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MESSAGE

It is with great pride and a sense of responsibility that I present the Ground
Water Quality in Shallow Aquifers of India Report— 2024, a landmark
initiative by the Central Ground Water Board (CGWB). Groundwater is the lifeline
of our nation, sustaining agriculture, drinking water needs, and industries.
Ensuring its quality and availability is central to our vision of a water-secure and
prosperous India.

For the first time, a Standard Operating Procedure (SOP) for groundwater
quality monitoring has been developed, marking a major step towards scientific
and standardized management of this critical resource. This report, built on
rigorous data collection and analysis, sheds light on the state of groundwater
quality across the country, identifying areas of concern and opportunities for
improvement. The report also highlights the benefits of practices like monsoon
recharge, which show promise in improving water quality. It is our collective duty
to address these issues with innovative solutions, efficient policies, and grassroots
involvement.

This report provides a clear roadmap for action, and I urge all stakeholders—
government agencies, researchers, and citizens—to work together to protect and
preserve our precious groundwater resources. Let us move forward with
determination to ensure clean, safe, and sustainable water for all.I laud the efforts
of the team CGWB, who have put their best to bring out the report. I am confident
that there port would serve as an excellent source material for all the stakeholders
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MESSAGE

I am honoured to share the Ground Water Quality in Shallow Aquifers of India
Report— 2024, a significant accomplishment by the Central Ground Water Board
(CGWBY). Groundwater is a cornerstone of India’s drinking water supply, and its
quality is critical to ensuring the health and well-being of our people.

This report offers a comprehensive assessment of groundwater quality across the
nation, highlighting key challenges such as contamination from nitrates, fluoride,
arsenic, and uranium. It also provides valuable insights into regional and seasonal
variations in groundwater quality, which are essential for guiding sustainable
water management practices.

As we work towards achieving Jal Jeevan Mission, which envisions providing
safe and adequate drinking water to every household, this report serves as a vital
tool for informed planning and action. It underscores the importance of protecting
our groundwater resources*and addressing contamination hotspots to secure clean
and safe water for all.

I commend the CGWB for their dedicated efforts in producing this detailed report
and call upon all stakeholders to use its findings as a foundation for ensuring a
water-secure and healthier future for every citizen.
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(V. Somanna)
Minister of State
27 December, 2024
New Delhi
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MESSAGE

It gives me great pride to share the Ground Water Quality in Shallow Aquifers of
India Report— 2024, a testament to our nation’s commitment to safeguarding
groundwater, one of our most precious resources. This report represents a milestone
in the scientific understanding and management of groundwater quality across the
country.Ground water is an important and critical resource for socio-economic
development of our country. It caters a major share of the domestic, irrigation and
industrial demand of water.

The chemical quality of ground water varies significantly depending upon the nature
and extent of rock-water interaction and also influenced from inputs from sources
which are not related to nature. During recent years ground water contamination is
being reported from aquifers throughout the country affecting its potability with the
constituents exceeding the limits prescribed by BIS.

This report is not just a document—it is a call to action for all of us. It provides
invaluable insights that must guide our efforts to protect and preserve groundwater
for future generations. With collective resolve and scientific innovation, we can
ensure clean and sustainable water for every citizen of our great nation.

This report presents the analytical insights derived from the assessment of
groundwater quality across India, conducted by theCGWB. I commend the Central
Ground Water Board for their dedicated work and urge all stakeholders to use this
report as a foundation for action, moving together toward a water-secure and
prosperous India.
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(Dr. Raj Bhushan Choudhary)
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MESSAGE

It is with great satisfaction that I present the Ground Water Quality Report
of India - 2024, an important contribution by the Central Ground Water
Board (CGWB) to the understanding and management of the nation’s
groundwater resources. This report reflects the continued efforts of CGWB to
ensure the sustainable utilization of this vital resource.

Anewly developed Standard Operating Procedure (SOP) for groundwater
quality monitoring has been introduced. This SOP establishes a standardized
framework for data collection, analysis, and reporting, thereby promoting
uniformity and accuracy in groundwater quality assessments across the
country.

The report provides a detailed analysis of groundwater quality, highlighting
areas of concern such as contamination from nitrates, fluoride, arsenic, and
uranium, as well as its suitability for irrigation based on key indicators like
Sodium Adsorption Ratio (SAR) and Residual Sodium Carbonate (RSC). These
findings offer valuable insights for the sustainable management of
groundwater, addressing challenges related to agricultural practices, drinking
water supply, and resource over-extraction.

The outcomes of this report serve as a significant reference for policymakers,
researchers, and field practitioners, providing a scientific basis for formulating
strategies to mitigate groundwater contamination, enhance recharge, and
manage resource extraction sustainably. It is imperative for all stakeholders—
government bodies, research institutions, and communities—to work together
in addressing identified challenges and ensuring the longevity of groundwater
resources.

I appreciate the efforts of CGWB in preparing this comprehensive report and
encourage its use as a guiding document for informed decision-making and
planning in groundwater management. Let us continue our collective
endeavour towards sustainable groundwater management and resource

security for the nation.
(Debashiee Mukherjee)
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The Ground Water Quality Report in Shallow Aquifers of India-2024 marks a significant
scientific milestone in the assessment and management of groundwater resources across the country.
This report is the first to adopt a Standard Operating Procedure (SOP) for groundwater quality
monitoring, ensuring uniformity in data collection, analysis, and interpretation. The use of
internationally recognized methods further enhances the credibility and technical rigor of the
findings.

The report provides a granular analysis of groundwater quality through background monitoring,
trend analysis, and hotspot identification. With a robust dataset derived from over 15,000
monitoring locations and focused assessments at 4,982 trend stations, the report delivers critical
insights into groundwater quality variations across spatial and temporal scales.

Key findings reveal both challenges and opportunities. Some regions face sporadic contamination
from nitrates, fluoride, arsenic, and uranium. Importantly, the report correlates uranium
contamination with areas of groundwater over-exploitation, highlighting the interplay between
hydrological stress and water quality. Seasonal trends observed in parameters like Electrical
Conductivity (EC) and fluoride provide evidence of monsoon recharge effects, which temporarily
improve water quality.

From an agricultural perspective, the analysis of Sodium Adsorption Ration (SAR) and Residual
Sodium Carbonate (RSC) reinforces the generally favorable suitability of groundwater for
irrigation, with over 81% of samples meeting safe thresholds. However, localized issues of high
sodium content and RSC values demand targeted interventions to prevent long-term soil degradation.

This report serves as a critical scientific baseline for policymakers, researchers and stakeholders
engaged in groundwater management. The data-driven approach and evidence-based findings
provide a foundation for inform decision-making aimed at enhancing groundwater sustainability,
mitigating contamination risks, and promoting adaptive water use practices.

I commend the Central Ground Water Board (CGWB) for their meticulous effort in preparing this
report and urge its wide utilization across domains. As we move forward, the integration of such
scientific knowledge into resource management will be pivotal in ensuring water s urity for the
nation.
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FOREWORD

Being a common pool and hidden resource, and because of a perpetual belief that
groundwater is risk free from pollution and can easily be drawn on demand, exploitation of
groundwater resources in many places in the country has taken place indiscrimuithisly
caring for the consequences that may emerge in the long run. One of the resulting effects is
deteriorated groundwater quality whose sources are hazardous contaminants of geogenic or
anthropogenic origin. Groundwater quality deterioration is emgrgéa grave impinging issue
to scarcity of fresh groundwater resources and thereby to demand management.

Groundwater also plays a significant role in the ecological functions of various
ecosystems. However, as a consequence of population growth, utibanizalustrialization,
irrigation, mining and waste disposal practices, a large number of anthropogenic contaminants
have emerged as serious threat to groundwater resources. At the same time, geogenic
contamination like arsenic, fluoride and uranium bte been reported in groundwater which
have grave implications to human health.

Central Ground Water Board routinely carries out groundwater quality monitoring by
analysing water samples collected from its quality monitoring stations every yeaRephe
on Ground Water Quality in Shallow Aquifers of India, 2024 includes the compilation and
detailed analysis of water quality data generated throughout the country and will surely be helpful
in policy planning as well as dealing with groundwater quagyes in the country.

The sincere efforts of the officers who have put their best to bring out this report is highly
appreciable. | am confident that the report would serve as an excellent source material for the
stakeholders including planners, researstand end users in planning and management of ground
water.

Gt ™

(Dr. Sunil Kumar Ambast)
Chairman
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PREFACE

Groundwater is a priceless resource occurring beneath the surface of earth. The
vulnerability of groundwater to overuse and wajaality degradation was not widely
understood until recently. Monitoring ground water quality in the 21st century is a
challerge because of the large number of chemicals used in our everyday lives,
agriculture and industry that can make their way into our groundwater systems.
Significant advances have been made in almost all phases of groundwater technology in
recent years.

Thequality of groundwater is described in terms of the concentration of some of
the contaminants present in the water, together with certain ptiysioical
characteristics of the water. Since last six decades Central Ground Water Board is
engaged in routinglmonitoring the ground water quality across the country. For the
monitoring of ground water quality monitoring CGWB has a dedicated netwotk of
groundwater quality monitoring stations. From 2024, CGWB has come up with a SOP
for monitoring of ground wateruglity and analysis of groundwater qulity to bring
uniformity in the national and regional groundwater quality reporting.

The Report on Groundwater Quality of Shallow Aquifers in India 2024is a
compilation of the data from groundwater quality monitg during 2023 and provides
insights into the groundwater quality under natural environment as well as impact of
anthropogenic activities. | am sure, this report would be of useful in policy planning and
implementation by scientists, academicians, uggneies, NGOs and Individuals.
Findings of this report will pave ways to ensure quality of this vital natural resource for
sustainable and human development.

| congratulate the contributors for compiling the data and preparing this report in
its present fom. Their efforts are highly commendable.

(& Y

(P. K. Tripath)
Member (N & W)
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Executive Summary

This report presents the findings from the nationwide groundwater quality monitoring
exercise based on a standardized methodology, following the newly established Standard
Operating Procedure (SOP) by the Central Ground Water Board (CGWB). Impdeimen
across India in 2023, this uniform approach aims to establish a comprehensive baseline for
groundwater quality, enabling targeted interventions to address emerging concerns.

x Monitoring and Baseline Establishment A total of 15,259 groundwater monitogn
locations were selected nationwide to assess groundwater quality. These sites form the
foundation for future evaluations, offering a clear baseline for ongoing monitoring efforts.
To examine trends, 25% of the wells, identified as vulnerable to contzonitsed on

BIS 10500 standards, were chosen for detailed analysis. Groundwater quality was sampled
at 4,982 trend stations during preonsoon and poshonsoon periods to assess the impact

of seasonal recharge on groundwater quaitgndard procedures given in APHA, 2012
(Standard Methods for the Examination of Water & Waste Water American Public Health
Association) were used for the sample collection and analysis of water sample.

x Key Findings and Water Quality Parameters:Objective of this report it look into

wide spectrum oihorganic water quality parameters in groundwater used for drinking and

agriculture purpose. Thegsarameters consist gfhy si co ¢ h e mi(Ca,l par ameé
Mg?*, Na', K*, TH, CG?*, HCGOs, CI, SQ? ' F, PO and NQ) and trace elements (As,

Fe and U).Significant concerns have emerged from the analysis, particularly the high
concentrations of nitrate, fluoride, arsenic, and iron in groundwater. Almost 20% of the

samples exceeded the permissible limit for nitrate)ev®i04% of samples had fluoride

levels above the limit. Arsenic contamination was foun8 in% &f samples.

x Regional Variability and Seasonal TrendsGroundwater quality varies considerably
across India. In certain states such as Arunachal Pradesiiam, Meghalayand Jammu

and Kashmir, 100% of the water samples met the BIS standards. In contrast, states like
Rajasthan, Haryana, and Andhra Pradesh faced widespread contamination. Interestingly,
the monsoorseason showed some improvement in water qualdyticularly in areas
affected by high electrical conductivity (E@nd Fluoride Postmonsoon, a modest
reduction in EC leveland Fluoridevas observed in some regions, indicating that monsoon
recharge can temporarily improve water quality by dilusalgs. However, certain districts

such aBarmerand Jodhpur (Rajasthan) showed a rising trend in EC levels, signaling a
deeper issue of groundwater salinization.

x  Hydrochemical Facies andSalinization: In terms of cation chemistry, calcium
dominates the ion content, followed by sodium and potassium. For anions, bicarbonate is
the most prevalent, followed by chloride and sulfate. This catioon distribution further
highlights the role of bicarbonat@ icontributing to high alkalinity levels, which can
exacerbate sodicity when coupled with high sodium concentrattates like Rajasthan

and Guijarat face high chloride concentrations due to the natural hydrochemical processes
at playand Na-Cl type formationsare prevalent. Over long periods, the aquifers have
undergone repeated cycles of wetting and drying. During these cycles, highly sauble

Cl salts become concentrated in the aquifers. When groundwater levels drop, these salts
become encrusted ihd alluvium bed. Upon precipitation or recharge during the monsoon,
these encrusted saltsdessolve into the groundwater, enriching the chloride concentration
and contributing to the increasing salinity levels.
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x Specific Contaminants of Concern:

1 Nitrate Gntamination: States like Rajasthan, Tamil Nadu, and Maharashtra have
some of the highest incidences of nitrate contamination, with over 40% of water
samples exceeding the permissible limit. This is primarily linked to agricultural
runoff and overuse of falizers.

