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      Abstract: Groundwater is one of the essential elements of the 

environment which is vital for sustaining life. The versatile use of 

this precious asset has its importance but with its continuous 

withdrawal for ages, its availability may reach the threshold level 

and its quality might get affected (Ghosh, 2014). It is estimated 

that almost half of the world's population depend on 

groundwater for survival. Across the globe, groundwater plays an 

important role in meeting water related requirements in 

agricultural, industrial and domestic sectors, as almost 69%, 23% 

and 8% of available water resource gets consumed by these 

sectors respectively (Natraj, 2017). Water is considered to be the 

most precious natural resource on our planet. Also, it is called 

the principal constituent of all the living things. It acts as a 

critical factor while conditioning the earth for existence of 

human beings and influencing the process of civilization. It 

constitutes approximately two-thirds of the earth's surface as well 

as the human body. The total surface area of earth comprises 

land and water and extends to about 510 million km
2

.  Water 

occupies approximately 361 million km2 of the surface area and 

contributes to 71% of the global surface area, and 29% of the 

geographical surface area of 149 million km
2

 is occupied by land 

(Winter et al., 1998).  Northern hemisphere holds 39% of the 

total land area of earth and extends to 100 million km2, while 

Southern Hemisphere occupies 19% of land area of 49 million 

km2. Similarly, the area occupied by water in the Northern 

hemisphere is 155 million km2 i.e. 61% of the total water area, 

while it occupies 206 million km2 in the southern hemisphere i.e. 

81% of the total water area. However, despite being so abundant, 

only a small proportion is available as ‘fresh water’ for direct 

consumption. The remaining large proportion of total water is 

found in the oceans as ‘salt water’ as it contains salt and other 

minerals and is thus not potable and fit for human consumption. 

The global water resource is not evenly distributed over the entire 

globe. About 60 % of the freshwater resources are available in 

less than ten countries collectively, i.e., China, Brazil, Canada, 

Russia, India, Columbia, Indonesia, United States, and the 

Democratic Republic of Congo. This further leaves us with the 

responsibility of taking care of our water resources. 

I. INTRODUCTION 

         India is a geographically vast nation with an area of 329 

million hectares (Mha), which occupies approximately 2.4% 

of the world‟s land area.  About 4% of the world‟s 

freshwater resources are in India, ranking it amongst the top 

10 water rich countries. The water resources of the country 

consist of water bodies like rivers, canals, tank, reservoirs, 

lakes, ponds, abandoned water bodies and brackish water. 

The total water spread area of India is 7.4Mha, of this the 

surface area of reservoirs is 2.9 Mha, while lakes, tanks and 

ponds have a combined surface area of 2.4 Mha 

(Bhattacharyya et al.,2015).  

Revised Manuscript Received on June 12, 2019 

Ms. Ratika Agarwal (Assistant Professor, MRIIRS) 

Dr. Preeti Chhabra (Assistant Professor, MRIIRS) 
Dr. Aparna Prashant Goyal (Professor & Dean, MRIIRS) 

Dr. Sanjay Srivastava (Professor & Vice Chancellor, MRIIRS) 

 
 

 

rivers are adjudged as the main source of water resource in 

India.The It is estimated that the total length of Indian rivers 

is about 2 lakh km. Of the total water resource potential of 

1869 BCM, river basins contribute to the major water 

resource of the country. The usable amount of water resource 

of India is restricted to 1,123 BCM. Out of which, 690 

BCM/year is surface water and 433 BCM/year is 

groundwater (Suhag, 2016). The NCT of Delhi is greatly 

dependent on external water resources having little of its 

own. It receives its water from three water resources viz 

surface water, groundwater aquifers and treated wastewater. 

River Yamuna constitutes the primary source of water 

supply and contributes approx 38% of the total water 

demand of the city. Ganga- Brahmaputra basins accounted 

for half of India‟s groundwater resources and 25% are in 

Indus river basin. Water resource availability depends upon 

the hydrogeological set up such as geological environment, 

geomorphological, topographical setup, soil cover and 

climate in the form of precipitation, which is uneven 

throughout the country. Availability of water resources is 

also highly variable as one-third of the land is covered by 

alluvial and sedimentary formations which have great 

potential and the remaining two-third is covered by hard 

rocks, having limited to moderate potential (Kittu, 2003). 

Groundwater resource, which is a buffer resource when it 

comes to rescue in deficit rainfall years, has been depleted 

severely. The dependence of groundwater is quite 

considerable in the study area as it is being used extensively 

for various anthropogenic activities. Consequently, 

indiscriminate water usage has resulted in a decline in the 

available water resource (Singh, 2012). In 2015, Central 

Ground Water Board has reported a decline in water table 

which is in the range of 0.96 – 66.45 meters below ground 

level (mbgl) (CGWB, 2016).  

Generally, water quality assessment studies produce a large 

number of water quality data sets and pollution parameters 

which are in the complex form that cannot be interpreted by 

an unskilled person. Therefore, to address this problem, a 

modern technique called as Water Quality Index (WQI) was 

developed. The Water Quality Index (WQI) is a numerical 

terminology which is widely used to evaluate the quality of 

a water body at a specific time and location and it also acts 

as a comporehensive, yet simple tool. The objective of this 

index is to convert the different water quality parameters 

into understandable information which could be used by a 

layman. WQI uses a number of water quality parameters and 

expresses the quality of water in a comprehensive manner 

like „very good‟, „good‟ and „poor‟. (Pesce and Wunderlin 

2000).  

