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Abstract

This study investigates the groundwater quality in the Bhopal district, located
in the Madhya Pradesh state of India. The water quality parameters spatial
distribution map is created using QGIS Desktop 3.22.16. The research aims
to calculate the groundwater suitability for purposes of drinking by collecting
47 samples from various locations within the district. The analysis includes
eleven parameters related to groundwater quality, which is pH, Turbidity,
Alkalinity, Total Dissolved Solids, Electrical Conductivity, Calcium Hardness,
Total Hardness, Magnesium Hardness, Chloride, Sulphate, and Iron. Water
Quality Index (WQI) has been computed to classify the ground water quality
of the study area. Finally, a correlation matrix has been generated to explore
the linear relationships between various water quality parameters, using
correlation coefficients (r) as indicators of association. The present study
shows that almost 80% of the quality is suitable for drinking, and about 20 %
of the quality are under poor quality that needs treatment before consumption
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and at two locations the quality is very poor that needs urgent treatment.

Introduction

The primary sources of drinking water in Bhopal
include the Upper Lake and the Narmada River,
complemented by groundwater. Water is the
basic requirements of all life on Earth.' Regular
monitoring of groundwater quality is crucial due
to its significance in the city's water supply. Once
groundwater is contaminated, restoring it becomes
challenging, making preventive measures essential.’
Over time, there has been a noticeable decline in

groundwater quality attributed to both anthropogenic
and natural factors. Anthropogenic factors, such as
industrial and domestic waste disposal, agricultural
runoff, etc., and natural factors, including geological
formations, weathering of rocks, and mineral
leaching, contribute to groundwater contamination.
Improper management of water resources and
environmental degradation are leading to a fresh
water crisis.?'® This decline in groundwater quality can
led to serious consequences for both human health
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and the environment. Contaminated groundwater
can pose a risk to public health by exposing
individuals to harmful chemicals and pollutants. In
addition, polluted groundwater can have detrimental
effects on ecosystems, affecting aquatic life and
vegetation. Monitoring groundwater quality through
regular testing and analysis can help identify potential
sources of contamination and guide remediation
efforts. Groundwater is used for various purposes
of domestic, agricultural and industrial water all
over the world.® According to a report of World
Health Organization (WHO), almost 80% diseases
are due to poor water quality consumed by human
beings in the year of 2017." Groundwater fulfils more
than 40% of the world’s domestic water demand and
around 50% of agricultural water demands.?

In recent years, the GIS (Geographic Information
System) approach, along with the IDW (inverse
distance weighted) interpolation approach, is
the simple and best approach for estimating and
analysing spatial data.>'® GIS allows for several
sources of data integration, like satellite imagery
and topographic maps, to create accurate and
detailed spatial representations. These tools have
revolutionized the way of handling large data,
allowing more informed decision-making and
effective planning. In this study to find the value of
unknown points IDW interpolation has been used.
The IDW interpolation method, assigns values
to unknown locations on the basis of a weighted
average of the known values surrounding them,
making it a reliable tool for spatial data interpolation.
The hydrologic operations and status of groundwater
systems are intricate and challenging to comprehend
without the assistance of computer tools.®'s Together,
GIS and IDW provide a powerful combination
that is widely used in fields like urban planning,
environmental management, and epidemiology for
making informed decisions and predictions. The
Geographic Information System (GIS) technology
has been combined with the groundwater quality
data of the Bhopal district to present the variation
of ground water quality.

In the present work, QGIS Desktop 3.22.16 is
employed to create the map of 11 physiochemical
water quality parameters in the Bhopal district. The
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research involves the analysis of 47 groundwater
samples, which are compared against the standards
set by the BIS and IS 10500: 2012. Groundwater
quality is governed by Chemical, biological and
physical parameters.* Maps of various water quality
parameters have been prepared using QGIS.
These maps allows us to visually identify areas
of concern and prioritize where interventions are
needed to improve water quality. By examining the
spatial distribution of water quality parameters, we
can better target our efforts towards sustainable
water management practices. A comprehensive
assessment is performed using a single parameter
known as the WQI, a unitless number that offers a
simplified representation of the overall water quality
by condensing complex water quality parameters
into easily understandable information. The spatial
distribution map generated in this study provides
a visual representation of the variations in water
quality across the Bhopal district. These maps can
be used as a tool for the various water resources
planning and decision making works to identify areas
with poor water quality and prioritize interventions.

