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Abstract

There are both open and closed bore wells. This research focuses on evaluating the groundwater quality
in Jaipur by utilizing the Water Quality Index. For this comprehensive study, 22 water samples were
meticulously collected from open and closed bore wells distributed across 22 different blocks within
the district. The analysis involved measuring key physicochemical parameters, including pH, electrical
conductivity, temperature, total dissolved solids, and salinity. These parameters were chosen due to
their significant impact on water quality and their relevance to public health. The average water quality
characteristics over the entire study period were used to calculate the Water Quality Index. The results
of the study reveal that none of the sampled locations exhibit groundwater quality that is considered
excellent for consumption purposes. This study’s findings are crucial as they highlight the pressing
need for improved water quality management in the Jaipur district. The data and insights derived from
this research will assist planners and policymakers in identifying specific areas where intervention is
needed. Furthermore, the study emphasizes the importance of implementing strategic measures to
enhance water quality and ensure the sustainable extraction of groundwater resources in Jaipur. Such
actions are essential for safeguarding public health and ensuring the long-term availability of clean
drinking water in the region.
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INTRODUCTION

Groundwater is a vital component of the Earth’s water cycle, representing the water that infiltrates
through the layers of rocks and soil, eventually accumulating below the surface. This subterranean water
resides in geological formations known as aquifers, which are typically composed of materials such as
gravel, sand, sandstone, or limestone. These rocks are characterized by their large, interconnected pores,
making them porous and allowing water to flow through them efficiently [1-3].

Within an aquifer, the saturated zone is the
specific area where water fills the spaces between
the particles of rock and soil, effectively storing
significant quantities of water. The upper boundary
of this saturated zone is known as the water table,
which indicates the depth below the ground surface
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at which groundwater is located. The position of the
water table can vary dramatically, ranging from just
a foot below the surface to several hundred meters
deep, depending on factors such as topography,
geology, and climatic conditions. The dynamics of
the water table are influenced by various
environmental and human activities. Heavy rainfall
can lead to a rise in the water table as the increased
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volume of water infiltrates the ground and recharges the aquifer. Conversely, extensive and persistent
extraction of groundwater for agricultural, industrial, or domestic use can result in a significant lowering
of the water table. This fluctuation in the water table level is a critical aspect of groundwater
management, as it impacts the availability of water resources for ecosystems and human consumption.
Understanding the characteristics and behavior of aquifers and the water table is essential for effective
water resource management. It helps in planning sustainable extraction practices, ensuring the long-
term availability of groundwater, and protecting the health of both natural ecosystems and human
communities that depend on this crucial resource [4-8].

Ground Water Availability

The country’s water resource potential, or annual water availability, in terms of natural river runoff
(flow), is around 1,869 billion cubic meters (BCM) per year. However, the country’s usable water
resources have been estimated at 1,123 BCM per year. This is owing to topographic restrictions and
uneven resource distribution throughout river basins, making it impossible to harvest the total available
1,869 BCM/year. After allocating 35 BCM for natural discharge, the net annual groundwater
availability for the country stands at 398 BCM. Rainfall contributes 68% to the country’s annual
groundwater resources, while other sources like canal seepage, return flow from irrigation, and recharge
from tanks, ponds, and water conservation structures make up the remaining 32%. The growing
population has led to a decline in the national per capita annual water availability, dropping from 1,816
cubic meters in 2001 to 1,544 cubic meters in 2011, marking a 15% reduction. Approximately 70% of
our planet's surface is covered with water, while the remaining 30% consists of dry land. Aside from
such a large volume of water, there are also several underground water reservoirs; however, the main
challenge in using this water is the difficulty in accessing it. Due to tremendous advancements in science
and technology, the need for water has climbed to a much higher level than it was previously, resulting
in a demand for underground water usage. Groundwater reservoirs are significantly purer and safer
compared to typical surface water resources. Groundwater plays a crucial role in human life, and with
increasing water demands, it is imperative to utilize this resource effectively. Below are details
regarding various groundwater reservoirs [9-15].

Global Water Distribution and Groundwater Availability in India

The Earth's total water volume is approximately 1.36 x 10° km?®. Of this, only about 8.336 x 10° km? is
stored as groundwater, which is roughly 0.62% of the Earth's total water. Of the 8.336 x 10° km? of
groundwater, around 4.168 x 10° km? is found within the upper 0.8 km of the Earth’s crust, with the
remaining 4.168 x 10° km? located in deeper strata beyond 0.8 km. Globally, 97.5% of water is contained
in the oceans, leaving only 2.5% as freshwater. Of this freshwater, 68.7% is locked in glaciers, 30.1% is
groundwater, 0.8% is in permafrost, and 0.4% is found in surface and atmospheric water [16, 17].