Step1:  Parameter selection which is based on impact on 

overall water quality, statistical approaches, 

literature survey. 
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Step 2:  Developing Sub-indices which can be linear, 

nonlinear, segmented linear, segmented 

nonlinear, logrithmic. 

Step 3:  Weight assignment to the parameters which can be 

subjective or based on opinion gathering 

techniques such as Delphi technique. 

Step 4:  Aggregation of sub-indices that can be linear sum 

index, weighted sum index, root sum power 

index, multiplicative form index, maximum 

operator index and minimum operator index. 

The concept of characterizing water with its quality or 

pollution is deep rooted somewhere in 1848 in Germany 

(Dojlido & Best, 1993). Horton devised the first ever Water 

Quality Index (WQI) in 1960s, as a tool to evaluate the 

quality of water. Horton devised a WQI taking into account 

eight specific parameters. Rating scales ranged from 0 to 

100 for each parameter. Each parameter was given a weight 

(weighting factor 1 to 4) according to its relative impact. 

The resultant WQI had values which ranged from 0 to 100 

with lower values signifying a poor water quality and vice 

versa. It has been found that some indices are more popular 

than others: for example NSFWQI  is used not only in the 

country of its origin but also worldwide. Similarly, 

CCMEWQI is also used in many other countries besides the 

state of its evolution (Lumb et al., 2011). It is principally 

appropriate for use with continuous water quality 

monitoring networks (Terrado et al., 2010). Tiwari and 

Mishra (1985) is another index which enjoys the status of 

being extensively used index worldwide. Since each WQI is 

devised in different geographical and organizational 

province, there is no procedure formulated so far to quantify 

their performance. Therefore, it becomes necessary to 

compare WQIs to build qualitative judgment on their 

suitability to describe water quality data before applying in a 

particular region. The available literature compares the 

water quality indices on the basis of their mathematical 

structures and overall merits and demerits. The numerous 

WQIs developed in different regions have been applied not 

only in the country of their origin but have been generously 

used to categorize the groundwater quality throughout the 

world. 

II. STATISTICAL METHODS 

Principal component analysis (PCA) is a data reduction 

technique applied to reduce the dimensionality of a data set 

with minimum loss of original information comprising huge 

number of inter-related variables. This reduction technique 

includes the transformation of the data set into a new set of 

variables which are called as principal components (PCs). 

These PCs are orthogonal (non-correlated) and are arranged 

in decreasing array of significance (Panda et al., 2006). PCA 

facilitates the identification of pollution sources based on 

reduced parameters, such as spatial (pollution from the 

anthropogenic origin) and temporal (seasonal and climatic). 

Multivariate statistical techniques have been successfully 

applied world over to characterize the quality of 

groundwater and for drawing meaningful interpretation. The 

liner regression was used to assess the relationship between 

exceedance probability of nitrate and potential indicator 

parameters, also tried to find out relation between the spatial 

patterns of nitrate contamination and the sale of nitrogen 

fertilizers. But no significant relationship was established 

between the aforementioned parameters. Teso et al. (1996) 

devised a logistic regression model containing independent 

variables related to the soil texture. The dependent variable 

was defined as the contamination status of soil sections and 

groundwater vulnerability was evaluated through the 

estimation of soil sections likelihood of containing a 

contaminated well. Troiano et al. (2000) used CALVUL 

method in California to determine the groundwater 

vulnerability due to pesticide leaching. Mechanistic models 

used for vulnerability assessment are most commonly one-

dimensional NPS pollution models, such as LEACHM 

(Wagenet and Hudson, 1987), MACRO, WAVE (Vanclooster 

et al., 1994),  HYDRUS (Simunek et al., 1998), PEARL 

(Tiktak et al., 2000), MOC model (Konikow and Bredehoef, 

1978; Konikow et al., 1994). The most used computer 

programme for groundwater modelling in three dimensions is 

MODFLOW. FEFLOW (Diersch and Kolditz, 1998). Eliasson 

(2001) applied the FEFLOW model for predicting the impact 

of deicing salt and accidental spills from a large road to an 

important aquifer for water supply and results of the model 

were utilised in the context of a Multiple Criteria Decision Aid 

System. Lindström (2006) conducted a study in Sweden by 

using the one-dimensional unsaturated MACRO model and 

the two-dimensional MOC model to evaluate the groundwater 

vulnerability due to salt from road de-icing in a water supply 

area. Chloride was used as an indicator for determining the 

vulnerability for groundwater contamination from the road. 

His study was designed to provide the required data on the 

status of groundwater pollution potential in various parts of 

Delhi in a comprehensive manner by linking it with quality 

characterstics and therefore predict through vulnerability 

modelling. The finding of the study would also help in 

initiating water quality measures based on the severity of the 

pollution indicated in the respective zones. 

III. OBJECTIVES OF STUDY 

The study was designed to be a pioneering inter-disciplinary 

attempt to apply a novel and integrated approach by 

combining vulnerability models, WQI and GIS in NCT of 

Delhi with a focus on groundwater resources. Evaluation 

and assessment of the physico-chemical characteristics of 

groundwater. 