1 Fluoride Contamination: Fluoride concentrations exceeding the permissible limit
are a major concern in Rajasthan, Haryana, Karnatdkdhra Pradestand
Telangana. Although the monsoon season led to some improvement in fluoride
levels in thesetates, the overall contamination levels remain alarmingly high.

1 Elevated arsenic levels (>10 ppb) were found in several states, particularly in the
floodplains of the Ganga and Brahmaputra rivers This includes regions of
West Bengal Jharkhand, Bihar, Uttar Pradesh Assam andManipur, as well
as areas in theunjab, andRajnandgaondistrict in Chhattisgarh.

1 UraniumContaminationA notable concern in the groundwater quality report is the
elevated levels of uranium in several regiof2% of sampleswith uranium
concentrations exceeding 100 ppb came fRajasthan, and30% from Punjab,
indicating regional hotspots of uranium contamination. Moreover, groundwater
samples with uranium concentrations greater than 30 ppb were clustered in areas
identified asOver-exploited, Critical, and SemiCritical groundwater stress
zones such asRajasthan, Gujarat, Haryana, Punjab, Tamil Nadu, Andhra
Pradesh, and Karnataka This overlap points to the exacerbating effect of -over
exploitation and deepening water levels canium contamination in these regions.

1 The states of Rajasthan, Delhi, Gujarat, Haryan, Punjab, Telangana and Andhra
Pradesh and Karnataka are the most severely affected by high EC value in
groundwater.

x rrigation  Suitability: This report presents aomprehensive assessment of
groundwater quality in India fotrrigation suitability. This report evaluates Sodium
Adsorption Ratio (SAR) and Residual Sodium Carbonate (RSC) values, which are key
indicators of water suitability for irrigation.

1 According toSAR classification, 100% of the water samples from regions like
Arunachal Pradesh, Assam, Andaman & Nicobar, Chandigarh UT, Himachal
Pradesh, Kerala, Meghalaya, Nagaland, Pondicherry, and Tripura fall within the
excellent category (S1), meaning the grouathwin these areas is highly suitable
for irrigation.

1 It was found that in Andhra Pradesh, Gujarat, Haryana, Punjab, Rajasthan and
Uttarpradesh 0.96%, 1.27%, 0.34%, 0.76%, 12.38% and 0.14% samples fall in Very
high sodium range and are unsuitable forinseigation practices

1 On the positive side, the majority of groundwater samples from 2022 and 2023 have
low sodium content, which is generally safe for irrigation purposes. This is essential
for ensuring the sustainability of agricultural practices irstmegions.
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1 Nationwide, 81.49% of the groundwater samples had RSC values less than 1.25,
which indicates that the water is safe for use in irrigation. However, 10.43% of
samples were found to have RSC values greater than 2.5, making them unsuitable
for irrigation due to the risk of sodicity and soil degradation.

1 The percentage of unsuitable water samples for irrigation increased slightly from
7.69% in 2022 to 8.07% in 2023, which reflects a concerning trend of increasing
alkalinity and sodicity incertain groundwater sources. This trend suggests a
growing need for targeted interventions to manage water quality, particularly in
areas where alkalinity and salinity levels are rising.

1 The suitability of groundwater for irrigation in India is generaflydrable, with
the majority of samples exhibiting safe levels of sodium and alkalinity. However,
regions with high sodium content (e.g., Rajasthan) and those with rising RSC values
require attention to prevent lostgrm soil degradation. The slight increda the
percentage of unsuitable groundwater samples suggests that careful monitoring and
appropriate management practices should be adopted.

The findings of this report provide a crucial baseline for ongoing efforts to safeguard
groundwater resources india and ensure their sustainability for future generations.
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1. Introduction
Groundwater is a critical source of drinking water, irrigation, and industrial usatgvide.,

especially for rural and seraurban populations.As per the 2021, World Water
Development Report (UNESCO) the global use of freshwater has increaseddadtkover

the past 100 years, with a growth rate of about 1% per year since the 1980s. This increased
water consumption, combined with rapid industrialization, urbanization, and agricultural
activities, has led to severe challenges in water quality worldwndelnalia is no exception.
Groundwater plays a crucial role in meeting the water demands of India. S&tey per

cent groundwater extracted is used in the agricultural sector and about eleven percent in
domestic sectoin India, shallow aquifers are aimary source of water, and their quality

has a direct impact on public health, agricultural productivity, and overall environmental
sustainability.

Despite its importance, groundwater quality in India is increasingly facing degradation.
Groundwater qualy in shallow aquifers in India is under significant threat due to a
combination of natural and anthropogenic factors. With increasing population pressures,
industrial activities, and agricultural practices, maintaining and improving groundwater
guality ha become more challengirfghallow aquifers, in particular, are more susceptible to
contamination due to their proximity to surface activities.

Key factors contributing to this declime groundwater qualitynclude:

Industrialization : Rapid industrial grath, especially in urban areas, has led to the
contamination of groundwater through the discharge of untreated industrial waste, including
heavy metals, chemicals, and solvents.

Agricultural Practices: Excessive use of fertilizers and pesticides in farnmag) resulted
in the infiltration of harmful chemicals into groundwater, leading to nitrate contamination.
Additionally, overextraction of groundwater for irrigation is depleting aquifers and causing
issues like salinization.

Urbanization: As urban areagxpand, improper waste disposal, sewage leakage, and
landfill contamination contribute to the pollution of shallow aquifers. Industrial effluents and
household waste also pose risks to groundwater quality.

Climate Change Changes in precipitation patterausd the oveextraction of groundwater
can affect the natural replenishment of aquifers, leading to deteriorating water quality.

This report is an overview of the chemical ground water quality as obseraealyyging and
interpreting the data obtained fihe samples collected from hydrograph network stattons

Central Ground Water Board, coverithge entirenation taping shallow aquifer



2. Ground Water Quality Monitoring
The report follows the newly introduc&tandard Operating Procedure (SOPgstablished

by theCentral Ground Water Board (CGWB). This is the first time such a uniform SOP

has been implemented across India for groundwater quality monitoring, marking a significant
milestone in standardizing the methodology for data collectioysisaand reporting. The
introduction of the SOP ensures that:

1 Consistency in Methodology By following a standardized procedure for sampling, testing,
and data analysis, the study guarantees that results from all monitoring stations are
comparable.

T Reliable Data Quality: Adhering to the CGWB's SOP enhances the reliability of the data
and ensures that the analysis is based on scientifically robust and consistent methods. This
increases the confidence in the accuracy and validity of the findings, makmgntbee
actionable for decisiomakers and policymakers.

q1Data Reporting: The SOP outlines a standardized format for reporting data, ensuring that
the results from different monitoring stations are comparable and transparent. This also helps
in the consisterinterpretation of findings across diverse regions and seasons, facilitating data
integration and synthesis at the national level.

As per the SOP, the study follows a rigorous methodology for data collection and analysis,
focusing on different types of alyses such asend analysis background analysis and
hotspot identification. The analysis is designed to capture the seasonal andigearends

in groundwater quality, with a specific focus on how contamination levels vary over time and
location.

T1Background Analysis A total of 15,259 monitoring locationshave been selected across

the nation to establish a baseline for groundwater quality. These baseline stations will offer
critical data points on groundwater conditions and the levels of contasipessent in
aquifers at the start of the monitoring program. These stations will be monitored® geang

to track longterm trends in groundwater quality. The data collected will provide an overview
of changes in water quality over time, including #eeumulation of contaminants. The
primary goal is to establish a comprehensive understanding of baseline groundwater
conditions, identify regional patterns of contamination, and help predict trends over the
coming years.

T Trend Analysis: 25% of the monitoring wellsdeemed vulnerable to contamination as per
BIS, 10500 were specifically selected foend analysis Wells identified for trend analysis

will be subject tcannual monitoring to ensure that any significant change in water quality
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is detected earlylhese wells will be monitoreginnually, specifically duringore-monsoon

and postmonsoonperiods. Monitoring at these times is crucial because the monsoon can
influence groundwater quality, both positively (by diluting contaminants) and negatively (by
introducing runoff pollution).

Groundwatesamples were analysed for EaMg ?*, TH, Na, K*, F, CO:*, HCOs , SO4*

CI-Nos‘, SiOo, PO |, EC, PABIIf is wWelb establisked #nat, dArsddic, Fluoride,
Uranium, Nitrate pose serious health risks, either through direct toxicity ortdomg
exposure. EC serves as an indirect measure of water quality and an early warning system for
the presence of other patants. High EC can be indicative of contamination from a variety

of sources, including agricultural runoff, industrial discharge, or saline intrusion. Ingesting
high concentrations of iron in drinking water (particularly in ferrous form) can lead teajaus
vomiting, diarrhea, and stomach cranBecause of their potential health risks, regulatory
importance and role as indicators of broader water quality issues these parameters have been

discussed in the report.

2.1 Data Validation / Data Quality Control
i. Groundwater quality data validation is crucial in ensuring the accuracy, reliability, and
consistency of the information used for assessing groundwater quality.

ii. Checking of Data Consistency: Checking of the data for consistency by comparing the
measurements of a particular parameter over time. This will help identify any changes
in the groundwater quality due to measurement methodology or equipment.

iii. Checking the correlation between EC and TDS:

a. The relationship between the two parametsrsoften described by a constant
(commonly between 0.55 and 0.95 for freshwaters).

b. Thus: TDS (mg/l) ~ (0.55 to 0.95) x EC (mS/cm).

c. The value of the constant varies according to the chemical composition of the water.
For freshwaters, the normal range d0S can be calculated from the following
relationship:

d. 0.55 conductivity (mS/cm) < TDS (mg/l) < 0.95 conductivity (mS/cm).
e. Typically, the constant is high for chloride rich waters and low for sulphate rich waters.
iv. Checking the catioc@anion balance

When a water quality sample has been analysed for the major ionic species, one of the
most important validation tests can be conducted: the eatimmm balance.

Sum of cations = sum of anions

where:
cations = positively charged species in solution (meq/l)
anions = negatively charged species in solution (meg/l)



The Electronic charge balance is expressed as follows:

[ x cakianbsons|
Electronic Charge Balance (ECB %) =--------------=-==mmmmnmnu- x 100

[ x cations + X anions|
All concentrations should be in epm. Error charge balance has been computed for the

chemical results of 224 and analysis showing more than 10% ECB has not been
accepted as it indicates that there has been an error made in at least one of the major

cationanion analyses.

2.2 Drinking Water Evaluation
A key component of the study is the comparison of measured water quality parameters with

theBureau of Indian Standards (BIS)for drinking water quality.

This study determines whether groundwater from stvadiguifers meets the quality standards

for safe drinking water and other uses as per guidelines, established by the Bureau of Indian
Standards (BIS), 10500rable 1). This comparison helps assess whether the groundwater
from the shallow aquifers medtee established safety thresholds for drinking water and other

uses.

Table 1: The Indian Bureau of Standards guidelines for contaminants levels in drinking water.

