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ABSTRACT

Groundwater is considered to be an important water resources because of it’s widey use in drinking and
irrigation purpose. Due to industrialization and urbanization, groundwater quality is deteriorating at a
rapid rate. The present study evaluates the groundwater quality of NCT Delhi using drinking water quality
parameters with the computation of water quality index (WQI) and coupled with QGIS technique. Raster
interpolation technique, Inverse Distance Weighted (IDW) in QGIS software has been used to generate the
spatial distribution map of water quality parameters. Six water quality parameters are used to evaluate the
suitability of groundwater for the drinking purpose. WQI has been developed using eleven drinking water
quality parameters. It was found that the majority of WQI of the study area lies in “poor” to “unsuitable for
drinking” category.
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Introduction

Water is an essential commodity for the existence of
life on planet Earth and plays a significant role in
balancing the ecosystem. India annually receives
about 4000 cubic km of precipitation. The total an-
nual flow in rivers is estimated to be 1869 km³.  50%
of the urban requirements and 85% of the rural re-
quirements are satisfied by the groundwater
(Suhag, 2016). Due to rapid urbanization, industri-
alization and increase in population, a pressure has
been developed on the groundwater to satisfy the
needs. It has led to over exploitation of groundwa-
ter resources and in some cities the water table has
gone several meters down below the ground level.

The water quality of any specified source like
groundwater can be assessed using three param-
eters namely physical, chemical and biological
(Ketata Mouna et al., 2011). Water quality index
(WQI) describes the quality of water using these

parameters and comparing them with their stan-
dard values. The objective of the study is to assess
and map the groundwater quality of NCT Delhi for
drinking purpose and to evaluate the WQI for
drinking purpose of the region. For mapping pur-
pose, QGIS software (version 3.10.2) is used. Spatial
interpolation method, Inverse Distance Weighed
(IDW) has been used to estimate the spatial distribu-
tion of the water quality parameters and WQI.

Study Area

Delhi, officially known as National Capital Territory
of Delhi (NCT), is capital of India covering an area
of 1483 sq.km. It lies from 28º24’15" to 28º53’00"
North latitude and from 76º50’24" to 77º20’30" East
longitudes. Delhi lies in the Northern Plains of In-
dian Subcontinent. The climate of Delhi varies be-
tween humid subtropical to semi-arid with long and
hot summers and cold winters. The normal annual
rainfall in the city is approximately 611.80 mm. The
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rainfall in the city increases from southwest to the
northeast.

Materials and Methodology

Input Datasets

The data used in this study is taken from Central
Ground Water Board (CGWB) Water Resources In-
formation System (WRIS) of India for the year 2015.
Data from a total of 28 sampling stations were used
for determining the quality of groundwater for
drinking purpose. The map of NCT Delhi is geo-ref-
erenced using the geo-referencing tool available in
the QGIS software. A shape file of sampling loca-
tions is prepared and joined with the respective at-
tribute information i.e., water quality parameters.

Water Quality Index for Drinking purpose

Water quality index provides unique rating to de-
scribe the overall quality of water in a single value
that helps in the selection of appropriate treatment
method (Tyagi et al., 2013). Hortan (1965) developed
the arithmetic aggregation function for the WQI us-
ing 10 commonly measured water quality variables
including pH, Dissolved oxygen (DO) and alkalin-
ity. Similarly Brown et al. (1970) also employed ba-
sic arithmetic weightage for the development of
WQI without using the multiplicative variables. In
the present study the drinking water quality index
(WQI) has been evaluated by using the drinking
water quality standards recommended by Bureau of
Indian Standards (BIS 2012). The arithmetic

weighted index method is used here. 11 parameters
were considered for computing WQI by using the
following formulas.

WQI = n
i=1 Wi x Qi .. (1)

 Where,
Wi = Relative weight of each parameter com-

puted as:
Wi

Wi = .. (2)
n

i=1 wi

Qi = Quality rating and computed as:

(va – vi)Qi = × 100 .. (3)
(si–v1

Where,
wi = unit weight assigned to each parameter
n = total number of parameters i.e n= 11
va and Vi = The actual and ideal values for all the

selected parameters of water quality respectively.
The value of  is zero for all the parameters except for
pH. For pH value of  is 7.

Si = Standard value of selected parameter taken
from BIS IS : 10500-2012.

The standards and weights of the parameters are
shown in Table 1.

Interpolation Technique

Geographic Information System (GIS) proved to be
a robust tool for solving the water related problems
which include assessment of water quality using
different water quality indicators, estimation of
water availability, developing better understanding

Fig. 1. Location map of the study area
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of natural environment and management of water
resources on a regional scale (Collet, 1996). Inverse
Distance Weighted (IDW) is a raster interpolation
technique available in QGIS software (version
3.10.2) and this spatial interpolation technique is
used in the present study to delineate the local dis-
tribution of drinking water quality parameters and
water quality index (WQI). The scale used to pre-
pare the maps is 1:250000.

Results and Discussion

Groundwater quality for drinking purpose

For evaluation of groundwater quality for drinking
purpose six parameters were considered. The statis-
tical summary of these drinking water parameters
are shown in Table 2.

pH

In study area the pH ranges from 7.55 in Barwala to
8.77 in Delhi College of Engineering. It defines that
the water in the study area varied from brackish to
saline water. Figure 2 shows the spatial distribution
of pH in the study area.