 Locating potential contaminant zones by using 

vulnerability index. 

 Integration of data in GIS to prepare vulnerability 

maps and forecasting of water quality from the 

selected water quality index.  

 Comparison of vulnerability indices in integration 

with WQI to find out best suitable method. 

 Development of validation model for quality indices 

IV. SAMPLING 

Freshly purchased polyethylene bottles were cleaned and acid 

washed in the laboratory to remove any contaminants. These 

bottles were then used to collect water samples from the field. 

Acidified (by adding HNO3 to lower down the pH below 2) 

and non acidified samples 

were collected separately for 

the analysis of pre selected 

chemical parameters. Grab 



International Journal of Engineering and Advanced Technology (IJEAT)  

ISSN: 2249-8958, Volume-8 Issue-5, June 2019 

 

1078 

Published By: 

Blue Eyes Intelligence Engineering & 

 Sciences Publication  
Retrieval Number E7204068519 /19©BEIESP  

ground samples were collected in duplicate from dug well, 

bore holes/ tube wells and hand pumps after running the water 

for 10 minutes. Samples were transported to the laboratory and 

stored in the refrigerator until analysis. Groundwater samples 

were analyzed for 17 parameters such as pH, Temperature, 

Electrical conductivity (EC), Alkalinity, Acidity, Total 

dissolved solids (TDS), Total  hardness (TH), Calcium (Ca
2+

), 

Magnesium (Mg
2+

), Fluoride (F
-
), Chloride (Cl

-
),  Sodium 

(Na
+
), Potassium (K), Nitrate (NO3

-
), Sulphate (SO4

2-
) and Iron 

(Fe
2+

) . 

V. STATISTICAL ANALYSIS 

In F test null hypothesis was assumed that the population 

means were equal. Low F values signified that the null 

hypothesis was correct and there was no significant 

variation among sample means. On the contrary high value 

of F rejected the null hypothesis and signified that the 

statistically significant variation existed among sample 

means. For principal component analysis, Barlett‟s Test of 

Sphericity and Kaiser- Mayer-Olkin (KMO) were performed 

to test the suitability of data. KMO has been used to 

measure the sampling adequacy which shows the fraction of 

variables that have common variance. KMO values which 

are more than 0.5 are considered satisfactory for PCA. In 

this study, the KMO value of 0.711 indicates that the data 

set is appropriate for principal component analysis. 

Bartlett‟s test of sphericity points out whether correlation 

matrix is an identity matrix, which further means that the 

variables are not related. In the present study, the 

significance level is 0 (less than 0.05), which is indicating 

that there are significant relationships amongst variables and 

they can be clustered together. 

Table 1: Kaiser-Meyer-Olkin measures and Barlett's test of 

Sphericity 

 

          *df: degrees of freedom and Sig: significance 

In present study, PCA of the normalized variables was 

executed to find out significant PCs and to further reduce 

the contribution of variables having minor significance by 

using software of SPSS version 20.0. These PCs were 

subjected to varimax rotation generating Varifactors VFs 

(Abdul-Wahab et al., 2005).  Varimax rotation is done with 

the purpose to change the coordinates used in PCA. It 

maximized the sum of variances of squared loadings as all 

the coefficients would be either near to zero or large, with 

some intermediate values. As a result of it, a small number 

of factors usually give approximately the same amount of 

information as does the larger set of original observations. 

The visual investigation of hydrochemical data sets having 

large number of samples is an important aspect of any water 

quality related study, as it reveals distinct patterns and trends. 

In groundwater, visual inspection of hydrochemical data can 

also help in identifying the water type or hydrochemical facies, 

defined as a distinct zone of groundwater that can be described 

in having cation and anion concentrations within definite limits 

(Singh, 2012). The shape of the respective Stiff diagrams helps 

in easy visual comparison of water type. Stiff diagrams are of 

more importance since they envisage ionically related waters 

through which a flow path can be determined, or if the flow path 

is known, they could be used to show the change in ionic 

composition of a water body, over space and time (Singh, 2012). 

 

VI. ANALYSIS & RESULT 

 

The groundwater quality in the NCT of Delhi was analyzed 

with respect to 17 parameters which were analyzed for 22 

sites each, in the pre-monsoon, post-monsoon and winter 

season. It was seen that the data sets were not normally 

distributed. As a result, different mathematical 

transformations (such as square roots and logarithms) were 

done as an attempt to convert the data to be fitted in the 

normal distribution so as to perform parametric statistical 

analyses like Analysis of Variance (ANOVA) and Principal 

Component Analysis (PCA). ANOVA was performed on the 

dataset of two years (2013-14 and 2014-15) and three 

seasons along with post hoc test (Appendix II, III and IV 

respectively). But no significant variation in the parameter 

values has been observed at 95% confidence interval. 

Therefore an average value of the parameters has been used 

for the descriptive analysis. A site wise detail of parameter 

is presented in Appendix I. The result of seasonal 

investigation for parameters at selected sites is presented. 

