water 

when combined with chlorides. Moderate quantities have a 

little effect on the usefulness of water for most of the 

purposes.  

 

5.6 Fluoride: 

The concentration of fluoride in groundwater is principally 

governed by climate, the composition of the host rock and 

hydrogeology (Sujatha, 2003; Hussain  et al., 2000, 2003, 

2004, 2005, 2007, 2010, 2012; Arif 2012). Fluorite is the 

principal bearer of fluoride and is found in granite, gneiss, and 

pegmatite (Rama Rao, 1982). Fluoride is released to the soil 

and groundwater by the process of weathering of primary rock 

or leaching of landfill contaminants (Sujatha, 2003). When 

fluoride is released into the soil and groundwater, the 

concentration may increase until saturation is reached (Handa, 

1975). The alkaline water can mobilize fluoride from fluorite 

(CaF2) with the simultaneous precipitation of CaCO3 because 

the solubility of CaF2 increases with an increase in NaHCO3 

rather than with salts NaCl, Na2SO4, MgCl2 and MgSO4 

(Ramamohan Rao et al. 1993; Saxena and Ahmad 2001, 

2003). 

 

CaF2 + 2HCO3
-
   CaCO3 + 2F

-
 + H2O + CO2 

 

CaF2 + 2NaHCO3   CaCO3 + 2Na
+
 + 2F

-
 + H2O + CO2 

 

Minerals rich in CaCO3 can also favor the dissociation of 

fluoride from fluorine-containing minerals, as given below:  

 

CaCO3 + H
+
 + 2F

-  
 CaF2 + HCO3

-
 

 

CaF2 ------  Ca
+2

 + 2F
-
      

K = [a(HCO3
-
] / [a(H+) X a(F

-
)] 

 

Where K is an equilibrium constant and is the activity. It is 

evident that if the pH is constant, the activity of fluoride is 

directly proportional to bicarbonate. In the study area fluoride 

concentration was found between 0.22 to 4.64 mg/l. The 

maximum value of 4.64 mg/l n sample D-7 of Dwarka Sector 

19 while the lowest value is recorded in the sample D-20 of 

Dwarka Sector 12 is 0.22 mg/l.  
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5.7 Chloride (Cl
-
) 

Chloride-bearing rock minerals such as chlorapatite, which are 

very minor constituents of igneous and metamorphic rocks, 

and liquid inclusions, which comprise very insignificant 

fraction of the rock volume are minor sources of chloride in 

groundwater. It is presumable that the bulk of the chloride in 

groundwater is either from atmospheric sources or sea-water 

contamination.  Chloride salts, being highly soluble and free 

from chemical reactions with minerals of reservoir rocks, 

remain stable once they enter into solution. Most chloride in 

groundwater is present as sodium chloride, but the chloride 

content may exceed due to base-exchange phenomena 

(Apambire et al., 1997).  Calcium and magnesium chloride 

waters are rather rare. Abnormal concentration of chloride 

may result due to pollution by sewage waste, salting for 

certain types of trees like coconuts and leaching of saline in 

the soil  

 

Chloride concentration in the study area ranges from 53.2 mg/l 

(D-7) to 6309.mg/l (D-20). Chloride concentrations of four 

sources (D-7, 17, 23, 24) are within maximum desirable limit 

(250 mg/l). Five sources (D-10, 12, 16, 19, 20) are out of 

maximum permissible limit (1000 mg/l), hence unsuitable for 

drinking purpose. High chloride content of groundwater is 

likely to originate from pollution sources such as domestic 

effluents, fertilizers, septic tanks and from natural sources 

such as rainfall, the dissolution of fluid inclusions. Increase in 

chloride level is injurious to people suffering from diseases of 

heart or kidney (WHO, 1997). Chloride toxicity has been 

observed in such cases where it is impaired with sodium 

(EURO, 1978). When the excess chloride concentration is 

present with excess sodium concentration it may cause 

congestive heart failure (Brooker and Johnson, 1984; Wesson, 

1975) hypertension (EURO, 1978; DNHW, 1978; IOS, 1989). 

In source D-20 chloride and sodium concentration are high 

therefore such health effect may occur. 

 

5.8 Sulphates (SO4
2-

) 

The main source of sulphate in the groundwater is presence of 

gypsum as a part of evaporites sequence present in quaternary 

sediments as well as in underlying basement rocks (Dey, 

1991). Sulphate concentration of the study area was found 

between 10 to 1046 mg/l. The maximum concentration was 

found in source D-2 of Dwarka Sector 14 and minimum in 

source D-7, 18, 23, 24. From table it is clear that only three 

sources (D-2, 10, 20) have its concentration above maximum 

permissible limit (400 mg/l). The sulphate concentrations in 

remaining sources are within maximum desirable limit. The 

concentration of sulphate is likely to react with human organs 

if the value exceeds the maximum allowable limit of 400 mg/l 

and causes a laxative effect on human system with the excess 

magnesium in groundwater. Dehydration has been reported by 

Final, 1980 as a common side effect of high sulphate 

consumption. Carthartic effects are also experimented on 

people consuming drinking water containing sulphate 

concentration more than 600 mg/l (Chaein, 1968; USDHEW, 

1962; USEPA, 1985). 