Out of the 0.4% of surface and atmospheric water, 67.4% is in freshwater lakes, 12.2% is in soil
moisture, 9.5% is atmospheric water, 8.5% is in wetlands, 1.6% is in rivers, and the rest 0.8%, is
biological water. According to the Ministry of Water Resources, Government of India, the country's
total annual replenishable groundwater resource is estimated to be 433 billion cubic meters (BCM). Of
this, approximately 34 BCM accounts for natural outflow. As a result, the country’s net annual
groundwater resource is approximately 399 billion cubic meters. The total yearly removal of
groundwater is calculated at 231 BCM. Out of the 231 BCM withdrawn annually, 213 BCM is used for
irrigation, while the remaining 18 BCM is removed for domestic usage. Infiltration enables a substantial
amount of precipitation that lands on the earth’s surface to seep into the ground. The infiltrated water
is retained within the pores of subsurface soil layers. Groundwater refers to the water stored in these
soil pores below the earth’s surface. Groundwater hydrology examines the presence, distribution, and
movement of this water, focusing on how it is stored in the soil voids beneath the Earth’s surface and
its interaction with surface water. Soil is considered saturated when all its pores are completely filled
with water. Porosity refers to the ratio of the volume of voids to the total volume of the soil matrix,
indicating the amount of empty space within the soil [18-23].
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Hydrogeological Formations and Groundwater

The behavior of groundwater in the Indian subcontinent is intricate due to the varied geological
formations, substantial lithological and chronological differences, a complex tectonic structure, climatic
variations, and diverse hydrochemical conditions. Research indicates that aquifer groups in soft or alluvial
rocks can extend beyond the borders of surface basins. Based on the distinct hydraulics of groundwater,
rock formations can be classified into two main categories: porous formations and fissured formations [24].

Sources of Water

Water sources are classified into surface water and subsurface water. Surface water includes any
water present on the land's surface, whether moving (such as streams and rivers) or stationary (such as
lakes, reservoirs, and ponds). This water originates from precipitation runoff and natural groundwater
seepage, encompassing all water that is exposed to the atmosphere and subject to surface runoff. That
definition distinguishes surface water from both groundwater and ocean water. Patterns of surface
runoff are described in terms of land areas that drain rainfall and melting snow to a certain point in a
river or stream. These land areas can be referred to as drainage areas, drainage basins, catchments, or
watersheds. Each watershed is bound by relatively high ground called a divide, which separates it from
other watersheds. Groundwater from springs and seeps also contributes flow to most streams. This is
often referred to as base flow. If the adjacent water table is at a level higher than the water surface of
the stream, water from the water table flows to the stream. When the water table is lower than the
surface level of a stream, the stream will replenish the groundwater. The pattern of flowing to or from
the stream can vary according to the seasonal fluctuation of the water table. Many streams would dry
up shortly after a rain if it were not for groundwater flow. Subsurface water: Groundwater is a crucial
water resource globally, with its usage expanding in irrigation, industries, municipal services, and rural
water supply schemes. This water is stored in geological formations called aquifers, which are layers of
rock or sediment that hold enough permeable material to produce substantial amounts of water. The
groundwater system is comprised of wells, springs, and infiltration galleries, all of which are integral
to accessing this vital resource [25, 26].

The quality of groundwater is uniform and is free from turbidity and color. Generally, groundwater
contains cations such as calcium, magnesium, iron, and manganese, as well as anions like bicarbonate,
carbonate, and chloride.

Source Selection

Selecting sources for water supply involves evaluating factors such as hydrology, water quality,
reliability, cost, and environmental and social impacts. Specifically, the following considerations should
be included when studying water supply sources [27].

Groundwater
e Aquifer characteristics
Safe aquifer yield
Permissible drawdown
Water quality
Sources of contamination
Saltwater intrusion
Type and extent of recharge area
Rate of recharge
Water rights

STUDY AREA
Jaipur, the capital of Rajasthan, India, is the country's tenth most populous city. Situated at 26°54'N
latitude and 75°49'E longitude, Jaipur experiences a continental climate with extreme temperatures in
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both summer and winter, and low to moderate relative humidity. The city records its highest mean
monthly maximum temperature of 40.6°C in May and its lowest mean monthly temperature of 8.3°C in
January. Jaipur receives the majority of its rainfall, 90%, during the monsoon season from June to
September, with an average annual rainfall of 567.70 mm. Studies indicate that the probability of
exceeding the average annual rainfall in Jaipur is about 25%, with a normal drought probability of
19.4%, and the likelihood of severe droughts being almost negligible [28].