Study Area

Bhopal, is a central Indian city located in the Madhya
Pradesh state of India, and serves as the capital of
the state. The study area spans from North latitudes
23°05'N to 22°54'N and East longitudes 77°10'E to
77°40'E, covering an approximate area of 2772 km?.
According to the Survey of India Topo Sheet, Bhopal
is located in Sheet No. 55 E. The district experiences
an annual average rainfall of approximately 1126.7
mm. Bhopal district comprises two Tehsils (Huzur
and Berasia) and two Blocks (Phanda and Berasia),
as depicted in Figure 1. As per the 2011 census
of India, the population of Bhopal district was
recorded as 23,71,061. The topography of Bhopal
district is characterized by undulating features, being
part of the Malwa Plateau. The district includes
two river sub-basins; the Betwa River sub-basin
occupies 82% of the area, while the lower Chambal
basin comprises the remaining 18%. Approximately
three-fourths of the district is covered with Black
cotton soil, while the remaining part is characterized
by yellowish-red mixed soil." Notably, the Betwa and
Narmada rivers are significant water bodies flowing
through Bhopal.



KUMAR & VERMA, Curr. World Environ., Vol. 19(1) 404-415 (2024)

74°24'E 83°42'E

406

76°30°'E 81°0°E

INDIA

330N

220N

11°0'N

0 500 1,000 1,500 km

—— —

Madhya Pradesh

28°0'N

24°0N

20°0'N

150 300 450 km

!

74°24°
770

83°42'E 93°0°E

76°30°E
77°30°E

81°0°E
78°0°E

Bhopal

N.ZbeET

NAZoET

N9eEL

23°42'N

23°04'N

+  Sampling Points

23%6'N

77°0°E

77°30°E

7890

Fig. 1: Study area map including sampling location

Materials and Methodology

The methodology involves the water samples
collection along with analysis, subsequently
followed by the computation of the WQI to calculate
the groundwater overall quality in the district.
Groundwater samples are collected from several
locations in the district in PET (polyethylene
terephthalate) plastic bottles, before collecting the
samples of water the bottles are cleaned with distilled
water. These samples are tested in 5 MGD Nagar

Nigam laboratory Arera Hills Bhopal. Additionally,
some data were sourced from the same laboratory.
The sampling locations are marked using Qfield, an
open-source mobile GIS (geographic information
system) app, which is based on the QGIS desktop.
Qfield helps the user to add and edit features and use
GPS to capture and update location information. This
app facilitated the addition and editing of features, as
well as the use of GPS for capturing and updating
location information.
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A total of 47 samples were gathered and tested,
and the parameters included pH, TDS, Turbidity,
Alkalinity, Electrical Conductivity, Calcium Hardness,
Total Hardness, Magnesium Hardness, Chloride,
Sulphate, and Iron. Geographic Information Systems
are widely used tools and methods for storing,
organizing, analysing, and displaying massive
datasets that include information about time, space,
and non-spatial attributes.® A spatial distribution map
for these parameters was prepared using the Inverse
Distance Weightage (IDW) technique through QGIS
desktop 3.22.16, an open-source GIS software
enabling the creation, editing, and visualization of
geospatial data.

For the efficient management of the extensive
dataset, a singular parameter, WQI, was computed.
The Water Quality Index sorts water into several
classifications such as excellent, good, poor, very
poor, and unsuitable, depending on its numerical
value. Subsequently, a correlation matrix for the
water quality parameters was generated using
MS Excel 2016. This matrix serves as a statistical
measure, indicating the strength and direction of the
linear associations among various variables. Utilizing
the correlation coefficient, varies in the ranges of -1
to +1, these relationships are interpreted, with +1
signifying a perfect positive linear relationship and
-1 show a perfect negative relationship.