The pH measures the concentration of free hydrogen and 

hydroxyl ions in the water. It determines the intensity scale 

of acidity and alkalinity of water. Since pH can be affected 

by chemicals in the water, it is an important indicator of 

water that is changing. During the whole study period, pH of 

the groundwater in the NCT of Delhi ranged from slightly 

acidic to alkaline, with values in between 6.29 at Vikas Puri 

(S7) during winter and 8.1 at Rohini (S15) during post-

monsoon and a mean value of 7.01±0.09. The seasonal 

average of pH in pre-monsoon, post-monsoon and winter 

were 6.88, 7.47 and 6.86 respectivelyf.  A rise in pH during 

post-monsoon has been recorded that was due to the 

leaching of pollutant and dilution of groundwater in various 

proportions during monsoon.Temperature of water is 

considered an important parameter due to its influence on 

other physico-chemical parameters. Higher temperature 

elevates the solubility of toxic elements in water and 

influences the tolerance limit of aquatic organisms (Bhadja 

and Vaghela, 2013). The temperature was found to vary 

from 25.3⁰ C to 30.9⁰ C in pre-monsoon, 21.4⁰ C to 26.9⁰C 

in post monsoon and 19.3⁰ C to 26.55.⁰ C in the winter 

season. During the whole study, average groundwater 

temperature recorded was 25.63±0.18ºC, which ranged from 

19.30 ºC to 30.9 ºC with minimum and maximum 

temperature reported at Rajghat (S22) and Kingsway Camp 

(S10) during winter and pre-monsoon respectively. 

Electrical conductivity is the measure of the capacity of 

water to carry an electrical current. It is a measure of the 

total concentration of dissolved ions in the water and 

therefore does not itself have a prescribed desirable or 

permissible limit. The Electrical conductivity in the 

groundwater of the study area was found to be high with an 

average value of 1803.52±443.92 µS/cm. The minimum and 

maximum conductivity were reported from Najafgarh (S20) 

in winter and Kanjhawala (S13) in pre-monsoon 

respectively.  EC values 

showing an increasing trend 

from pre-monsoon 
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(1655.05µS/cm), post-monsoon (1812.13µS/cm) and winter 

(1947.61 µS/cm). High conductivity noted in the 

groundwater in winter season as compared to pre-monsoon 

and the post-monsoon season could be a direct consequence 

of the concentration of different ions in the aquifer. 

TDS measures the total amount of dissolved solids in the 

water. It is an important water quality parameter. High level of 

TDS in water makes it unpalatable and potentially unhealthy. 

The TDS contents of groundwater are administered by mineral 

dissolution rate, ionic saturation status of solution and 

chemical character of ground water (CGWB, 2016). The 

concentration of total dissolved solids in groundwater was 

found to vary from 248 mg/l at Vikas Puri (S7) in winter to 

31629 mg/l at Kanjhawala (S13) in pre-monsoon season, with 

an average of 2157.12 ± 1070.7 (mg/l). Average values with 

respect to pre-monsoon, post-monsoon and winter were 

2795.93 (mg/l), 1857.52 (mg/l) and 1817.90 (mg/l) 

respectively. Highest TDS content was found during pre-

monsoon. Because of finer sediments in the aquifer, flushing 

of groundwater was improper and longer staying time of water 

in the aquifer results in dissolution of salts from the aquifer 

material, which, in turn, leads to increased TDS content. The 

hardness of water tells the nature of geological formations 

which it has been in contact with (Sawyer and McCarty 1978). 

It is due to the presence of cations such as magnesium, 

calcium and anions such as bicarbonate, carbonate, sulfate 

and chloride (Kumar et al., 2011). Though, 

hard drinking may have moderate health benefits, but it can 

pose critical problems in industrial and domestic settings as 

it causes scaling in boilers, cooling towers, pipes and home 

appliances. Monitoring of hardness is imperative to avoid 

costly breakdowns of machines and domestic devices. 

During the entire study, total hardness was recorded 

between 162 (mg/l) to 4890(mg/l) at Ashok Vihar (S14) and 

Kanjhawala (S13) respectively. Mean value of hardness was 

604.46±180.08 (mg/l) and seasonal average value were 

537.93 (mg/l), 638.61 (mg/l) and 655.66 (mg/l) for pre-

monsoon, post-monsoon and winter respectively. High 

values of hardness at some sites may be due to the 

dissolution of minerals by infiltration of groundwater into 

the aquifer system. The average concentration of calcium 

observed was 40.37± 20.27 mg/l in the groundwater. The 

maximum concentration was reported at Kanjhawala (S13) 

and minimum at Najafgarh (S20). Mean value for pre-

monsoon, post-monsoon and winter were 23.45mg/l, 

57.83mg/l and 41 mg/l respectively. It has been noted that 

calcium ion ranged within the BIS permissible limit i.e. 75 

mg/l (BIS, 2012) during the entire study period. Magnesium 

shows much spatial variation in the groundwater samples. 

Magnesium values increased from pre-monsoon (135.25 

mg/l) to winter season (153.22 mg/l) with a mean value of 

140.87 ±40.51mg/l. Magnesium ion concentration ranged 

from 36.29 mg/l to 1073.81 mg/l. During the winter season, 

both minimum and maximum concentration was reported 

from Ashok Vihar (S14) and Kanjhawala (S13) respectively. 