Indian Bureau of Standards Guidelines

Analyte Acceptable Permissible Health effects
Limit Limit in Absence
of Alternative
Source
EC (us/cm at 750 3000 Anesthetic effect, May lead to Cardiovascl
25°c) complications
Cl (mg/L) 250 1000 Eye/nose irritation; stomach discomfort
F (mg/L) 1 1.5 Bone disease (pain atenderness of the bone
children may get mottled teeth
Fe(mg/L) 1 None Anesthetic effect, promotes iron bacteria
Nitrate 45 None High nitrate levels in drinking water can ca
(mg/L) bluebaby syndrome
As(e gJ L 10 No relaxation Skin damagencreased risk of cancer
Uegj) L 30 No relaxation Increased risk of cancer, kidney toxicity

2.3 Water Quality Criteria for Irrigation Purpose
Groundwater is a critical resource for irrigation in India, particularly in regions with

insufficient surface water. The quality of groundwater used for irrigation directly affects soll
health and crop productivity. Many problems origirdue to inefficient management of water

for agriculture use, especially when it carimgh saltloads.



Areas that rely heavily on irrigation face significant salinity issues. When water is extracted
from groundwater for irrigation purposes, salts that were once contained in the groundwater
can accumul ate on t IsalsaimzatibnoThis, & tum,frealwces cropl e a d
yields and degrades soil health, further exacerbating the water quality crisis in these regions.

Table 2: Safe Limits for electrical conductivity for irrigation water (1S:11624-1986)

Upper permissible safe

Nature of sall Crop limit of Electrical
Growth Conductivity in water

ps/cmat 25°C

Deep black soil and alluvial soilshaving clay content Semi tolerant 1500

morethan30%; soils that are fairly to moderatelywell Tolerant 2000

Drained

Textured soils having clay contentsa8k30% soilsthat Semi tolerant 2000

are well drainedinternally and have good surface Tolerant 4000

drainagesystem

Medium texturedsoils having clay 10-20%; internally Semi tolerant 4000

very well drained and having good surfacedrainage Tolerant 6000

system

These effects are visible in plants by their stunted growth, low ydeddplorationandeven

leaf burnsat marginor top. The safelimits of electricalconductivity for crops oflifferent

degrees of salt tolerances under varying soil textures and drainage conditjpresantéed in
Table - 2.

2.3.1 Sodium Adsorption Ratio (SAR) & Residual Sodium Carbonate (RSC)
SAR is an important parameter used to assess the suitability of groundwater for irrigation in

terms of sodium content It is the ratio of the conc

concentrations of calcium (Ca] ) and magne
IR

NAH E'HF

High levels of sodium in water can lead to the dispersion of soil particles, resulsog in

structure degradation and reduce@vater infiltration . This condition is known aakali soil

or sodium toxicity, which can severely reduce crop gth. A SAR value of less thahO is

considereduitable for most soilTable 3)

Residual Sodium Carbonate (RSCjs an important index that helps assess the potential for
water to cause alkalinity in the soil. Alkaline water can adversely affect soil structure, crop
yield, and overall land productivity. RSC is a measure of the excess amount of carbonate ions
in wate, which can combine with calcium and magnesium in the soil, leading to soil sodicity

(high levels of sodium).



The formula to calculate RSC is as follows:
ARA §AE AE AHE'H
Sodium Percentage (Na%/Jefers to the proportion @odium ions (N a relative to the total
cation concentration (which includes sodium, calcium, and magnesium ions) in the water. It
is an important indicator for assessingdbdicity potential of irrigation water, as high sodium
concentrations can leadgoil disperson and reduce soil permeability, which makes it harder
for water and air to reach plant roots. The formula to calculateatieim Percentage (Na%)
is:
"EH £

‘AH E'H "EH £

P "EH

Table 3 : Guidelines for evaluation of quality of irrigation water.

Low <10 <1.25 <20
Medium >107 18 1.251 2.5 20-60
High >1871 26 >2.5 > 60
Very High > 26

2.4 Groundwater Quality Assessment Usinglydrogeochemistry Plots
Hydrogeochemistry plotsuch as Piper Diagrams and various scatter plsvisualize the

ionic composition of groundwater samples in a way that makes it easier to identify the
dominant ions and to classify the water type (e.g., sodium chloride, calcium bicarbonate). By
plotting the relative proportions of cations (e.g., aig sodium, magnesium) and anions
(e.g., bicarbonate, sulfate, chloride), they provide a clear picture of Groundwater chemistry.
Both Piper diagrams and XY ionic plots help present complex chemical data in a visually
appealing and easily interpretable f@t, making it easier for stakeholders (e.g., water
resource managers, regulators, and the general public) to understand tAdidataction
describes theise of hydrogeochemistry plotdo assess the groundwater quality across the

study area, focusingxdkey parameters such eations anions and other critical elements.

3. Principal Aquifers of India

The groundwatemovement and occurrence is mainly controlled by the geological setting
Based on the groundwater exploration and aquifer mapping in Ifwigeen principle
aquifers havebeenmapped ( Figl). Each aquifers are characterised by the groundwtaer
potential such aporosity, permeability and sttivity. Each rock type of adiers has
different mineralogical compositions, which directly affect the groundwater quality in terms
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of hardness, ionic concentrations and the presence of contaminants. For instance,
metamorphic and igneous rocks such@seiss and Granite contain fluorice bearing
minerals,which releases fluoride into groundwater due to the interaction with rock types.

PRINCIPAL AQUIFER MAP OF INDIA
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Figure 1: Principal Aquifers in India.

The geological framework of an area significantly impacts the quality of groundwater,
especially in terms of the presence and concentration of certain contaminariisolilcze ,
uranium, iron and arsenic The specific rock types, along with their weathering
characteristics, mineral composition, and hydrological properties, influence how these
elements are mobilized or dissolved into groundwater under favorable conditions.



4 Ground Water Quality Scenarioin India
Ground water samples were collected frdf,259 background monitoring network

stationsin May 2023. About 4982 groundwater samples were collected from trend stations
for bothpre-monsoonandpostmonsoonanalysis to assess the impactafnsoon recharge
on groundwater quality. The goal of this extensive monitoring is to track seasonal variations

in groundwater quality and to identify any emerging contamination issues.

Beyond Permissible Limit(BIS,10500)
May,2023
19_.3@%
13.20%
9.04%
e
n |
?.L}.‘_E_ié 6.60%
- b SR il B 1
L}
| o]
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- S T e o R g A
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EC Chloride Fluoride Nitrate Iron Arsenic  Uranium

Figure 2: % of Groundwater samples beyondpermissible limit as per BIS,10500

The groundwater quality analysishay 2023 (premonsoon)reveals several critical issues

with nitrate, fluoride, iron, andarsenic concentrations exceeding permissible limits in a
significant percentage of sampleéBhe most significant concern appears to rbate
contamination, with nearly 20% of the samples exceeding the permissible limit. Both
fluoride (9.04%) andarsenic @ . @)5are exceeding permissible limits in a considerable
portion of groundwater sampl€Big.2 & Table 4)) This is particularly worrying because
long-term exposure to both contaminants can have severe health consequences, including
fluorosis (for fluoride) andcanceror skin lesions(for arsenic)lron contamination (13.20%

of samples exceedirtpe limit) andEC (7.25% of samples exceeding the limg&)mostly a
concern foraesthetic quality. The percentage of samples exceeding uranium limits i86 ,0
indicating that uranium contamination remains a concern in specific regions, especially those

with granite or basement rockformations. Chronic exposure to uranium can ledddney
damage.
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Table 4: Summarized results ofgroundwater quality ranges, (May 2023).

EC ps/cm at 25°c  Fresh <750 6244 40.92
Moderate 750- 3000 7908 51.83
Highly mineralized > 3000 1107 7.25
Chloride (mg/L) Desirable limit <250 12808 83.93
Permissible limit 251-1000 1983 13.00
Beyond permissible limit > 1000 468 3.07
Fluoride (mg/L) Desirable limit <1.0 11959 78.37
Permissible limit 1.0-15 1921 12.59
Beyond permissible limit >1.5 1379 9.04
Nitrate (mg/L) Permissible limit <45 12238 80.20
Beyond permissible limit > 45 3021 19.9

4.1 Ground Water Quality Hot Spots in Unconfined Aquifers of India
Unconfined aquifers are extensively tapped for water supply across the country; therefore, its

quality is of paramount importancdnconfined aquifers are directly influenced by surface
conditions and less protected by impermeable layiérs. chemical parameters like TDS,
Chloride, Fluoride, Iron, Arsenic and Nitrate etc are main constituents defining the quality of
ground water in unconfined aquifers. Therefore, presence of these parameters in ground water
beyond the permissible limit irhé absence of alternate source has been considered as
groundwater quality hotspots. Groundwater quality hot spot maps of the country have been
prepared depicting six main parameters based on their distribution shown on the separate

maps.

Thehotspot mapsdeveloped for each of these parameters allow for identifying areas where
the concentration of these constituents is above the defined thresholds, helping to highlight
regions that require attention for water quality management and remediation efforts.

Eledrical Conductivity (>3000 uS/cm at 25°C)
Fluoride (>1.5 mg/L)

Nitrate (>45mg/L)

Chloride(> 1000 mg/L)

Iron (>1.0mg/L)

Arsenic (>10 pph

Uranium (>30 ppb)

C

4.2 Electrical Conductivity
Electrical Conductivity (EC) is a measure of the ease with which water conducts electricity.

It is actually the measure of mineralization of water and indicative of the degree of salinity of

ground waterThe reason that theonductivity of waters important is becausecan tell us
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how much dissolved substances, chemicals, and minerals are present in théligiaéer
amounts of thesimpurities will lead to a higheronductivity. Whervarious chemicals and
salts dissolve into the water, they will turn into negatively charged and positively charged
ions. The positively charged ions that can affect water inaatum, potassium,
magnesium, and sodiumOn the other hand, negatively charged ions inchidmrbonate,
chloride, and sulfate Even a meagreumberof dissolved salts and chemicals can heighten

the conductivity of water.

Electrical conductance is directly related to the abundance of charged ionic compounds (Hem
1985).Salinity always exists in ground water but in variable amounts. It is mostly influenced
by aquifer material, solubility of minerals, duration of contact &ctors such as the
permeability of soil, drainage facilities, and quantity of rainfall and above all, the climate of
the area. The salinity of groundwater in coastal areas in addition to the above may be due to
air borne salts originating from air watetterface over the sea and due to over pumping of

fresh water which overlays saline water in coastal aquifer systems.

BIS has recommended a drinking water standard for total dissolved solids a limit of 500 mg/L
(corresponding to EC of about 7&®&/cm at 28C) that can be extended to a TDS of 2000

mg/L (corresponding to EC of about 30@B/cm at 28C) in case of no alternate source. Water

having TDS more than 2000 mg/L is not suitable for drinking purpbs¢he premonsoon

EC is ranging from 11.5 to 34180S / ©uming postmonsoon, water quality is affected by

the monsoon rechargly post monsoorE C i s ranging fromistriktg. 1 t o 3
in which anomalous values of EC > 3000 uS/cm in Groundwater was detected at one or more

location in DifferentStates of India (PreMonsoon 2023) have been presented in Table 6.

In Fig. 3, the EC values (imS/cm at 28C) of ground water from observation/monitoring
wells have been used to show distribution patterns of electrical conductivity in different ranges
of suitability for drinking purposes. It is apparent from the map that majority of the waters
having EC values less than T®cm at 28C occur mostly in the states of J & K, Himachal
Pradesh, Uttarakhand-Ottar Pradesh, Kerala, Sikkim, Chhattisgarh, €xj3Vestern Ghats

of Maharashtra & Karnataka and Northastern states such as Asam, Meghalaya, Arunachal

Pradesh, Tripura etc., of the country.
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Figure 3: Distribution of Electrical Conductivity in India during Pre-monsoon (May, 2023)

Groundwater with EC ranging between 750 and &®JOm at 250C falling under
Opermi ssi bl ed range are confined mainly tc
West Bengal, Andhra Pradesh, Karnataka, Tamil Nadu, Mahara#r&hand and Punjab.
However, in some cases, relatively high values of EC in excess on&JOM are observed

in many parts of the country. Especially in Rajasthan, Gujarat, Haryana, Andhra Pradesh,
Maharashtra, Tamil Nadu, Karnataka eéfoastal statekke Tamil Nadu, Andhra Pradesh,
Gujarat and Maharashtra faseawater intrusionin coastal aquifers. As freshwater levels
deplete, saltwater from the sea moves inland, raising EC levels. This is especially true in areas
where groundwater extraction ratege higher than recharge rates. In arid and -semi

regions such asRajasthan, Punjab, and Haryana, high evaporation rates lead to
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concentration of salts in groundwater. When water evaporates, salts in the soil or

groundwater become more concentrateatiibuting to higher EC.