 

5.9 Nitrate and Nitrite as N 

Generally the major sources for nitrate in groundwater include 

domestic sewage, runoff from agricultural fields, and leachates 

from landfill sites (Lee et al., 2003; Jalali, 2005).  Nitrate in 

the study area was found in high concentrations. It was 

recorded in the range of 10.8 to 147 mg/l nitrate as N as 

shown in table 1. Nitrate itself does not show toxic effect but 

in human body when it is reduced to nitrite, it creates various 

serious unhealthy effects. Nitrate has been found to react with 

nitro stable compounds to form N - nitroso compounds. Most 

of these compounds have been found to be carcinogenic.
 

United State National Research Council (USNRC) has found 

an association between high nitrate intake and gastric and or 

Oesorphageal cancer. The major biological effect of nitrite in 

human is its involvement in the oxidation of normal 

hemoglobin to methaemoglobin, which is unable to transport 

oxygen. When the concentration of methaemoglobin reaches 

10% of that of hemoglobin; the condition called 

mathaemoglobinaemia or blue baby syndrome, cause cyanosis 

and at higher concentration asphyxia (Sallman, 1957; Craun et 

al., 1981).  Such reports of other health disorder namely non 

Hodgkin’s lymphoma (Weisenbeage, 1991) has increased 

infant mortality (Super et al., 1981) and hypertension 

(Malberg et al., 1978) have also been recorded.  The nitrite 

concentration varies from 0.00 to 0.12 mg/l.  

 

5.10 Silicate and Phosphate 

Phosphorus originates from the weathering of local rocks and 

fertiliser use. The concentration of phosphate in water samples 

varied from below detection limit (BDL) to 2.98 mg/l. The 

highest concentration is measured in D-6 of Dwarka Sector 

18.  

 

Silica is one of the most common rock forming groups of 

minerals on earth. Its concentration is expressed in terms of 

SiO2. The concentration of silica varies 61 to 1013 mg/l. The 

minimum and maximum concentration was observed in D-7 of 

Dwarka Sector 19 and D-12 of Dwarka Sector 22 respectively. 

 

5.11 Water Quality Index: 

A number of indices have been developed to summarize water 

quality data in an easily expressible and easily understood 

format. A water quality index is a means to summarize large 

amounts of water quality data into simple terms (e.g., good) 

for reporting to management and the public in a consistent 

manner. Twenty seven samples were collected from Dwarka 

sub city and the physicochemical parameters of these samples 

including pH, Total hardness, calcium, magnesium, 

Bicarbonate, chloride, Fluoride, Nitrate, Sulphate, sodium and 

potassium were cumulated into a single parameter known as 

Water Quality index(W.Q.I).  
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The Ground Water Quality index for drinking purposes is 

calculated by the following steps:  

 

Weight is assigned to the parameters under consideration (wi). 

These weights indicate the relative harmfulness when present 

in water. The maximum weight assigned is 5 and minimum is 

1.The relative weights(Wi)  are calculated as per the formula: 

 

=  

 

Chemical 

parameters 

BIS, 10500, 

2012 

Weight 

(wi) 

Relative 

weight (Wi) 

pH 6.5-8.5 4 0.129032 

Total 

hardness 

300 2 0.064516 

Calcium 75 2 0.064516 

Magnesium 30 2 0.064516 

Bicarbonate 244 3 0.096774 

Chloride 250 3 0.096774 

Fluoride 1 4 0.129032 

Nitrate 45 5 0.16129 

Sulphate 150 4 0.129032 

Sodium 20 1 0.032258 

Potassium 10 1 0.032258 

    ∑wi=31 ∑Wi=1 

Note: All values are in mg/l except pH 

 

1. Now each parameter was assigned a quality rating scale 

(qi)as per the following formula                                               

qi=  X  100 

2. Where, ; —is the value of each parameter 

as observed experimentally. 

 –is the base value for each parameter (which Is 0 for all 

parameters except pH for which it is 7) and   

; —is the standard value as 

recommended by BIS 10500, 2012. 

 

3. The sub index (S.Ii) of each parameter  for a place is thus 

calculated as: 

S.Ii=qi X Wi 

 

And the water quality index of each station is calculated as  

 

W.Q.I=  

 

Where —is the number of parameters being assessed by 

Water Quality Index (WQI). 

 

From the comparative analysis of WQI values for all sampling 

location, it was observed that WQI values varies from 58.3 to 

907.2 the maximum value of 907.2 is observed in the sample 

D-20 of Dwarka Sector 12 while the minimum is recorded in 

D-17 of Dwarka Sector 6 is 58.3. 

 

Application of Water Quality Index (WQI) in this study has 

been found useful in assessing the overall quality of water and 

to get ride of judgment on quality of the water. This method 

appears to be more systematic and gives comparative 

evaluation of the water quality of sampling stations. It is also 

helpful for public to understand the quality of water as well as 

being a useful tool in many ways in the field of water quality 

management. 

Wi 
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From the water quality index parameter it has been observed 

that 30.77% of samples tested have been found unfit for 

drinking (D-1,2,10,12,16,19,20,26),  While 46.15% samples 

have been found to have very poor quality and 19.23% of 

samples belongs to the poor category of water quality. 
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