Dissolution of magnesium-bearing minerals like magnesium 

calcite, gypsum dolomite from source rock could be the 

reason behind the elevated concentration of Magnesium ion 

in groundwater of Delhi. During the whole study period, 

groundwater was not found to be acidic. The acidity 

concentration in study area ranges from 20mg/l to 700mg/l 

with a mean value 112.71±21.66mg/l.  Among all the three 

seasons, pre-monsoon reported the least acidity 60.02 mg/l 

and maximum in post monsoon 183.52 mg/l. In winter 

season average acidity 91.84 mg/l was observed. Alkalinity 

is a measure of the ability of the water to neutralize acids and 

bases. It functions as a buffer, protects the water and its life 

forms from immediate shifts in the pH. Alkalinity is important 

in the treatment of drinking water and wastewater as it will 

influence the treatment processes. Water may also not be 

suitable for use in irrigation if the alkalinity of water is higher 

than that of the natural level of alkalinity in the soil. Delhi‟s 

groundwater was found to be a little alkaline with an average 

value of 437.95±33.76 mg/l. Vikas Puri (S7) and Kanjhawala 

(S13) were reported minimum (225 mg/l) and maximum 

(1070 mg/l) values of total alkalinity. Total alkalinity showed a 

decreasing trend from pre-monsoon to post-monsoon and 

winters with respective values of 485.57 mg/l, 440.57mg/l and 

418.18mg/l. High alkalinity in pre-monsoon season seems to 

be a result of the concentration of the bicarbonate and 

carbonates in the groundwater due to rock - soil interaction 

(Singh, 2012).  

Chloride is an anion, which occurs naturally in all natural 

waters. It is broadly distributed in nature as salts of sodium 

(NaCl), potassium (KCl), and calcium (CaCl2). It can be 

released in groundwater system through various physico-

chemical reactions such as ion exchange. Chloride as such is 

nontoxic to human beings but its elevated levels is 

considered as the “advance warning” of the existence of 

other toxic contaminants in the water (Kelly et al., 2012). 

Chloride concentration during the study was found in the 

range of 32.66mg/l to 4512.23mg/l, with minimum 

concentration recorded from site Najafgarh (S20) and 

maximum from Kanjhawala (S13). Mean chloride value 

recorded was 488.72±178.79 mg/l for the entire study 

period. Seasonal investigation revealed an increasing trend 

in chloride ion concentration from pre-monsoon (407.69 

mg/l) to post-monsoon (448.23mg/l) and highest 

concentration during winter (610.24 mg/l) that is attributed 

to the leaching from upper soil layers derived from 

industrial and domestic activities and dry climate 

(Vasanthavigar et al., 2010). Fluorine is the lightest element 

of the halogen group. It rarely occurs in free form in nature 

but combines chemically to form fluoride. Fluorite (CaF2) is 

common fluoride mineral. Groundwater is the chief source 

of fluoride intake in humans. Fluoride concentrations at 

most of the sites were found to be exceeding the BIS 

permissible limit of 1.5mg/l (BIS, 2012). Average fluoride 

value reported during the study was 0.99±0.15mg/l. The 

maximum value (3.77mg/l) was reported at Kanjhawala 

(S13) and minimum value (0.03 mg/l) at Ashok Vihar (S14). 

High value was due to the presence of rich mica and regular 

application of phosphate fertilizer from surface runoff water 

from surrounding soil. Fluoride concentration was high 

during post-monsoon (1.27 mg/l) as compared to winter 

(0.94 mg/l) and pre-monsoon (0.76 mg/l) season. Earlier 

study by Kaur and Mishra (2014) reported the contribution 

of dissolution of fluoride bearing mineral for elevated 

concentration of fluoride ion in the groundwater of study 

area. High concentration is of concern as it has relatively 

higher adverse health impacts like“skeletal fluorosis and 

dental fluorosis. Nitrate“(NO3
-
) is composed of nitrogen and 

oxygen and is a significant source of nitrogen for animal and 

plant life, but excess nitrate component in drinking water 

can cause harm to human 

health. It could 

cause methemoglobinemia or 
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Blue Baby Syndrome in children less than 6 months old. 

Nitrate contamination in groundwater of the study area is 

more so anthropogenic and could be due to not disposing 

sewage properly and unhealthy conditions around the well 

(CGWB, 2012). The average concentration of nitrate in 

groundwater found during the entire study was 5.68±0.99 

mg/l (Table 1). Maximum concentration of nitrate was 

observed during post-monsoon period at Kanjhawala (S13) 