Inverse Distance Weighted Interpolation

For the Interpolation process, the shapefile for the
study area is acquired from the Survey of India
website. All the sampling points have been shown
on the map of study area, and data on water quality
parameters were imported into the QGIS project.
Utilizing the IDW (Inverse Distance Weightage)
interpolation technique, a spatial distribution map
was generated based on these data, as shown in
figures no. 2 to 12. A groundwater quality map is an
important tool for assessing the drinkability of water
and as a preventive measure for identifying possible
environmental health issues in any city.2?" In IDW
interpolation, a weight is assigned to the point being
measured, and this weight depends on how far
away the point is from another unknown point. This
technique provides a smooth visual representation
of all the water quality parameters across the study
area. The IDW interpolation method is particularly
useful when there are limited data points available,
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as it estimates values for the unsampled locations
based on the nearby sampled points. By assigning
weightage based on distance, the interpolation
ensures that points closer to each other have a
stronger influence on the estimated values, providing
a more accurate representation of the water quality
parameter's spatial distribution. The mapping of the
groundwater quality shows the variation groundwater
quality of the study area.?

The expression of IDW is: -
K(So) = » AiK(Si)
%

K(Si) = The tested value of ith point
Ai = An unknown weight for the tested value at ith
point.

So = the prediction points.
n = The number of measured values.

Result and Discussion

The results of interpolation are shown in the figure
below from figure no. 2 to Figure no. 12. The analysis
of various physiochemical and interpolation results
provides valuable insight into these parameters
at various locations. The various water quality
parameters observed for the groundwater analysis
has been discussed below: -

pH

The pH is a measurement that reflects the hydrogen
ions concentration (H+) in a solution, also referred
to as the hydronium ion concentration (H3O+).
The examination of the outcomes reveals that
the pH ranges from 6.57 to 8.52, aligning with the
acceptable limits prescribed by Indian standards.
Figure 2 shows the variation of pH in study area.

Total Dissolved Solid (TDS)

TDS represents the concentration of all inorganic
and organic substances that are present in the water
sample. The analysis of data shows that the TDS
varies among 105mg/l to 701mg/l, which exceeds
the permissible threshold by a small margin in
Mishrod,11-mile, awadhpuri, minal residency, and
sukaliya area but are within the permissible limit
(500mg/I to 2000 mg/1). Figure 3 shows the variation
of TDS in the area of research.
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Turbidity

Turbidity is defined as the extent to which light is
either scattered or observed due to the existence of
suspended particles in water. The analysis of data
shows that the turbidity varies between 0.4 NTU to
9.2 NTU. The turbidity at certain locations is higher
than the permissible limit (1.0 NTU to 5.0 NTU) in
Mishrod, M.P Nagar, Neelbad and Indrapuri area.
Figure 4 illustrate the variation of Turbidity in the
research area.

Electrical Conductivity

Itis a measure of the amount of solid substances that
are dissolved in water. It is defined as the ability to
conduct the electric current through the solution. The
analysis of data shows that the electrical conductivity
varies between 147 uS/cm to 981 ps/cm. Some
areas with higher electrical conductivity than the
permissible limit which shows the high dissolved
mineral content. The permissible limit of electrical
conductivity for drinking purposes is 750 us/cm.
Figure 5 illustrate the variation of EC in study area.
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Alkalinity

Alkalinity may be defined as the ability to neutralize
the H+ ion or acidity. The analysis of data shows
that the alkalinity varies between 82mg/I to 451 mgl/l.
The alkalinity is higher than acceptable limit (200
mg/l) in Berkatulla university, mishrod, 11-miles,
anand nagar, awadhpuri, minal residency, sahara
bypass, Sukaliya, and pipalkhedi area. The major
ions responsible for alkalinity are CO,?, HCO,",
and OH-1. Figure 6 shows the variation of alkalinity.

Total Hardness

The degree to which water can destroy the surfactant
properties of shops is known as its hardness.
The analysis of the data shows that the hardness
varies between 92mg/l to 460mg/l, that is greater
than the permissible limit (200mg/l) in mishrod,
11-miles, anand nagar, awadhpuri, govindpura,
minal residency, sahara bypass, pipalkhedi areas.
Ca*? and Mg*? are the major ions responsible for
hardness, and the leaching of minerals into the
groundwater is also responsible for the hardness
of the groundwater. The hardness variation in the
research area is shown in Figure 7.