In comparison to 20A(Fig. 4& Table 5, it has been observed that the no. of districts having
EC more than 300Q0S/cmdetected at one or more location in different states of limdia
various States hatightly increased in 202%tatewise no. of water samples analysed and no.

of locations having EC >30Q05/cmduring premonsoon ipresentedn Fig.5.

Figure 4: Year wise trend in Electrical Conductivity in Pre-Monsoon Samples During20172023.

Table 5: Percentage of locations having EC>3000 puS/cm during the period 262023

Total Number of No. of districts Total No. of % of locations

samples analyse affected by EC locations affected affected by EC
(EC>3000eS/cm)

2017 13200 198 720 5.45
2018 13247 198 825 6. 23
2019 12503 172 832 6. 65
2020 6582 90 416 6. 32
2021 8427 119 544 6. 46
2022 15507 184 937 6. 04
2023 15259 218 1107 7.25
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Table 6: Districts in which anomalous values of Salinity (EC > 3000 uS/cm) in
Groundwater was detected at one or more location (PréMonsoon 2023).

State/UT Name ofDistrict (s)

Andhra Prades| Anakapalli, Ananthapur, AnnamayyBapatla, Chittoor, East Godavari, Elur
Guntur, Kakinada, Konaseema, Krishna, Kurnool, Nellore, NTR, Paln
Parvathipuram Manyam, Prakasham, Sri Satya Sai, Srikakulam, Tiru|
Vizianagaram, West Godavari, YSR Kadapa

Assam Morigaon

Bihar Buxar, Jehanabad, Lakhisarai, Siwan, Vaishali

Chhattisgarh  Bemetara, Mungeli

Daman and Dit Diu

Delhi North, Northwest, Shahdara, Southwest, West

Guijarat Ahmedabad, Amreli, Anand, Banaskantha, Bharuch, Bhavnagar, Botad, C
udepur, DevbhoomDwarka, Gir Somnath, Jamnagar, Junagadh, Kach
Mahesana, Morbi, Narmada, Navsari, Patan, Porbandar, Rajkot, Sabark
Surendranagar, Vadodara, Valsad

Haryana Ambala, Bhiwani, Charkhi Dadri, Faridabad, Fatehabad, Gurugram, F
Jhajjar, Jind, Kaithal, Mahendragarh, Mewat, Palwal, Panchkula, Pani
Rewari, Rohtak, Sirsa, Sonipat

Karnataka Bagalkot, Belgaum, Bellary, Bijapur, Chamarajanagara, Chikkamage
Chitradurga, Davanagere, Dharwad, Gadag, Koppal, Raichur, Tur
Vijayanagara, Yadgir

Madhya Prades Bhind, Datia, Gwalior, Neemuch, Shivpuri

Maharashtra  Ahmednagar, Akola, Amravati, Aurangabad, Beed, Buldhana, Chandr
Jalgaon, Jalna, Nagpur, Nanded, Nandurbar, Nashik, Parbhani, R
Ratnagiri, SangliSatara, Solapur, Thane, Wardha

Odisha Angul, Balangir, Nuapada, Puri

Punjab Bathinda, Faridkot, Fazilka, Ferozepur, Mansa, Muktsar, Nawanshahr, P.
SAS Nagar

Rajasthan Ajmer, Alwar, Barmer, Bharatpur, Bhilwara, Bikaner, Bun@hittaurgarh,

Churu, Dausa, Ganganagar, Hanumangarh, Jaipur, Jaisalmer, Jalore, Jhu
Jodhpur, Karauli, Nagaur, Pali, Rajsamand, Sawai Madhopur, Sikar, S
Tonk, Udaipur

Tamil Nadu Chennai, Coimbatore, Dharmapuri, Dindigul, Erod&ancheepuram.
Krishnagiri, Nagapattinam, Namakkal, Nilgiris, Perambalur, Pudukko
Ramanathapuram, Salem, Theni, Thiruvallur, Tirunelveli, Tiruvallur, Tiruve
Trichy, Tuticorin, Vellore, Villupuram, Virudhunagar

Telangana B Kothagudem, J BhupalapgllJangaon, Jogulamba, KB Asifabad, Khamme
Mancherial, Medak, Nagarkurnool, Nalgonda, Pedapalle, Rangare
Sangareddy, Siddipet, Warangal, Yadadri Bhuvanagiri

Uttar Pradesh  Agra, Aligarh, Amethi, Etawah, Firozabad, G.B. Nagar, Ghazia@Badzipur,
Hamirpur, Hathras, Mainpuri, Mathura, Unnao

West Bengal  Bankura, Howrah, Malda, Purulia, South 24 Parganas
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Figure 5: State-wise no. of water samples analysed and no. of locations having EC
>3000 pS/cm duringpre-monsoon,2023.
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Figure 6: State-wise % of water samples having EC value more than permissible limit
during pre-monsoon,2023.

* In Arunachal Pradesh, Dadra and Nagar Haveli, Goa, Himachal Pradesh, Jammu and Kashmir, Jharkhand,

Kerala, Uttarakhand, Meghalaya, Mizoram and Nagald®% water samples are within permissible limit as
per BIS, 100500.

4.2.1 Analysis of States/Districtswith High EC Values

A significant proportion of water samples across several states in India show EC value
exceeding the permissible limit 8000 uS/ cmas per BIS, 10500 (Fig. 5 & 6). The states of
Rajasthan (48.57%), Delhi (23.30%), Gujarat (19.62%) and Karnataka (14ad4®% most
severely affected by high EC value in groundwater, with more than 10 % of water samples
exceeding th&C permissible limit. INnArunachal Pradesh, Dadra and Nagar Haveli, Goa,
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Himachal Pradesh, Jammu and Kashmir, Jharkhand, Kerala, Uttarakhand,
Meghalaya, Mizoram and Nagalandall the water samples are well within the permissible
limit as per BIS, 10500.

The following states have consistently had a significant number of districts where the
Electrical Conductivity (EC) of groundwater exceeds thempssible limit of 3000 uS/cm:
Rajasthan, Gujarat, Tamilnadu, Karnataka, Maharashtra, Andhra Pradesh, Haryana,

Uttar Pradesh and Punjah Yearwise Comparison of Districts Exceeding EC Limit (2015
2023) has been presented in Fig.Rajasthan, MaharashirUttar PradesandPunjab show
relatively stable or constant trends over the years, with the number of districts exceeding the
permissible EC limit fluctuating but not showing a significant increase or decrHaise.
suggests that the groundwater quaktth respect to Electrical conductivity in these states are
longstanding and persistent, with no major improvement or deterioration in the number of
affected districts over the yeakarnataka, Andhra Pradesh, Haryana, Gujarat show an
increasing trendin the number of districts exceeding the EC limit over the years.

This indicates that the problem of high EC levels is becoming more widespread, likely due to
rising groundwater extraction, changing agricultural practices, or climatic changes that are
reducng groundwater recharge.

On the basis of available data 15 districts in India have been identified as mostly affected with
high EC values (Tabl&). Haryana has the highest number of districts with EC values
exceeding the permissible limit, accounting@aut of the top 15 districts Andhra Pradesh

follows with 3 districts in the top 15 andPunjab has2 districts in the top 15. This data
suggests thdtlaryana is the most severely impacted state in terms of groundwater quality,

with the largest proportion of its districts facing salinity problems.
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Figure 7: Year-wise Comparison of Districts with EC Exceeding 3000 uS/cm (20i12023).

The state's dependence on groundwater for irrigation;extesction of groundwater coupled
with rising salinity in its aquifers, is likely contributing to the increased number of affected

districts. Andhra Pradesh and Punjab also show significant conaes, though to a lesser

extent.

Andhra Pradeshés 3 districts i n grobngelwatero p

over-extraction, especially in thecoastal regions of the stateSalinity ingress due to

15

excessive pumping of groundwater, especially in the coastal regions may be one of reason for

high salinity in Andhra Pradesh.
Table 7: State-wise Distribution of Top 15 Affected Districts

Andhra Pradesl Krishna 56 17
Rajasthan Barmer 56 45
Rajasthan Jodhpur 73 50
Punjab Fazilka 55 20
Haryana Sirsa 67 24
Haryana Hisar 58 19
Haryana Bhiwani 72 22
Gujarat Surendranaga 52 15
Haryana Sonipat 53 15
Haryana Jind 60 14
Andhra Pradesl Palnadu 70 16
Maharashtra ~ Ahmednagar 79 15
Haryana Gurugram 48 9
Tamil Nadu Villupuram 48 8
Punjab Bathinda 50 8
Andhra Pradesl Prakasham 102 12
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In Barmerand Jodhpur distriatf Rajasthara rising trend in EC has been observed. In Sirsa
and Bhiwani district of HaryaBC levet have remained relatively stabla Krishna District
of Andhra Pradesh also EC levels have remained relatively gt&gle8). In Barmer and

Jodhpur district of Rajasthan there is a slightly increasing trend.

Krishna, A. Pradesh Surendra Nagar, Gujarat
56 4 52
44
33 32 35 34
27 25 28 &8 27 20 i 29
19 20 o 22 23
7 j 18 7 5
| B 7 6 9 7 8 8
2017 2018 2019 2022 2023 2017 2018 2019 2022 2023
= No. of samples ® No. samples EC > 3000 = % of Samples EC(>3000) m No. of samples ®m No. samples EC > 3000 = % of Samples EC(>3000)

Figure 8: Yearly trend of EC values more than permissible limit in Krishna district of A. Pradesh

Surendranagar District in Gujarat has shown significafilictuations in the number of
districts exceeding the permissible EC limit of 3000 uS/cm f207 to 2023Fig.8). These
fluctuations suggest thgtoundwater quality in the region may have been influenced by a
combination of factors that vary year by year. Groundwajuality in regions like
Surendranagar can vary significantly from year to year dseasonal factorsuch as rainfall
and recharge levels. Years with higher rainfall may leadrexlaarge of aquifers, diluting
the salinity and reducing EC values, {ehdrier years could lead to higher EC values due to

reduced recharge and more concentrated salts.

4.2.2 Pre- and postmonsooncomparison of EC Values: Understanding the Impact of
Monsoon Recharge

One interesting aspect of water quality is how it changes wébans particularly before and
after monsoonin the pre-monsoonperiod,8.08% of the samples haBC values greater

than 3000 uS/cmafter thenonsoon rechargethis percentage decreased 1#49%, showing

a slight improvement in groundwater quality in poshonsoon, likely due to theecharge

effect of rainfall, which dilutes the salts in the aquiféFsg. 9). The postmonsoon period
showed anodest improvementin groundwater quality, as indicated by the slight reduction

in high EC valuesPrePost changes in EC in Ground Water in states have been presented in
Table 8.
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Figure 9: Percentage groundwater samples in various EC range, 2023 (Pre &Post).

Table 8: Effect of monsoonrecharge on salinity at common locations during pre and
post monsoon.

Pre Post
No. % No. %

A & N Islands 29 18 11 0 0.00 0 0.00
AndhraPradesh 280 147 133 45 16.07 37 13.21
Assam 123 68 55 1 0.81 0 0.00
Bihar 180 102 78 4 2.22 3 1.67
Chhattisgarh 156 131 25 0 0.00 0 0.00
Delhi 24 11 13 11 45.83 13 54.17
H. Pradesh 29 15 14 0 0.00 0 0.00
Haryana 77 40 37 35 45.45 36 46.75
J&K 30 11 19 0 0.00 2 6.67
Jharkhand 132 51 81 0 0.00 0 0.00
Karnataka 176 92 84 26 14.77 28 15.91
M.Pradesh 531 230 301 6 1.13 0 0.00
Maharashtra 746 332 414 38 5.09 28 3.75
Meghalaya 35 12 23 0 0.00 0 0.00
Mizoram 3 0 3 0 0.00 0 0.00
Nagaland 5 2 3 0 0.00 0 0.00
Odisha 116 67 49 7 6.03 3 2.59
Pondicherry 2 1 1 0 0.00 0 0.00
Punjab 39 22 17 14 35.90 12 30.77
Rajasthan 90 44 46 61 67.78 56 62.22
Tamil Nadu 198 110 88 19 9.60 21 10.61
Telangana 355 242 113 14 3.94 10 2.82
Tripura 74 29 45 0 0.00 0 0.00
Uttar Pradesh 341 118 223 19 5.57 27 7.92
West Bengal 186 78 108 2 1.08 3 1.61

Total 3969 1985 1984 302 7.61 279 7.03
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In several states imdia monsoon rains have a significant impact by reducing EC levels. Here
is a look how monsoon has positively influenced water samples in five aged0). In
Rajasthan, 32% of the water samples have significant showed improvement, with EC values
falling below3000 pS/cmin postmonsoon. IMndhra Pradesh, 28% of the water samples
showed improvement, with their EC values dropping to less 3@ pS/cmafter the
monsoon. InHaryana, 27% of the water samples improved significantly, with EC values
falling below3000 pS/cmin postmonsoonTamilnadu also benefitted wit6% of the water
samples showing improvemeithis reflectsthe effectiveness ahonsoon rainsin reducing
theEC levels, potentially due to increased groundwater recharge and dilution of salts during

the monsoon period.