Given the scarcity of perennial surface water sources, groundwater resources are especially vital for
Jaipur. A 2011 study by the State Ground State Board revealed that Jaipur relies on groundwater for
86% of its potable water supply. Over the past thirty years, the water table in Jaipur has significantly
declined and continues to do so at an alarming rate, with increasing nitrate concentrations in the
groundwater. If current rates of groundwater extraction and pollution continue, the groundwater
resources in many parts of Jaipur are at risk of being substantially depleted in the near future.

The physiography and landforms of Rajasthan, including Jaipur, are heavily influenced by the
Aravalli hill range, which is the oldest mountain chain in India, trending NE-SW. The heights of the
Aravalli ranges vary between 600 meters and over 900 meters above mean sea level. The quartzite
formations create prominent scarps, and near Ajmer, these hills branch into several parallel ridges. At
Mount Abu, the granite peaks reach their highest elevation at 1,722 meters (mean sea level) at Guru
Shikhar [29].

MATERIALS AND METHODS
Experimental Details

Groundwater quality parameter experiment was conducted in the field condition as well as laboratory
condition. Experiment on groundwater quality parameter in field test under field condition: In ground
water studies, one of the most important issues is the quality of the groundwater. The quality of the
groundwater in Jaipur city declined as a result of the city’s fast industrialization and urbanization. Twenty-
two groundwater samples were taken from different hand pumps across various blocks in Jaipur City.

Sampling using the grab sampling method was carried out manually for collecting groundwater
samples. Samples were collected in glass bottles of 500 ml capacity with stoppers. Before collection of
samples, bottles were washed with 2% nitric acid and thoroughly rinsed with distilled water two times,
dried, and then preserved in a clean place. At the time of sample collection, the bottles were filled,
leaving no air space, and were then sealed to prevent any leakage. Each sample bottle was distinctly
labeled with self-adhesive tags containing the sample number, type, collection date and time, location,
and source type. All samples underwent laboratory testing [30].

RESULTS AND DISCUSSION

Both field and laboratory experiments under field conditions and controlled results are presented and
will be followed by a discussion on the results of an experimental part. It was observed that the
temperature value of groundwater was variable in the range 26.8°C to 33.7°C. The temperature was
almost with an average value of 30.09°C. Statistical summary of all physical water quality parameters:
it was observed that the PH value of groundwater was variable in the range of 6.19 to 8.42. The average
value of pH is 7.8. It was observed that the TDS value of groundwater was variable in the range of 490
ppm to 1632 ppm. The average value of TDS is 883.45 ppm (Figure 1).

In the first phase, an experiment was carried out on groundwater quality parameters under the field
conditions. The salient findings of the experiment were as below:

e The average value of pH is 7.8.

e The average value of TDS is 883.45 ppm.

e The average temperature is 29.90°C
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Variation in pH and temperature of different location
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Figure 1. Variation in pH, TDS, and temperature of different location points.

In the second phase, an experiment was carried out on groundwater quality parameters under
laboratory-controlled conditions. The salient findings of the experiment (Figure 2) were as below:
The average value of pH is 7.86.
The average value of TDS is 880.04 ppm.
The average value of salinity is 0.17%.
The average value of EC is 1583.09 us/cm.
The average temperature is 30.90°C
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Variation in pH and temperature with blocks
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Variation in EC and temperature with blocks
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Figure 2. Variation in pH, TDS, salinity, EC, and temperature with different blocks.

CONCLUSIONS

Based on the present investigation in the Jaipur district, and according to the available data, it has
been concluded that the excessive concentrations of electrical conductivity (EC) and total dissolved
solids (TDS) render the groundwater unsuitable for drinking purposes in certain blocks. These elevated
levels of EC and TDS can have detrimental effects on human health if consumed without proper
treatment. Therefore, it is imperative to implement effective treatment methods to reduce these
concentrations to acceptable levels before the groundwater can be deemed safe for consumption. This
might involve the use of advanced filtration systems, reverse osmosis, or other purification technologies
designed to remove or significantly reduce the presence of dissolved solids and salts. Moreover, regular
monitoring and assessment of groundwater quality should be conducted to ensure the effectiveness of
the treatment processes and to prevent future contamination. Public awareness campaigns are also
essential to inform local communities about the potential risks of consuming untreated groundwater and
the importance of adhering to safe water practices. Additionally, sustainable groundwater management
practices should be adopted to prevent over-extraction, which can exacerbate the concentration of
contaminants. This includes the promotion of water conservation techniques, efficient irrigation
practices, and the development of policies to regulate groundwater use.

In conclusion, addressing the issues of high EC and TDS levels in the groundwater of Jaipur district
requires a multi-faceted approach involving immediate treatment, continuous monitoring, public
education, and sustainable management practices. These measures are crucial to ensure the provision
of safe and clean drinking water for the residents of the affected areas, thereby safeguarding public
health and promoting overall well-being.
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