Calcium Hardness

Calcium hardness primarily arises from the presence
of Ca*? ions in the water sample. In this research,
the calcium ion concentration differs in the range
of 19.2mg/l to 140mg/l, which is in the permissible
range, as per IS 10500: 2012 the permissible range
for the Calcium hardness is 75 mg/l to 200 mg/l.
The variation of calcium ion concentration area is
shown in Figure 8.

Magnesium Hardness

In the study area, the magnesium hardness ranges
from 8.6 mg/l to 79.2mg/l. As per IS 10500: 2012
the permissible range for the magnesium hardness
ranges from 30 mg/l to 100 mg/l. Therefore
Magnesium hardness is also within the permissible
range. Figure nine shows variation of the magnesium
hardness in study area.

Chloride

The chloride in the groundwater is due to agricultural
runoff and the natural weathering of rocks. The study
area's chloride levels range from 16mg/l to 150mg/I,
which is within the acceptable limit. As per IS 10500
the acceptable limit of chloride is 250 mg/litre and

permissible range of chloride is from 250 mg/l to
1000mg/I for the drinking purpose. Figure 10 shows
the fluctuation in chloride levels in the study area.

Sulphate

Sulphate in the ground water is mainly due to the
agricultural practices and industrial activities. On
the In the study area, the sulphate level varies from
12mg/I to 102 mg/l, which are within the acceptable
range. On the outskirts of the city, agriculture is the
main activity, and in the city, there are industries that
may contribute to the sulphate in the groundwater.
Figure 11 shows the fluctuation in sulphate levels
in the study area.

Iron

The iron concentration fluctuates within the range
of 0.01mg/l to 5.8mg/l. Bhopal district is a part
of the Malwa plateau, which comprises the Vindhyan
Hills and the Narmada Valley. The geology of
the Malwa plateau plays a important role in the
presence of a high iron content in the groundwater of
Bhopal district. The unique geology and topography
of the region ultimately influence the distribution
of iron in the groundwater. Understanding how the
Vindhyan Hills and Narmada Valley contribute to
the hydrogeological conditions in Bhopal can help
us identify potential solutions for addressing water
quality issues. Figure 12 illustrates the variation in
iron concentration across the study area. Table - 1.
lllustrate the Statistical analysis of physiochemical
parameter of all the observed water quality
parameters and their standard permissible limit as
per the BIS and WHO.

Water Quality Index Calculation

WQI is a comprehensive index that evaluates
quality of water by incorporating physical, chemical,
and biological characteristics into a single index.
It is a unitless number varying between 0 to 100,
that is used to represent the total quality of the
water and translate numerous and complex water
quality variables into information which is easy
to comprehend. A WQI was developed by Brown
et al. (1970) by giving appropriate weights to the
factors through their investigation of different water
quality parameters.” Analyzing water quality metrics
is crucial for routine monitoring and assessing
the natural conditions."'” The calculation of WQI
includes two main source, the first one is IS 10500:
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2012 specification recommended BIS (Bureau of
Indian Standards') and second one is the weighted
arithmetic index method described by Brown and
colleagues in 1972. The quality of water has an
inherent relationship to the well-being of humans, the
elimination of poverty, the assurance of food security,
the sustainability of livelihoods, the preservation of
ecosystems, as well as the acceleration of economic
growth.'®'8 The BIS's recommended specifications
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for water quality provide a comprehensive set of
guidelines that ensure the safety and suitability of
water for various purposes. These specifications
take into account parameters such as pH levels,
Hardness, turbidity, and the presence of harmful
substances like heavy metals and pathogens. By
adhering to these standards, the WQI can accurately
assess the overall health of a water body and identify
any potential risks or issues.?%!