Impact of Monsoon Recharge
57

45

42 20

32
28 27

22

14
13 11

Rajasthan A. Pradesh Haryana Maharashtra Tamil Nadu
No. of locations EC > 3000 uS/cm (Pre)
improved in post

® Improved EC <3000 uS/cm (Post)

Figure 10: Impact of Monsoon recharge in five key states.

While monsoon rains generally hedgdute salts and improve groundwater quality in many
regions, there is an opposite effect, leading tinarease in EC levelsin Andhra Pradesh
and Haryana% of the water samples showed deterioration, \ii@ values rising above
3000 pS/cmduring postmonsoon2% of water samples in Rajasthan and 2% in Tamilnadu
showed a deterioration in water quality, wHE values exceeding 3000 pS/cater the
monsoonFig.11). This suggests that while monsoon rains generally dari&itorecharge
they may also lead timcreased salinityin certain areas, potentially due garface runoff

carrying salts into thehallow saline aquifersmixing with groundwaterlt is crucial to adopt
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sustainable water extraction practices to mainta the gains from monsoon recharge,

ensuring that the groundwater remains within permissible EC limits throughout the year.

Impact of Monsoon Recharge

45

42 40

25
17 18

Rajasthan A. Pradesh Haryana Maharashtra  Tamil Nadu
No. of locations EC > 3000 uS/cm (Pre)

Deteriorated in post
W Deteriorated EC >3000 uS/cm (Post)

Figure 11: Impact of monsoon recharge on EC values in Five key states.

4.2.3 Impact of Over-Extraction on Groundwater Elevated EC Levels
In the context of groundwater qualitpyver-exploitation and contamination are often

interconnected, particularly in regions where water extraction rates exceed the natural
replenishment of aquifers. Tleer-extraction of groundwater can exacerbate water quality
problems, leading to higher concentrations of certain pollutantsséikeity. This section
compares areas that areer-exploited (i.e., regions where groundwater extraction rates are
significantly higher than natural recharge rates) whitgh salinity contamination areas to
highlight the compounded challenges these regions face in terms of both water quantity and
quality.

Excessive groundwater extraction leads to a drop in the water table, gedeimatural
recharge capacity of aquifers. As groundwater levels decline, there is less dilution of salts,
which results in higher EC values. In these emgploited areas, the inability of aquifers to
naturally replenish exacerbates the concentratiordisfolved salts, making the water

increasingly saline.
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In coastal regiongver-exploitation of groundwater can lead to saline water intrusiamere
saltwater from nearby bodies of water infiltrates fresh groundwater aquifers. In inland areas,
excessivextraction from deep aquifers can draw up more naturally saline water from deeper
strata, further elevating EC values.

States likeRajasthan, Punjab, Haryana and Western Uttar Pradesh rely heavily on
groundwater for irrigation. Ovesxtraction, coupled witlmigh evaporation ratesin these
semtarid regions, results in @ncentration of saltsin the remaining groundwater, leading

to high EC values

4.2.4 Mapping Over-Exploitation and EC Levels:
Maps ofover-exploited areasn Haryana, Rajasthan, Gujarat, Punjab, Western Uttar Pradesh

and Tamil Nadu show striking similarity withhigh EC value maps underscoring the link
between oveextraction andyroundwater salnization (Fig. 12). In these regions, areas of
over-extraction coincide with zones whefeC valuesexceed permissible limits, indicating
a direct impact obver-exploitation on groundwater EC levels.

Rainwater harvesting, artificial recharge techniqued,waterefficient agricultural practices

could help mitigate the impact of ovextraction on groundwater quality and EC levels.
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Figure 12 over-exploited areas show a striking similarity with high EC value.
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4.3 Fluoride
High fluoride contents in groundwater used for consumption are harmful to human health.

Long-term intake of groundwater with excessive fluoride concentrations often leads to

waterborne fluorosis, such as dental and skeletal fluorosis.

The origin of F in groundater is closely related to geologic setting or anthropogenic
activities. The geological origin is diverse and complex, mainly contributed by the dissolution
of fluorinebearing minerals such as biotite, muscovite, fluorite, hornblende, mica, fluorapatite

ard tourmaline etc., found in sedimentary, metamorphic and igneous rocks.

Concentration of fluoride in the continental crust is 611 mg/kg. Various rock types contain
fluori de at di fferent |l evel s: basalt, 360 ¢

sandstone, 180 e©€g/gm; shale 800 e€g/gm; oceanic

Most fluoride is sparingly soluble and is present in natural waters in small amounts. Due to
its high electro negativity, it forms only fluorides and no other oxidastates are found in
waters. In low PH water, the species found is HF. With aluminum, beryllium & iron (ll1)
fluoride forms strong complexes, below neutrality. The fluoride ion has the same charge and
radius as OH Hence, they can replace each otheraadform series of©H complex with
metals. In the acid medium fluoride could well be associated with silica in a six coordinated

structure though rarely.

In the hard rock areas, in some water samples fluoride concentration has been found more
than permgsible limit. In the fluoride affected area, decreasing Ca concentrations have been
found under alkaline conditions with a corresponding rise in Na.

Earlier also so many researchers have opined thatj®@s type water provides favourable
condition for dissolution of fluoride.

OOOV0 0O 6MDOLCHW ¢O
pH value of aquifer solution betweer6% leads to adsorption of Bn clay minerals. The
reverse is the situation in alkaline conditions having pH value more than 7. In these
circumstances, OHgroup replaces the exchangeablefclay minerals (biotite, muscovite,
apatite, hornblende, and amphiboles), as both of these caamst identical ionic radius
(0.136 nm), consequently resulting in enhance
minerals, the anthropogenic activitiesinclude agriculture and industry may also contribute a
certain amount of fluorife to groundwatéinlike the rather slow natural process of fluoride

mobilization through rockvater interaction, its mobilization increases manifold during
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phosphate fertilizer production due to the strongly acidic reaction conditions encountered.

Single superphosphate$B) is a popular phosphate fertilizer.

The occurrence of fluoride in natural water is affected by the type of rocks, climatic
conditions, nature of hydrogeological strata and time of contact between rock and the
circulating ground water. Presence of otluers, particularly bicarbonate and calcium ions
also affect the concentration of fluoride in ground wadtas. well known that small amounts

of fluoride (less than 1.0 mg/L) have proven to be beneficial in reducing tooth decay.
However, high concentratis such as 1.5 mg/L of F and above have resulted in staining of
tooth enamel while at still higher levels of fluoride ranging between 5.0 and 10 mg/L, further
pathological changes such as stiffness of the back and difficulty in performing natural

movementsnay take place.

BIS has recommended an upper desirable limit of 1.0 mg/L a$ Eesirable concentration

of fluoride in drinking water, which can be extended to 1.5 mg/L of F in case no alternative
source of water is available. The distribution of ground water samples with fluoride
concentration more than 1.5 mg/L have been dapictethe map aBig. 13. It is observed

that there are several locations in the States of Andhra Pradesh, Gujarat, Karnataka, Madhya
Pradesh, Rajasthan, Chhattisgarh, Haryana, Orissa, Punjab, Tamilnadu, Kerala, Telangana,
Uttar Pradesh West Bengal, Bih&elhi, Jharkhand, Maharashtra, and Assam where the
fluoride in ground water exceeds 1.5 mgBtatewise no. of water samples analysad. of
samples F > 1.5mg/and no. of locations having F > 1.5 mgHluring premonsoon is presented

in Fig.14, Fig.15and Table 9.Districts in which anomalous values Bf > 1.5 mg/Lin
Groundwater was detected at one or more location in Different States of Indi&i{fPsoon

2023) have been presented in Tatlleln comparison to 201{Fig. 16 & Table 10), it has

been obkerved that the no. of districts haviRg> 1.5 mg/Ldetected at one or more location

in different states of Indian various States has slightly increased in 2R& r cent age
|l ocations with F > 1.5 mg/L i2a@€22.as eTdhiby i.
increase in percentage of | ocations has b
Har yana, Punj 3he daaisdf lotaiénawhegrafluaide concentration is more
than 1.5 mg/L (Pre 2023) is given in Annexure Il
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Figure 13: Locations having Fluoride concentration >1.5 mg/L during PreMonsoon 2023.
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Table 9: State-wise percentage of wells having fluoride >1.5mg/L (Pre,2023)

A & N Islands 113 0 0.69 0 0.00
Andhra Pradesh 1149 0.009 4.39 130 11.31
Arunachal Pradesh 12 0.03 0.08 0 0.00
Assam 155 0 1.30 0 0.00
Bihar 808 0 2.47 37 4,58
Chandigarh UT 8 0.45 1.27 0 0.00
Chhattisgarh 783 0 4.30 14 1.79
D & N Haveli 10 0.17 0.54 0 0.00
Daman and Diu 7 0.23 0.82 0 0.00
Delhi 103 0.28 3.70 17 16.50
Goa 10 0.02 0.06 0 0.00
Guijarat 632 0 7.70 88 13.92
Haryana 879 0.012 22.00 208 23.66
Himachal Pradesh 171 0 3.38 2 1.17
Jammué& Kashmir 250 0 1.30 0 0.00
Jharkhand 397 0 1.91 11 2.77
Karnataka 345 0 6.44 61 17.68
Kerala 342 0 2.00 1 0.29
Madhya Pradesh 589 0 2.46 6 1.02
Maharashtra 1567 0.036 4.40 30 1.91
Meghalaya 39 0 0.12 0 0.00
Mizoram 3 0 0.01 0 0.00
Nagaland 6 0 0.15 0 0.00
Odisha 625 0 8.00 28 4.48
Pondicherry 4 0.56 0.68 0 0.00
Punjab 922 0 14.00 127 13.77
Rajasthan 630 0.0065  18.20 272 43.17
Tamil Nadu 916 0.06 4.48 89 9.72
Telangana 1150 0.012 6.86 171 14.87
Tripura 81 0 1.10 0 0.00
Uttar Pradesh 1387 0 8.20 79 5.70
Uttarakhand 207 0 1.70 1 0.48
West Bengal 959 0 6.50 7 0.73
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Figure 14: State-wise no. of water samples analysed and no. of locations haviag 1.5
mg/L during pre-monsoon,2023.
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Figure 15: State-wise % of water samples with Fluoride concentration > 1.5 mg/L
during pre-monsoon,2023.

* In Arunacha Pradesh, Asam, Dadra and Nagar Haveli, Daman and Diu, Goa, Pondicherry, Jammu and Kashmir, Meghalaya,
Mizoram and Nagaland00% watersamples are well within the permissible limit as per BIS, 10500.
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Trend of Fluoride in India
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Figure 16: Year wisetrend of Fluoride concentration in Pre-Monsoon (20172023).

Table 10: Percentage of locations having F > 1.5 mg/L during the period 2042023.

201 13225 207 736 5. 57
201 13229 212 862 6. 52
201 12475 226 899 7.21
202 6366 131 449 7.05
202 8482 142 450 5.31
202 15507 213 1048 6. 76
202 15259 263 1379 9.03

Table 11: Districts in which anomalous values of Fluoride (F > 1.5 mg/L) igroundwater
was detected at one or more location.