credited to dominance of agricultural activity in this region 

that leads to leaching from plant nutrient and nitrate 

fertilizer.The natural sources of sulfates in groundwater are 

various minerals in the geology of study area like gypsum 

(CaS04.2H2O), Pyrite (FeS2), Galena (PbS) etc. and its 

concentration in groundwater increases by ion exchange or 

oxidation-reduction processes taking place in the 

groundwater aquifer system (Srivastava, 2006). Sulphate 

concentration in groundwater samples was found in the 

range of 9.25 mg/l at Mangolpuri (S5) to 647.14 mg/l at 

Kanjhawala (S13) with a mean concentration of 

179.75±33.61 mg/l. On comparing seasonal values, the 

maximum value was observed during post-monsoon (233.66 

mg/l) and minimum value during winter (152.67 mg/l), 

which is attributed to the leaching of contaminants with 

rainwater from the surface to subsurface water. The major 

source of sodium in groundwater is weathering of some 

minerals like feldspar, pyroxene, plagioclase etc. Sodium 

concentration was high throughout the study with average 

value 272.80±63.53 mg/l. There is no prescribed limit of 

sodium concentration in drinking water has been laid down 

by BIS. However, a desirable level of 200 mg/l has been set 

by World Health Organisation (WHO, 2004). The maximum 

value (1563.8 mg/l) was reported at Kanjhawala (S13) and 

minimum value (50.07 mg/l) at Najafgarh (S20).  Maximum 

value was recorded during winter (320.57mg/l) with respect 

to pre-monsoon (231.17mg/l) and post-monsoon 

(266.63mg/l). Domestic, commercial and industrial 

discharge could be the probable source of high sodium in 

groundwater of NCT. In general, sodium is not toxic to 

human body because of which its high concentration is not 

of much public health concern. Potassium was not found in 

high concentration in the study area. It ranged from 1.49 to 

142.64 with mean value 14±4.69 mg/l. The seasonal average 

value was in the range of 13 mg/l to 15 mg/l. Therefore, no 

temporal variation observed. A study by Srivastava (2009) 

shows comparatively less potassium because, Delhi soils 

have a significant amount of illite, which fixes potassium, 

Hence groundwater in NCT has low potassium value. 

The iron occurs naturally as a mineral from sediment and 

rocks but higher concentration in groundwater is increased 

by dissolution of ferrous borehole and hand pump 

components. Its concentrations provide an indication of 

chemical conditions occurring in ground water. Iron value 

was high during the entire study with mean value 

2.78±2.31mg/l. Iron value ranged from 0.20 at CBD Shahdara 

(S2) to 74.92 mg/l at Kanjhawala (S13). Maximum value 

recorded during winter (5.16mg/l) with respect to pre-

monsoon (1.16 mg/l) and post-monsoon (1.58 mg/l). Higher 

values probably a result of weathering of rock material and 

discharge of domestic and industrial effluents (Singh, 2012). 

During the study, groundwater depth was found in the range 

of 0.83 meters below ground level (mbgl) at S11 to 46.1 

mbgl at S16. Average depth recorded was 14.2±3.4 mbgl. 

Seasonal average values for depth were 14.50 mbgl in pre-

monsoon, 13.6 mbgl in post monsoon and 14.22 mbgl in 

winter. Deepest water levels were observed in South district 

and shallow water levels were observed along the river 

Yamuna. The decadal mean water level of pre-monsoon 

(2005 – 2014) and post-monsoon have registered fall in the 

range of 0.24 to more than 10.10 m and 0.01 to 7.27 m 

respectively. Majority of wells analyzed have registered 

declining trend of less than 1 m/year (CGWB, 2015). 

A. Analysis of Variance (ANOVA) 

The one-way analysis of variance (ANOVA) was performed 

to analyze variability in data to infer any statistically 

significant differences between the means of parameters in 

different seasons and sites. In this study „α‟ value at 0.05 

(p<0.05) has been chosen to check significance difference.  

The seasonal investigation revealed that EC, TDS, TH,  Ca
2+ 

, Mg
2+

 , TA, Cl
-
, SO4

2-
, NO3, Na

+ 
, K

+
, Fe and depth were 

found to vary insignificantly with the season but pH, 

temperature, acidity and fluoride varies significantly with 

seasons. Results for spatial investigation show significant 

variation in the values of all the parameters except fluoride. 

In case of pH „α‟ value was observed less than 0.05 (p=0.00) 

for the season as well as sites (p=0.043, p<0.05) which 

showed that the groundwater in the NCT of Delhi varies in 

different seasons and at different sites. It has been already 

discussed that pH was found to be more alkaline in the post-

monsoon season then pre-monsoon and winter season. This 

was because atmospheric precipitation in Delhi was known 

to be alkaline (Ali et al., 2004). Similarly to pH, 

Temperature was also reported to vary significantly with 

season (p=0.00) and sites (p=0.02, p<0.05). Chloride 

concentration varied considerably among site (p=0.00). The 

large spatial variation of chloride concentration indicated 

recharge and discharge zones of lateral flow regime as local 

recharge to the unconfined aquifer is more dominant than 

recharge from the lateral flow (Datta and Tyagi, 1996). 

Fluoride was showing significant variation with the season 

(p=0.02, p<0.05) as its concentration was high during the 

post-monsoon season because of leaching of fluoride with 

rainwater in the study area. 

B. Principal Component Analysis (PCA) 

The PC1 showed 50.52% of the total variance with an eigen 

value of 8.588. The PC2 with an eigen value of 1.917 

accounted for 11.26% of the total variance. Whereas, PC3 

and PC4 with eigen value of 1.61 and 1.173 responsible for 

9.47% and 6.9% of the total variance. The communalities of 

chemical variables vary from 0.494 to“0.966, indicating the 

involvement of different”contributions in changing the 

groundwater quality. PC1 was showing high positive loading 

for EC, TH, Ca
2+

, Mg
2+

, Cl
-
, SO4

2-
,  Fe 

2+
, Na

+
 and K

+
  

which suggested that PC1 represented the dissolution / 

precipitation processes of carbonate and sulfate minerals. 