Table 1: Statistical study of physiochemical parameter of BIS and WHO standards

Parameters (unit) BIS WHO Min. Max. Avg. S.D

pH 6.50-8.50 7.0-8.0 6.57 8.52 7.540851 0.462017
TDS (mg/l) 500-2000 600-1000 105 701 302.4043 180.1202
Turbidity (NTU) 1.0-5.0 1.0-5.0 0.4 9.2 2.334043 2.132897
EC (puS/cm) 750-3000 _ 147 981 422.1426 251.6888
Total Alkalinity (mg/l) 200 - 600 _ 82 451 215.0213 102.8442
Total Hardness (mg/l) 200 - 600 200 92 460 224.9447 110.6491
Ca*2 (mg/l) 75 - 200 100 - 300 19.2 140 53.64426 29.06206
Mg*? (mg/l) 30 - 100 _ 8.6 79.2 24.02 15.95743
Cl (mg/l) 250-1000 250 16 150 58.62298 40.56412
SO4 (mgll) 200 - 400 250 12 102 30.51064 19.74938
Fe (mg/l) 0.3 0.3 0.01 5.8 1.121915 1.446392

Steps for the calculation of WQl

Step 1

The unit weightage factor (Wi) for each parameter
is determined by utilizing equation:

Wi=K/Zi

1 1

Where k= N (D)D) v 1
Zi

z1/) \zz2/ " \zs3 Zn

Zi = Standard desirable value of the nth parameter
as prescribed by BIS

Summation of all the unit weight factors for selected
parameters is uniti.e. Y Wi=1

Step 2

The sub-index value or rating (Qi) is calculated by
the equation:

Qi ={(Yo -Yi)}/((Si -Yi))

Where,

Yo Measured value of the ith parameter.

Yi The optimal value of the ith parameter in pure H,O.
Kn optimal threshold for the ith parameter.

Generally, the optimal values for all parameters
are zero, except for pH and dissolved oxygen. The
optimal pH value is 7, whereas the desired level for
dissolved oxygen is 14.6 mgl/l.

Step 3
The WQI is computed as

WQl =(¥Wi .Qi)/(XWi)

Water is categorized into different classes based on
the calculated WQI value as follows

Table 2: Classification of WQl

wal Classification
0-25 Excellent
26-50 Good

51-75 Poor

76-100 Very poor
>100 Unsuitable
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Figure 13 shows the WQI variation of the study area.
According to the analysis approximately 80% of the
water is of good quality (26 < WQI < 50) and can
be directly taken for drinking purposes without prior
treatment and approx. 20% of the water is of poor
category (51 <WQI < 75) and at very few points very
poor (WQI >100) at sampling location 2 and 18, i.e.
Hathkheda and Dev ki Barkhedi respectively. There
is an urgent need to protect the water quality of these
area otherwise severe health issues may occurs.

Correlation Matrix Analyssis

The correlation matrix shows the relationship
among different water quality parameters and
their respective weights in the calculation of the
WQI. This allows for a more comprehensive and
holistic evaluation of water quality, as it recognizes
the varying importance of different parameters in
determining the overall quality of water. The WQlI is
a valuable tool for water resource management and
decision-making, as it provides a standardized and
objective measure to compare water quality across
different locations and time periods. The Correlation
matrix is generated for the water quality parameters
using MS Excel 2016. The various parameters
considered for the correlation are pH, TDS, Turbidity,
Electrical Conductivity, Total Hardness, Alkalinity,
Magnesium Hardness, Calcium Hardness, Sulphate,

Chloride, and Iron. The correlation coefficient (r)
within the matrix denotes the direction & strength
of the linear relationship among these different
parameters. There is positive relation exist between
EC and TDC as correlation coefficient is 0.99, i.e. if
one parameter increases then the other parameter
also increases in the same direction.

Conclusion

The study of the groundwater parameters of Bhopal
shows that the iron content is more than the standard
limit as prescribed by BIS and WHO, and this is
mainly due to weathering of rocks and leaching of
minerals. At some places alkalinity and hardness
are more than the acceptable limit but within the
permissible limit, due to some agricultural and
industrial activity around the area.

WQI has been calculated with the measured water
quality parameters provides valuable insights on the
overall quality of groundwater. According to the WQl,
80% water quality is good (26 < WQI < 50), 20% poor
category (51 < WQI < 75) and at very few points
severely infected that needs proper treatment before
consumption. Therefore, there is a need of regular
monitoring of water quality and source identification
for poor water quality are very important to address
the problem promptly.
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