Andhra 17 Alluri sita rama raju,Anakapalli, Ananthapur, Annamayya, Bapai
Pradesh Chittoor, East Godavari, Kurnool, Nandyal, Nellore, NTR, Palni

Prakasham, Sri Satya Sai, Srikakulam, Tirupathi, YSR Kadapa
Bihar 6 Banka, Gaya, Jamui, Nalanda, Nawada, Seikhpura

Chhattisgarh 8 Janjgir Champa, Kanker, Korba, Koriya, Mahasamund, Raig
Rajnandgaon, Surajpur
Delhi 6 New Delhi, North, North West, Shahdara, South, South West

Gujarat 25 Ahmedabad, Amreli, Anand, Arvalli, Banaskantha, Bhavnagar, B¢
Chhota udepur, Dahod)evbhoomi Dwarka, Gir Somnath, Jamnag
Junagadh, Kachchh, Mahesana, Morbi, Narmada, Panchmahal,
Porbandar, Rajkot, Sabarkantha, Surat, Surendranagar, Vadodara
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Haryana 17 Bhiwani, Charkhi Dadri, Fatehabad, Gurugram, Hisar, Jhajjar, -
Karnal, Mahendragarh, Mewat, Palwal, Panchkula, Panipat, Re
Rohtak, Sirsa, Sonipat

H. Pradesh 2 Sirmour, Una

Jharkhand 8 Bokaro, Chatra, Dhanbad, Godda, Koderma, Latehar, Palamu, Rar

Karnataka 19 Bellary, Bengaluru Rural, Bijapur, Chikballapur, Chitradurge
Davanagere, Dharwad, Gadag, Gulbarga, Haveri, Kolar, Ko
Mandya, Mysore, Raichur, Ramanagara, Tumkur, Vijayanagara, Y

Kerala 1 Palakkad

M. Pradesh 6 Alirajpur, Chhindwara, Dewas, Dhar, Katni, Mandla

Maharashtra 10 Akola, Bhandara, Buldhana, Chandrapur, Gadchiroli, Hing
nandurbar, Osmanabad, Parbhani, Yavatmal

Odisha 10 Anugul, Balangir, Bargarh, Jharsuguda, Nayagarh, Nuapada,
Sambalpur, Sonapur, Sundargarh

Punjab 17 Amritsar, Bathinda, Faridkot, Fatehgarh sahib, Fazilka, Feroze
Gurdaspur, Hoshiarpur, Jalandhar, Mansa, Moga, Muktsar, Nawan
Patiala, Sangrur, SAS Nagar, Tarn Taran

Rajasthan 31 Ajmer, Alwar, Banswara, Barmer, Bharatpur, Bhilwara, Bikaner, Bu
Chittaugarh, Churu, Dausa, Dhaulpur, Dungarpur, Gangan:
Hanumangarh, Jaipur, Jaisalmer, Jalore, Jhalawar, Jhunjhunu, Jc
Karauli, Nagaur, Pali, Pratapgarh, Rajsamand, Sawai madhopur,
Sirohi, Tonk, Udaipur

Tamil Nadu 21 Ariyalur, Chennai, Coimbatore, Cuddalore, Dharmapuri, Dindig
Erode, Karur, Krishnagiri, Madurai, Namakkal, Nilgiris, Perambg
Pudukkottai, Salem, Theni, Tirunelveli, Tuticorin, Vellore, Villupurz
Virudhunagar

Telangana 28 Adilabad, B. Kothagudentianamkonda, Hyderabad, Jagtial, Jange
Kamareddy, Karimnagar, KB Asifabad, Khammam, Mahabubne
Mancherial, Medak, Medchal Malkanijgiri, Nagarkurnool, Nalgor
Nirmal, Nizamabad, Pedapalle, R. Sircilla, Rangareddy, Sangar
Siddipet, Suryapet, Vikabad, Wanaparthy, Warangal, Yada
Bhuvanagiri

Uttar Pradesh 27 Agra, Aligarh, Auraiya, Azamgarh, Bulandshahar, Farrukha
Fatehpur, Firozabad, G.B. Nagar, Ghazipur, Hathras, Jhansi, Katr
Kanpur Dehat, Kanpur Nagar, Kaushambi, Lalitpur, Lucknowhdhe,
Mainpuri, Mathura, Meerut, pratapgarh, Prayagraj, Raeb:
Sonbhadra, Unnao

Uttarakhand 1 Almora

West Bengal 3 Birbhum, Dakshin Dinajpur, Paschim Bardhaman

4.3.1 Analysis of States/Districts with Enriched Fluoride values

The issue ofluoride contamination in groundwater is a significant concern in several states

of India. A significant proportion of water samples across several states in India show fluoride
concentration exceeding permissible limitlod mg/L as per BIS, 10500 (Fig4 & 15). The

states of Rajasthan (43.17%), Haryana (23.66%), Karnataka (17.68%), Telangana (14.87%),
Gujarat (13.92%), Punjab (13.77%) and Andhra Pradesh (11.31%) are the most severely
affected by high fluoride concentration in groundwater, with more1& of water samples

exceeding the fluoride permissible limit. Arunachal Pradesh, Asam, Dadra and Nagar
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Haveli, Daman and Diu, Goa, Pondicherry, Jammu and Kashmir, Meghalaya, Mizoram

and Nagalandall the water samples are well within the permissiiohgt las per BIS, 10500.

The following states have consistently had a significant number of districts whéuetite
concentration ofroundwater exceeds the permissible limild& mg/L

Rajasthan, Gujarat)ttar PradeshTamilnadu, Karnatakal elangaa, Maharashtra, Andhra
Pradesh andHaryana Yearwise Comparison of Districtexceedingfluoride limit (2015

2023) has been presentedFig. 17. In states likdRajasthan, Maharashtra, and Karnataka,

the number of districts with fluoride levels above pleemissible limit has remained relatively
stable or constant over the past several years (2023).This suggests that the groundwater
guality with respect téluoridein these states are longstanding and persistent, with no major

improvement odeterioration in the number of affected districts over the years.

On the contrary, states like Gujarat, Uttar Pradesh, Tamil Nadu, Telangana, Andhra Pradesh,
and Haryana have shown an increasing trend in the number of districts with fluoride

concentration exceeding the permissible limit from 2017 to 2023.

No. of districts F > 1.5 mg/L.
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Figure 17: Year-wise Comparison of Districts with F exceeding permissible limit (2012023).
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On the basis of available data 15 districts in India have been identified as mostly affected with

enriched fluoride values (TablE2).

Among the top 15 districts with the highest fluoride concentrations exceeding the permissible
limit of 1.5 mg/L, the digibution of affected districts is concentrated in a few states, with
Haryana, Rajasthan, and Andlpedesh While Haryana, Rajasthan, and Andhra Pradesh
have the highest number of affected districts, other states like Telangana and Punjab also
feature prominently in the top 15 list of fluoridéfected districts, though with fewer affected
districts compared to the aforementioned states.

In Barmer and Jodhpur district of Rajasthan a rising trend in fluoride concentration has been
observed. In i8sa district of Haryan and Sri Satya Sai district of Andhra Pradesh fluoride

concentration have remained relatively stable (Fig. 18).

Table 12 Statewise Distribution of Top 15 Affected Districts with Excessive F

concentration
State District Total No. of samples F>1.5 % samples
analysed mg/L F>1.5 mg/L
Rajasthan Nagaur 43 27 62.79
Rajasthan Jodhpur 73 45 61.64
Haryana Jind 60 32 53.33
Haryana Sonipat 53 27 50.94
Telangana Y. Bhuvanagiri 43 21 48.84
Rajasthan Churu 42 20 47.62
Punjab Fazilka 55 26 47.27
Rajasthan Barmer 56 23 41.07
Haryana Bhiwani 72 25 34.72
Andhra Pradesh Sri Satya Sai 85 27 31.76
Haryana Sirsa 67 21 31.34
Andhra Pradesh Palnadu 70 19 27.14
Haryana Panipat 53 14 26.42
Andhra Pradesh Prakasham 102 25 24.51
Haryana Hisar 58 14 24.14
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Figure 18 Yearly trend of F more than permissible limit in some districts.

4.3.2 Impact of Monsoon Recharge on Fluoride Concentrations in Groundwater
Water samples were collected during fine-monsoonandpostmonsoonperiods to assess

the impact ofmonsoon rechargeon fluoride levels in groundwater. The data shows a
reduction in fluoride concentrations after the monsoon season, indicating that th@omon

rains have a positive effect on lowering fluoride concentrations in groundwater.

In the pre-monsoon period, 9.14% of the water samples had fluoride concentrations
exceedingl.50 mg/L, which is above the permissible limit for drinking watafter the
monsoonseason, this percentage decreased to 7.74% in thenpasbon period, indicating

a reduction in the number of samples with high fluoride le{f€ls.19). The percentage of
samples with fluoride levels betwe#®0 and 1.50 mg/lalso showed a decreasethepre-
monsoon period, 10.97% of samples had fluoride levels within this randre.the post
monsoon period, this percentage decreased slightlyl@21%, indicating a marginal

improvement in fluoride concentrations following the monsoon rains.

The reduction in the percentage of water samples with fluoride levels excéaeslingng/L

and those betweeh00 1.50 mg/L suggests that monsoon recharge helps dihgdluoride
concentration in groundwater. The influx of rainwater likely dilutes the naturally occurring
fluoride in aquifers, leading to a decrease in fluoride levelkighlights the potential of
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monsoon rainsto helpdilute the concentration of flu@le in groundwater, improving water
guality to some extent. Further efforts iminwater harvesting and recharge programs
could enhance this effect, leading to lelegm improvements in groundwater qualiBre
Post changes in Fluoride concentratiomn iroad Water in various states have been
presented in Tabl&3.

% groundwater samples in various F range % groundwater samples in various F range
(Pre M, 2023) (Post M, 2023)

>1.5

. 9.1&

10.97

™
n=3938 79.89 n=3938 82.05

F values in F values in
mg/L mg/L

Figure 19: Percentage groundwater samples in various F range (Pre & Post,2023).

Table 13: Effect of monsoon recharge on Fluorideconcentration at common locations
during pre and post monsoon.

A & N Islands 29 14 15 0 0.00 0 0.00

AndhraPradesh 280 158 122 56 20.00 41 14.64
Arunachal Pradesh 12 1 11 0 0.00 0 0.00
Assam 122 52 70 0 0.00 1 0.82
Bihar 180 119 61 13 7.22 13 7.22
Chhattisgarh 156 109 47 6 3.85 3 192
Delhi 24 10 14 7 29.17 9 37.50
Himachal Pradesh 29 25 4 1 3.45 0 0.00
Haryana 77 39 38 29 37.66 25 32.47
Jharkhand 132 44 88 5 3.79 3 227
Karnataka 176 89 87 31 17.61 27 15.34
Madhya Pradesh 531 228 303 6 1.13 3 0.56
Maharashtra 746 535 211 14 1.88 3 0.40
Meghalaya 35 23 12 0 0.00 0 0.00
Mizoram 3 3 0 0 0.00 0 0.00
Nagaland 5 0 5 0 0.00 0 0.00
Odisha 116 61 55 11 9.48 11 9.48
Pondicherry 2 2 0 0 0.00 0 0.00
Punjab 39 28 11 17 43.59 15 38.46
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Rajasthan 90 34 56 44 48.89 50  55.56

Tamil Nadu 198 144 54 23 11.62 18 9.09
Telangana 355 209 146 71 20.00 55| 15.49
Tripura 74 26 48 0 0.00 0 0.00
Uttar Pradesh 341 202 139 24 7.04 24 7.04
West Bengal 186 94 92 2 1.08 4 215

Total 3938 2249 1689 360 9.14 305 7.75

The observed improvements in fluoride concentrations due to monsoon recharge across
various key states in India (Andhra Pradesh, Rajasthan, Karnataka, Haryana, and Tamil Nadu)
provide valuable insights into the dynamics of groundwater quality and the impact of seasonal
changegFig. 20).

Summary of PostMonsoon Data:

x Andhra Pradesh Out of 56 premonsoon samples exceeding the permissible fluoride
limit, 41 showedmprovementsn fluoride concentration due to dilution from monsoon
recharge. Additionally, 25 of these samples fell below the permissible limit iR post
monsoon.

x Rajasthan Out of 44 premonsoon samples exceeding the limit, 20 showed
improvementsand 8 of them fell below the permissible limit after recharge.

x Karnataka: Out of 31 premonsoon samples exceeding the limit, 22 showed
improvement, and 11 samples fell belte permissible limit after monsoon recharge.

x Haryana: Out of 29 premonsoon samples exceeding the limit, 17 showed improvement,
and 13 samples dropped below the permissible limit.

x  Tamil Nadu: Out of 23 premonsoon samples exceeding the limit, 23 showed
improvement, and 10 samples fell below the permissible limit after monsoon recharge.