Major ions such as Ca
2+

, Mg
2+,

 and SO4
2-

, were found to be 

an important component of TH. (Qian et al., 2013). A 

medium positive loading for TDS and NO3
-
 which derived 

from industrial, domestic and agricultural waste in the study 

area attributed to pollution activity. The group of EC, Mg
2+,

 

and Ca
2+ 

variables corresponds to the natural water 

mineralization thus the degree of rock weathering and the 

residence time of water and the water-rock interaction. The 

group of K
+
, Cl

-
, Na

+
 and 

SO4
2-

 variables correspond to 
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anthropogenic mineralization and may characterize an 

evolution near of ground surface. Therefore PC1 expresses 

the phenomenon of mineralization-water residence time.The 

high positive PC2 loading was observed for pH and medium 

positive for F
-
. The hydrochemical parameters, pH and F

-
 

correspond to a set of alkalinity based phenomenon. 

C. Water Quality Indices (WQI) 

The results of the ana1ysis obtained during the present study 

represented temporal and spatial variations. The 

interpretation of water quailty parameters one by one with 

respect to standard value is a complicated and time-

consuming process. To make the process simple and for 

collective estimation of more prominent parameters, an 

international (NSFWQI, 1970) and a national (Tiwari and 

Mishra, 1985) WQI have been chosen from several WQI‟s. 

WQI was computed by taking Maximum Desirable Level 

(MDL) as well as Maximum Permissible Level (MPL) 

prescribed by BIS (2012) for respective parameters. WQI 

computed using MDL of parameters was not giving the 

satisfactory result as it depicted maximum samples under 

“poor”, “very poor” and “Unfit for drinking” (UFD) 

category during all the seasons. Therefore, WQI calculated 

using MPL of parameters were considered for seasonal 

evaluation of water quality of NCT of Delhi. The most 

polluted longitudinal transect comprising western border of 

NCT of Delhi covers part of North West, West and South 

West districts in every season.  

Table 2: NSFWQI values for different samples calculated 

by using BIS (2012) maximum permissible 

level 

 

Table 3: Percentage of samples in each category as per 

NSFWQI classification 

 

* UFD: Unfit for drinking 

 

Table 4: Tiwari and Mishra WQI values for different 

samples calculated by using BIS (2012) 

maximum desirable level. 

 

* UFD: Unfit for drinking 

Table 5: Tiwari and Mishra WQI values for different 

samples calculated by using BIS (2012) maximum 

permissible level 

 

* UFD: Unfit for drinking 

For each site, WQI values were interpolated on the map of Delhi 

for pre-monsoon, post-monsoon and winter season. The spatio-

temporal maps revealed a significant decrease of 59.10 % for the 

area under “excellent quality” from pre-monsoon to post-

monsoon season, whereas an increase of 31.82% for the area 

under “very poor” and 9.09% for “unfit for drinking” category 

has been observed during the same season.  

Table 6: Percentage of samples in each category as per Tiwari 

and Mishra (1985) classification 

 

* UFD: Unfit for drinking 
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D.  Comparison Of Water Quality Indices 

To carry out a comparative assessment of NSFWQI and 

Tiwari and Mishra WQI, the total area covered by each 

category in percentage was calculated for each of the WQI‟s 

in each of the pre-monsoon, post-monsoon and winter 

season. The percentage area for each of the WQI in each of 

the three seasons has been plotted on a histogram and spatial 

distribution map were also generated for each season for a 

more explicit comparative assessment. 

 

Figure 1: Seasonal comparison of percentage classes lying 

under NSFWQI classification 

 

Figure 2:  Seasonal comparison of percentage classes lying 

under Tiwari and Mishra WQI classification 

 

Table 7: Comparison of total area covered by each category 

in percentage as per NSFWQI and Tiwari and 

Mishra WQI 

 

UFD: Unfit for drinking 

DRASTIC method of Aller et al. (1987), a standard system 

for analyzing groundwater pollution potential was the initial 

experiment used for calculating vulnerability index for the 

NCT. The method is based on a set of 7 hydrogeologic 

parameters and uses a numerical ranking system that gives 

weights to various parameters that he1p in the evaluation of 

relative groundwater vulnerability to contamination (Sinanh 

and Razack, 2009). The parameters are Depth to water, net 

Recharge, Aquifer media, Soil media, Topography (slope 

percentage), Impact of the vadose zone and Hydraulic 

Conductivity of the"aquifer. Depth to water table 

was”measured using Piezometers installed by Central 

Groundwater Board (CGWB). The depth to water table in 

the study area ranged from l.230 mbgl to 44.9 mbgl 

during“the entire study. The depth to water”table was 

assigned ratings of l, 3,5,7,9 and l0. In general, as deep the 

water table, as less will be the chances of pollutants to 

interact with groundwater, therefore, smaller the rating 

value.  The depth to water table around Yamuna flood plain 

was shallow, increasing from north to south. The “highest 

vulnerability” of this region could be associated with the 

presence of River Yamuna, high net recharge, the dominance 

of sand, clay and loam type of soil and presence of landfill site 

such as Bhalaswa and Gazipur landfill.   

 

Figure 3:  Percentage share of vulnerability classes in the 

study area by using DRASTIC and GOD 

model 

The susceptibility index was obtained by integrating 

vulnerability index and water quality index. Vulnerability 

models are the prediction models, based on hydrogeological 

data while WQI depicts realistic situation using 

hydrochemical. Therefore, susceptibility index that has been 

computed by a collaboration of both types of datasets would 

give a more holistic view of the water quality. To calculate 

this index, DRASTIC and GOD index were integrated 

individually with NSFWQI and Tiwari and Mishra index.  