Total Hardness

Table 2. Statistical Summary of Parameters of Groundwater Quality

Parameters Units Minimum Maximum Mean Std. Deviation

Calcium mg/L 8.0 513 155.41 154.16
Chloride mg/L 85 2204 700.25 904.05
Nitrate mg/L 1.61 710 100.15 129.63
pH - 7.55 8.77 7.86 0.54
Total Hardness mg/L 185 2536 887.75 780.57
Total Alkalinity mg/L 2.3 441.45 229.27 132.56

Table 1. The standards and weights assigned to each parameter

S. No. Parameters Standard limits(Si) Weights (wi)

1 pH 6.5-8.5 4
2 Total Hardness( as CaCO3) 200 mg/L 3
3 Total Alkalinity ( as CaCO3) 200mg/L 3
4 Calcium 75 mg/L 4
5 Magnesium 30 mg/L 4
6 Chloride 250 mg/L 5
7 Nitrate 45 mg/L 4
8 Fluoride 1.0 mg/L 2
9 Sulphate 200mg/L 2
10 Sodium* 200 mg/L 1
11 Potassium* 10 mg/L 1

*(In case of sodium and potassium, BIS has not prescribed any standard limit. Here for evaluation of WQI, a limit of
200 mg/L and 10 mg/L are taken for Sodium and Potassium respectively)

In the study area the total hardness varied from a
minimum value of 185 mg/L in Nizamuddin
Bridge-2 to 2536 mg/L in Barwala. Figure 3 shows
the spatial distribution of total hardness in the study
area.

Total Alkalinity

In the study area the total alkalinity in the ground-

Fig. 2. Spatial Distribution of pH
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water varied from a minimum value of 2.3 mg/L in
Chilla Regulator to a maximum value of 441.45 mg/
L in Dwarka Sector-16. It can be concluded that the
groundwater in the study area was having alkalin-
ity within permissible range. Figure 4 shows the

Fig 3: Spatial Distribution of TH

spatial distribution of total alkalinity in the study
area.

Calcium

The distribution of calcium in study area varied

Fig. 4. Spatial Distribution of TA

Fig. 5. Spatial Distribution of Calcium

Fig. 6. Spatial Distribution of Chloride

Table 3. WQI of the stations

S.No Stations WQI S.No Stations WQI

1 Akshardham Temple 144.79 15 Barwala 432.07
2 Chilla Regulator 46.71 16 Bawana 123.48
3 Nizamuddin Bridge-2 68.53 17 Delhi College of Engineering 124.19
4 India gate 399.73 18 Hareoli 183.14
5 Lodhi Garden 145.79 19 Rohini Sector – 11 147.73
6 Safdarjung tomb 133.23 20 Singhola 247.08
7 Burarai 45.71 21 Asola 61.90
8 ISBT (Kashmiri Gate) 202.7 22 Hauz Khas 368.98
9 Majanu Ka Tila 150.01 23 Daulatpur 302.45
10 Ushmanpur 99.85 24 Dwarka Sec-16 105.17
11 Wazirabad 76.56 25 PUSA 132.86
12 Auchandi 158.99 26 Tagore Garden 578.39
13 Bakoli 238.18 27 Janakpuri 557.03
14 Balswa Lake 303.87 28 Peera Garhi Pz 116.08
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from 8 mg/L in Dwarka Sector-16 to 513 mg/L in
Janakpuri. The spatial distribution of calcium in the
study area is shown in Fig 5.

Chloride

The concentration of chloride in groundwater in the
study area varied from 85 mg/L in Burari  to 2204
mg/L in Tagore Garden. The spatial distribution of
chloride in the study area is shown in Fig 6. It shows
that North West part of the study area had high con-
centrations of chloride in groundwater. High con-
centrations of chloride in groundwater may be re-
sult of sewage pollution, leaching of saline residues
in the soil.

Nitrate

The concentration of nitrate in study area was vary-
ing from 1.61 mg/L in Burarai to 710 mg/L in Hauz
Khas. The spatial distribution of nitrate in the study
area is shown in Fig 7.

Water Quality Index

In this study water quality index (WQI) is computed
for drinking water using eleven water quality pa-
rameters and their BIS standards. The WQI of all the
stations are given in Table 3. The spatial distribution
of the WQI for the study area is shown in Fig. 8. The

Fig 7: Spatial Distribution of Nitrate

computed water quality index values in the study
area varied from 45.71 in Burarai to 578.39 in Tagore
Garden. The groundwater quality can be catego-
rized from “excellent” to “water suitable for drink-
ing” on the basis of these computed WQI values.
Majority of the sampling stations, i.e 42.9% were
having poor groundwater quality. They include ar-
eas from East Delhi, New Delhi, North Delhi and
North East Delhi. In these parts, the quality of
groundwater might be improved by the infiltration
of fresh water during the monsoon. Table 4 shows
the number of samples and their percentages falling
under each category.

Table 4. Water quality classification based on WQI

WQI Water No. of Percent
Quality Samples (%)

<50 Excellent 02 7.1
50-100 Good 04 14.3
100-200 Poor 12 42.9
200-300 Very Poor 03 10.7
>300 Unsuitable 07 25

Fig. 8. Spatial distribution of WQI

Conclusion

In this study the GIS technology has been combined
with the groundwater quality data of NCT Delhi
obtained from CGWB for the year 2015. The gener-
ated map shows the spatial distribution of drinking
water quality parameters. The spatial distribution
map showed that majority of study area had pH,
total alkalinity and calcium lying in the permissible
limit in the study area. The spatial distribution map
of total hardness reveals that the groundwater in the
study area was in the category of hard to very hard
water. About 78.6% of the area under the study
comes under poor to unsuitable for drinking cat-
egory as revealed by the WQI studies. These maps
could be proved useful to the decision makers and
planners for rehabilitation of groundwater quality
in the area as well as for groundwater quality devel-
opment.
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