Impact of Monsoon Recharge

a4
31 -
25 o b2 23 23
17
3 11 13 10

A. Pradesh Rajasthan Karnataka Haryana Tamil Nadu

56

a1

No. of locations F > 1.5 mg/L (Pre) Himproved in post B Improved F < 1.5 mg/L (Post)

Figure 20: Impact of Monsoon recharge in five key states on fluoride concentration.
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The monsoon recharge appears to have lditligon effect on the fluoride concentrations

in groundwater across all the states, as reflected by the significant number of samples showing
improvement in fluoride levels after recharge.

Given that Andhra Pradl had the highest number of gn®nsoon samples with fluoride
concentrations above the permissible limit (56 samples), the improvement in 41 samples
indicates asubstantial dilution effectdue to monsoon recharge. A significant proportion of
these sample@5 out of 56) fell below the permissible limit pgabnsoon, suggesting that
monsoon recharge hageonounced positive impactin reducing fluoride concentrations in
many areasRajasthan, which also had a high-prensoon fluoride contamination rate (44
samples), saw an improvement in 20 samples. This indicates that although the dilution effect
was less pronounced than in Andhra Pradesh, it was still significant. The fact that 8 samples
came below the permissible limit afteronsoorrecharge is @ositive outcome indicating

that recharge did reduce fluoride levels in certain aasataka's premonsoon fluoride
contamination was relatively moderate (31 samples), anehpmssoon, 22 samples showed
improvement, with 11 falling below the permissible itiniThis suggests that monsoon
recharge had &avorable impact on reducing fluoride concentrationdaryana, with 29
samples exceeding the permissible limit-prensoon, also saw improvement in fluoride
levels in 17 samples, with 13 of them falling beldwe permissible limit. This suggests that
monsoon recharge hadrederate but effective effectn diluting fluoride concentrations in
several parts of the staffamil Nadu (23 samples improved) Despite having the lowest
premonsoon fluoride contaminati¢@3 samples), Tamil Nadu still saw improvements in all
samples (23 out of 23), with 10 falling below the permissible limit-pastsoon. This
indicates thaeven in relatively lower fluoride areas monsoon recharge was effective in

reducing fluoride concerations

4.3.3 Impact of Groundwater Over-Extraction on Fluoride Concentration
Excessive abstraction of groundwater, especially in regions that are already facing over

exploitation, may raise fluoride concentration in the groundwakée water samplemost
affected by fluoride contamination are primarily concentrated in the southern and western
stateswhich are known for oveextraction of groundwater.

This phenomenon is primarily observed in the stateslafyana, Punjab, Rajasthan,

Gujarat, Western Uttar Pradesh, Karnataka and Tamilnadu, where a significant number
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of water samples exceed the permissible limit.6fmg/L for fluoride, often concentrated in

areas categorized aser-exploited, critical , andsemikcritical (Fig. 21).

4.3.4Mechanisms Driving Increased Fluoride in OverExploited Regions
Several mechanisms can explain why excessive groundwater extraction exacerbates fluoride

contamination in these areas:

1 Lowering of the Water Table: Overexploitation often results in tHewering of the
groundwater table. In regions withfluoride-rich geological formations (such as
rocks containing fluoriddearing minerals like fluorite, mica, or apatite), lowering the
water table can causecreased releasef fluoride into the groundwater.sfthe water
level drops, water interacts more with fluordeh layers, leading to higher
concentrations of fluoride.

1 Increased Groundwater Flow Path Disturbance Overextraction can disturb the
natural flow of groundwater. This disturbance may leachtbilization of fluoride
from deeper layers or sediments that typically do not contribute to fluoride levels under
normal conditions. In such situations, shallow wells and tubewells (commonly used for
extraction) begin to access water that is naturally mdtuoride.

T Reduced Recharge and DilutionExcessive abstraction reduces the volume of water
available for recharge, limiting the natural procesgliaition of contaminants like
fluoride. This lack of recharge, combined with excessive withdrawal, makesre
difficult for the aquifers to maintain lower fluoride concentrations, thus exacerbating
contamination.

7 Increased Concentration Due to Evapotranspiration In overexploited areas,
especially in semarid regions like Rajasthan and Gujarat, increagexindwater
extractionandincreased evaporation rat@sy increaseoncentrabn of contaminants
like fluoride in the remaining groundwater. Without adequate replenishment or

recharge, the fluoride concentration can rise as water evaporates.

It is evident fromFig. 22 that high fluoride samples are clustered where the depth to water
level is more than 20 meters or where fluofimaring rocks such as Basement Gneissic

Complex, Gneiss, Shale, Charnockite, and Intrusive rocks are presentf@r agstem.
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Distribution of Fluoride > 1.5 mg/L in India
During Pre- Monsoon 2023
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Figure 21. Over-exploited areas show a striking similarity with enriched F
concentration.

Fluoridebearing rockgsuch asBasement Gneissic Comple®neiss Shale Charnockite
andIntrusive rock} contain minerals that can release fluoride into the groundwater through
weatheringand dissolution These rocks are often naturally rich in minerals fikerite,
apatite andmica, which can leach fluoride into groundwater over time.

The increasedesidence timeof groundwater in contact with these fluordearing rocks
allows more fluoride to dissolve into the water, causing concentrations to exceed the
permissible limit (1.5 mg/L).
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Distribution of Fluoride > 1.5 mg/L w.r.t. Depth to Water Level .
Pre-Monsoon 2023 N P Distribution of Flouride > 1.5mg/L in India
during Pre-Monsoon 2023 N
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Figure 22 Map Showing High Fluoride Concentrations in Relation to Depth to Water
Level and Principal aquifers.

In areas wherdue to ovefextraction or seasonal variatidepth to water level exceeds 20
meters fluoride-contaminated layers may be accessed, leading to higher #uorid
concentrations. In regions where the water table is deeper, the rate of evaporation may also
increase. As water evaporates, it leaves behind fluoride ions in the remaining groundwater,
concentrating the fluoride and raising its levels above the perhei$isitits.

Shallow aquifers often receive more recharge from surface water, which may dilute the
fluoride concentrations. However, with lowering of water tatdeharge is limited, and any
fluoride present in the rocks is less likely to be diluted, leathna higher concentration of

fluoride in the groundwater

4.3.5 Remedial Measures for Fluoride
The fluoride remedial measures broadly adopted arsitextechniques. They can be

classified into three major categories.
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Technologies

to prevent
excess
fluoride in
Groundwater
. Adsorption .
Coagulation anz lonic
and lon- Separation
Precipitation Exchange Processes
» Alum Coagulation > Activated Alumina ~ Reverse Osmosis
> Electrochemical »Bone Char #~Nano Filtration
» Defluoridation » Anion Exchange Resins etc. » Electrodialysis

(a) Adsorption and ionexchange

This technique functions on the adsorption of fluoride ions onto the surface of an active agent
such as activated alumina, red mud, bone char, brick pieces column, mud pot and natural
adsorbents where fluoride is removed by ion exchange or sutieogical reaction with the

solid bed matriAmidst the commonly employed methods for fluoride removal, the
adsorption approach provides a outstandingly effective and economical procedure for
reducing fluoride levels from water within the permissible lefel.5 mg/L.In adsorption
processluoride enrichedvater is passed througitontacbedof adsorbenisedtheFluoride

gets adsorbedon adsorbentsurfaceand easily gets removediy ion exchange or surface
chemical reaction. After eriod of operation,saturated adsorbents must be refilled or
regeneratedVarious adsorbents used for fluoride removal include Activated AlumiiAg, (
Bonechar,Bauxite, Hematite,Magnesiayariousraresarthmaterialsp yash,limestoneand

clay, polymeriaesins granularceramics.

(b) Coagulationprecipitation

Precipitation methods are based on the addition of chemicals (coagulants and coagulant aids)
and the subsequent precipitation of a sparingly soluble fluoride salt as insoluble. Fluoride
removal is accomplished with separation of solids from liquid. Aluminium salts (eg. Alum),
lime, Poly Aluminium Chloride, Poly Aluminium Hydroxy sulphate and Brushite are some

of the frequently used materials in defluoridation by precipitation technique.b@&sie
example for this technique is the famous Nalgonda technique.
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Nalgonda Technique

Nalgonda technique involves addition of Aluminium salts, lime and bleaching powder
followed by rapid mixing, flocculation, sedimentation, filtration and disinfectias.dpined

that this technique is preferable at all levels because of the low price and ease of handling, is
highly versatile and can be used in various scales from household level to community scale

water supply.

The Nalgonda technique can be used for waater having fluoride concentration between

1.5 and 20 mg/L and the total dissolved solids should be <1500 mg/L, and total hardness <
600 mg/L. The alkalinity of the water to be treated must be sufficient to ensure complete
hydrolysis of alum added to ihd to retain a minimum residual alkalinity of 2 meg/L in

the treated water to achieve a pH of 6.8.5 in treated water. Several researchers have
attempted to improve the technique by increasing the removal efficiency of fluoride using
Poly AluminiumChloride (PAC) and Poly Aluminium Hydroxy Sulphate (PAHS).

(c) lonic Separation Processes

Reverse osmosis, nanofiltration, dialysis and electro dialysis are physical methods that have
been tested for defluoridation of water. Though theyeffiective in removing fluoride salts

from water, owever, there are certain procedural disadvantages that limit their usage on a

large scale.

4.3.6 Management Interventions

U High yielding wells with low fluoride concentrations should be identified. Thegle hi
yielding wells containing low fluoride concentrations should be used to provide drinking
water to communities with enriched fluoride wells.

U Wells with high fluoride concentration should be connected with wells with low fluoride
concentration. This blending may lower fluoride concentration to desired limit.

U There should be construction of multilage piped water supply schemes with
conventonal treatment, using surface water.

U It is recommended that appropriate drinking water projects should be constructed
according to the economic conditions and geological conditions of study area.

U Reducing the concentration of fluoride in water and thetauraf continuous exposure
are necessary to control population health risk of dental and skeletal fluorosis.

U With no alternate source of potable water, the Water Treatment Plant may be used. Public
Health Engineering Department, Government of Bihar hetalied Water Treatment Plant
to provide drining water to households in rural areas.
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U In areas of high concentration of Fluiride, Public should be made aware about the adverse
health effects of consumption of fluoride contaminated water.

U In endemic fluoros areas, even if the water fluoride level is well controlled, health
education and health promotion strategies are still necessary, and their importance must be
highly valued.

u Drilling of exploratory wells in fluoride affected areas by individuals shbeldegulated
and supervised by authorities.

4.4 Nitrate

Nitrate contamination in groundwater is a significant environmental and public health
concern, particularly in agricultural regions where the use of nitrbgead fertilizers and
animal waste is prevaié In India, approximately19.8% of water samplesacross the
country exceed the permissible limit for nitrate concentratiod%ing/L, which is the
threshold recommended by the World Health Organization (WHO) and Bureau Indian
standards (IS 10500) foridking water quality. The elevated nitrate levels in groundwater
can lead tanethemoglobinemia (blue baby syndromein infants. Adults can tolerate little
higher concentrations. The specified limits are not to be exceeded in public water supply. If

the limit is exceeded, water is considered to be unfit for human consumption.

Aqueous geochemical behavior of nitrogen is strongly influenced by vital importance of the
element in plant and animal nutrition. The most common contaminant identified in ground
wateris dissolved nitrogen in the form of nitrate in sub surface waters. Since, the nitrogen
content of soil is generally quite low the farmers have to look for external sources of nitrogen

by using ammonium nitrate, calcium nitrate, urea, diammonium hydrdymppate etc.

Although nitrate is the main form in which nitrogen occurs in ground water, dissolved
nitrogen also occurs in the form of ammonium (Hammonia (NH), nitrate (NQ),
nitrogen (N), nitrous oxide (MNO) and organic nitrogen, nitrogen whighincorporated in
organic substance. Nitrate in ground water generally originates from nitrogen sources on the
land surface in the soil zone or a shallow subsoil zone where nitrogen rich wastes are buried.
In some situations, nitrate that enters the gdowater system originates as nitrate in wastes

or fertilizers applied to the land surface.