 

 

 

 

Figure 4-6:  Season wise percentage share of susceptibility 
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index of the study area by integrating GOD with Tiwari and 

Mishra index. 

 

Figure 7:  Season wise percentage share of susceptibility 

index of the study area by integrating 

DRASTIC with Tiwari and Mishra index 

 

The coefficient of variations indicated that a high 

contribution to the variation of vulnerability index was made 

by hydraulic conductivity (58.08%) and depth to water 

(53.47%) followed by Topography (41.94%), moderate 

contribution was made by impact of vadose zone (18.68), 

soil media (18.14%), and net recharge (13.70%), while the 

lowest contribution was made by aquifer media (13.11%). 

 

VII. CONCLUSION 

For a precise assessment of more prominent parameters, an 

international and a national WQI have been selected from 

various WQI‟s. Seasonal investigation of NSFWQI indicates 

that lowest quality groundwater i.e. unfit for drinking (UFD) 

is observed in the major part of North-West Delhi 

particularly at Kanjhawala and adjoining area and some 

portion of West Delhi during all the three seasons. In every 

season “poor quality” groundwater is reported in adjacent to 

lowest quality regions which cover some part of North-

West, South-West Delhi, areas in vicinity of Nangloi in 

West and Bhalaswa landfill of North Delhi. Some part of 

North-West, West Delhi and a major part of North and 

South-West Delhi noted “good” quality groundwater in pre-

monsoon, post-monsoon and winter. Groundwater quality in 

North-East, East, South, Central and New Delhi is found to 

vary from “excellent” to “good” during the entire study 

period. Particularly around Mayur Vihar, Mangolpuri, Vikas 

Puri, and Burari “excellent” quality water is found during all 

the three seasons. Whereas Tiwari and Mishra index reveals 

that during pre-monsoon season, groundwater quality in all 

the districts of Delhi is noted to have “excellent” to “good” 

except the area around Najafgarh of South-West and a small 

part in North-West district of NCT of Delhi where 

groundwater quality is found to be “poor”. However, in the 

post-monsoon season, quality of groundwater in entire 

North-West, Central Delhi, a major part of North, West and 

South Delhi district is reported “poor”. The extent of 

“excellent” to “good” is restricted to the eastern border of 

East, half of the New Delhi, northwestern part of South and 

northeastern part of South West district of Delhi. Finally, 

WQI‟s and vulnerability index are clubbed together to 

generate susceptibility index. The incorporation of both of 

the datasets facilitates a more realistic evaluation than those 

of individual ones in order to estimate the groundwater 

contamination susceptibility of an aquifer. Susceptibility 

index generated by the collaboration of DRASTIC with 

Tiwari and Mishra index is identified as most suitable model 

for demarcation of pollution susceptibility zones as it is 

reflecting the effect of both hydrochemical as well as 

hydrogeological data on final index. This index demarcates 

major part of North-West, West and South-west Delhi 

district as highly susceptible to groundwater contamination. 

On the other hand, East and South Delhi is identified as least 

susceptible to pollution. Significance of DRASTIC 

parameters is confirmed by performing map removal 

sensitivity analysis by removing one layer at a time to check 

the effect of parameters on overall index. Further assigned 

weights are validated by comparing theoretical weights with 

calculated effective weights through single parameter test of 

sensitivity analysis. The theoretical and effective weight are 

found to have more similarity which should be classified as 

a good validation. Outcome of both the test has shown that 

net recharge, depth to water and impact of the vadose zone 

are the most significant hydrogeological factors in 

determining the high vulnerability of the study area and 

aquifer media, soil media, topography and hydraulic 

conductivity are also contributing significantly. This finding 

also justifies the relevance of assigned weights to the 

parameters. In addition to this, uniformity of final 

susceptibility index map is also validated by comparing it 

with EC and Chloride distribution maps. Maximum 

concentration of EC and Chloride are coinciding with the 

highly susceptible zones in Khanjhawala and Bhalswa 

region of the study area. These two areas are the most 

contamination vulnerable zones and require immediate 

attention from further contamination. 

VIII. RECOMMENDATIONS 

 

1. It is recommended that there needs to be controlled 

and reduced “total extraction”, and the process of 

taking ground water pumping out from along the  

Yamuna banks should have little increase. 

2. Study reveals that for efficient harvest in rainwater  

and the processes used for “artificial recharge” should 

be more especially in geographical areas found where 

ground water levels are diminishing.  

3. It is further suggested that before deciding on taking 

out and pumping ground water , the level of 

contamination should be considered once the  proper 

treatment has been put on place.  

4. Research shows that the “Site selection and design of 

landfill” has to be dependent on research by scientific 

means explained. 

5. The local population can be a big support to execute 

the planning and implementation of policies and 

frame works.  

6. The awareness of farmers towards the judicious usage 

of groundwater is essential towards conservation 

steps. 

7. It is recommended that the components that contribute 

negatively to pollution in ground water, like, fertilizers, 

agricultural processes and other “rogeological 

parameters” can be used for further scope of research 

study. 
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