The occurrences of Nitrate in ground water beyond permissible limit (45 mg /L) have been
shown on the map as a point souircé&ig 23 and also given in Annexwi®. It has been
observedhat there is no significant trendtime no. of districts having Nitrate concentration

more than 45 mg/ldetected at one or more location in different states of limdiearious
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Statesduring year 201to 2023 (Fig. 24 & Table 14). Statewise no. of water samples
analysedno. of locations having Nitrate > 45 mgénd % of locations having Nitrate > 45

mg/L during premonsoon is presented fing. 25 & Fig. 26.

80°0°0°E
i

Distribution of Nitrate > 45 mg/L in India

N

During Pre- Monsoon 2023
z | w =~ |f
g g
)
o aall ma\\
Lﬂ\ i ‘Li e
;ﬁ. ,\ LADAKH ; /
L] ——
JAMMU KASHM‘BK Y
o
g_ e S -5
i ; P
Y o0 :..t':.\M‘\ ARURECHAL PRADEL:‘EHV
P : ) ~e-. g SKK}W ?{) /w/ /7 (5
o @ — ~ )
5 o O T N
] 'S u .. weg 8 ,b % “4{ e GALAND
e . o o g0 © .Bﬂ'l .;, \,\ (_‘IEGHALAYA ;‘6 E
) A W""}\" <a ®e i | ? MNPy
2 R TR
l’fr Ba”— T&Wonﬁgm
N r % v
..Z ‘5.-\)

20°0°0°N
1
T
20°0°0°N

ANDAMAMINICOBAR

BN

o

=1

LEGEND
[ sTatE ) oy

@ Nitrate >45 mg/I

10°00°N
L
T
10°00°N

<

T T T
T0°0'0"E B0°0°0°E 90°0°0"¢

Figure 23: Locations having Nitrate concentration > 45 mg/L during Pre monsoon 2023.
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Trend of Nitrate occurance in India
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Figure 24: Trend in Nitrate concentratio in Pre-Monsoon Samples During 201-2023.

Table 14: Percentage of wells Exceed Nitrate > 45 mg/L during the period of 202023.

201 13028 359 2812 21. 6
201 13205 323 2569 19.5
201 12503 352 2476 19. 8
202 6284 223 1574 25.0
202 8427 257 1761 20. 9
202 15507 419 3348 21. 6
202 15259 440 3021 19. 8
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Table 15: State-wise percentage of wells having Nitrate > 45 mg/L during Pre 2023

State No. of samples Min Max No. of Samples  %. of Samples
analysed, Pre (NO3>45 mg/L) (NOs>45 mg/L)
2023) .
A & N Islands 113 0 42 0 0
Andhra Pradesh 1149 0 2296.36 270 23.5
Arunachal Pradest 12 0.28 7.5 0 0
Assam 155 0 42.38 0 0
Bihar 808 0 119 19 2.35
Chandigarh UT 8 1.4 18 0 0
Chhattisgarh 783 0 187.52 90 11.49
Delhi 103 0 994 21 20.39
Goa 10 0 9 0 0
Gujarat 632 0 772 114 18.04
Haryana 879 0 780.75 128 14.56
Himachal Pradesh 171 0 155.56 16 9.36
Jammu & Kashmir 250 0 181.46 23 9.2
Jharkhand 397 0 121.24 23 5.79
Karnataka 345 0 1926 169 48.99
Kerala 342 0 152.7 23 6.73
Madhya Pradesh 589 0 347 133 22.58
Maharashtra 1567 0 633.42 560 35.74
Meghalaya 39 0 27.22 0 0
Mizoram 3 1.27 4.26 0 0
Nagaland 6 0 42.64 0 0
Odisha 625 0 350 920 14.4
Pondicherry 4 28 47 1 25
Punjab 922 0 950 116 12.58
Rajasthan 630 0 1180 312 49.52
Tamil Nadu 916 0 433 346 37.77
Telangana 1150 0 1988.58 316 27.48
Tripura 81 0 45.73 2 2.47
Uttar Pradesh 1387 0 730 130 9.37
Uttarakhand 207 0 701 36 17.39
West Bengal 959 0 161 83 8.65
Total 15259 0 2296.36 3021 19.8

4.4.1 Analysis of States/Districts with High Nitrate Values
A significant proportion of water samples across several states in India show nitrate

concentrations exceeding the permissible limi#®»Mmg/L as per BIS, 1050(Fig. 25 & 26).

The states of Rajasthan, Karnataka, and Tamil Nadu are the most severtdy &fyautrate
contamination in groundwater, with more than 40% of water samples exceeding the nitrate
permissible limit. Maharashtra (35.74%), Telangana (27.48%), Andhra Pradesh (23.5%) and
Madhya Pradesh (22.58%) also show notable levels of nitrate ntioatgon, pointing
towards growing concern in central and southern regions of India. Uttar Pradesh (9.37%),
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Kerala (6.73%), Jharkhand (5.79%), and Bihar (2.35%) have comparatively lower
percentages of water samples exceeding the limiArtmachal Pradesh Asam, Goa,
Meghalaya, Mizoram and Nagalandall the water samples are well within the permissible
limit as per BIS, 10500.

Yearwise Comparison of Districts exceeding Nitrate limit (200@23) has been presented

in Fig. 27. In states likeRajasthan, Madhya Pradeshand Gujarat the number of districts

with nitratelevels above the permissible limit has remained relatively staldenstant over

the past several years (202923). This suggests that the groundwater quality with respect
to nitrate in these states are longstanding and persistent, with no major improvement or

deterioration in the number of affected districts ovenytears.

No. of districts Nitrate > 45 mg/L
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Figure 27: Year-wise Comparison of Districts with Nitrate exceeding permissible limit
of >45 mg/L (20152023).

On the contrary, states like Uttar Pradesh, Tamil Nadu, Andhra Pradesh and Haryana have
shown arincreasing trend in the number of districts with nitrate concentrations exceeding the
permissible limit from 2017 to 2028n the basis of available data 15 districts in India have
been identified as mostly affected with enricimétdateconcentration in igpundwaterTable

16).

Among the top 15 districts with the highestrate concentrations exceeding the permissible
limit of 45 mg/L, the distribution of affected districts is concentrated in a few states, with
MaharashtraRajasthanTelanganand Andhr&PradeshMaharashtra hate highest number
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of affected districtsTelangana also featugprominently in the top 15 list afitrate-affected
districts, withthreeaffected districts.

Table 16: State-wise Distribution of Top 15 Affected Districts with Nitrate concentration
exceeding permissible limitof 45 mg/L as per BIS,10500.

Rajasthan Barmer 56 37 66.07
Maharashtra Wardha 53 34 64.15
Telangana Rangareddy 70 44 62.86
Tamil Nadu Villupuram 48 27 56.25
Rajasthan Jodhpur 73 41 56.16
Maharashtra Buldhana 72 39 54.17
Maharashtra Amravati 77 40 51.95
Andhra Pradesh Palnadu 70 36 51.43
Maharashtra Nanded 46 22 47.83
Maharashtra Beed 63 30 47.62
Telangana Adilabad 51 24 47.06
Telangana Siddipet 51 24 47.06
Punjab Bathinda 50 23 46

Maharashtra Yavatmal 68 31 45.59
Maharashtra Jalgaon 52 23 44.23

In Barmer and Jodhpur district of Rajasthatrate concentration have remained relatively
stable.a rising trend imitrateconcentration has been obseryE). 28).

Barmer, Rajasthan Palnadu, A. Pradesh
65.5 66.67 66.67
60.98 71.8 70
59.38 54 67.6 o 618
a1 % 51.5 51.4
29 32 33 : . = » 37 33 a 6
5
9 9 4
2017 2018 2019 2022 2023 2017 2018 2019 2022 2023
® No. of samples ® No. samples >45 mg/L ® % of Samples(>45mg/L) m No. of samples ® No. samples > 45 mg/L ® % of Samples(>45mg/L)
Jodhpur, Rajasthan Erode, Tamilnadu
73 o 102 105
SI8Z, - st SE 16 84
46.67 48 %$7.6
a2 ) 1 53 68.3 56.0
30 - - 945'3 $6.2
4 2
2017 2018 2019 2022 2023 2017 2018 2019 2022 2023
m No. of samples ®m No. samples >45 mg/L = % of Samples(>45mg/L) m No. of samples ® No. samples > 45 mg/L = % of Samples(>45mg/L)

Figure 28 Yearly trend of nitrate more than permissible limit in some districts.
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4.4.2 Impact of Monsoon Recharge on Nitrate Concentration
While monsoon rains can improve water quality, it can also lead to increased concentration

of other parameters. One significance concern is rise in nitrate levels maicbe primarily
attributed to agricultural run off. Following monsoon season nitrate concentration often
increase due to surface run off from agriculture fields. During heavy rain fertilizers and other
contaminants can wash into aquifer elevating ratilatel. Pre - Post changes in nitrate

concentration in Ground Water in various states have been presemtduan.8.

Pre-Monsoon vs. PostMonsoon Nitrate Concentration

1 In the premonsoon seasoB0.77% of the water samples exceeded the permissible
nitrate contamination limit (45 mg/L).

1 After monsoon recharge32.66% of the water samples exceeded the permissible
nitrate limit, indicating a slight increase in contamination levels-pusisoon(Fig.
29).However, it is important to note that the impaat@insoon recharge varied across
different states.

Pre-M Post-M

% of samples (>45 mg/I) % of samples (>45 mg/L)
30.77% 32.66%

% of samples (<45 mg/I)

00.25% % of samples (<45 mg/L)

67.3%

Figure 29 Trend of Nitrate occurrence in samples collected during Pre and Post
Monsoon in the year 2023.
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Impact of Monsoon Recharge
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Figure 30: Impact of Monsoonrecharge in five key states on nitrate concentration.

The following states are identified as key regions where nitrate contamination is a significant
issue:
Maharashtra
o Pre-Monsoon 379 water samples exceeded the permissible limit for nitrate
contaminatia (Fig. 30).
o PostMonsoon
A Improvement: 196 locations showed a decrease in nitrate levels.
A Deterioration: 183 locations saw an increase in nitrate contamination
postmonsoon.
Telangana
o Pre-Monsoont 148 water samples exceeded the permissible limihitcate
contamination.
o PostMonsoon
A Improvement: 25 locations showed a decrease in nitrate levels.
A Deterioration: 123 locations showed an increase in nitrate
contamination after monsoon recharge.
Andhra Pradesh
o Pre-Monsoon 136 water samplesxceeded the permissible limit for nitrate
contamination.
o PostMonsoon
A Improvement: 42 locations showed a decrease in nitrate levels.
A Deterioration: 94 locations showed an increase in nitrate
contamination postonsoon.
Tamil Nadu
o Pre-Monsoon 84 water saples exceeded the permissible limit for nitrate
contamination.
o PostMonsoon
A Improvement: 40 locations showed a decrease in nitrate levels.
A Deterioration: 44 locations showed an increase in nitrate
contamination after the
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The monsoon precipitation appsdo have a dual effect on groundwater quality. While it
may help dilute nitrate concentrations in some areas, it also leads to a higher leaching of
contaminants from the surface to the groundwater, worsening the situation in other locations.
In states ointensive agriculture activities, particularly the cultivation of crops like wheat and
rice, relies heavily on synthetic fertilizers. Improper irrigation practices also contribute to this
rise. Excessive irrigation can cause nitrates from fertilizersrum[ade more deeply into the

soil, reaching the groundwater. As water is applied in large quantities, it carries dissolved
nitrates down through the soil layers, contaminating aquifers. Additionally, livestock farming
and improper management of animal wasin contribute to nitrate pollution. Animal waste,

if not managed properly, releases nitrates into the soil, which can eventually infiltrate
groundwater. Population growth and urbanization may have led to more wastewater and
sewage contamination, whiclsa contains high levels of nitrates. In some areas, poor sewage
disposal practices and septic system leaks can add to the nitrate load in groundwater. Finally,
reduced groundwater recharge due to urban development and climate change may exacerbate

the prdolem, as less water is available to dilute nitrate concentrations in affected aquifers.

Decrease in locations with nitrate concentrations exceeding 45 mg/L at some locations
indicate a positive trend in managing nitrate pollution. Several key factong ¢ietributed

to this reduction. Increased awareness of the environmental impact of excessive fertilizer use
has led to better management practices among farmers. Techniques such as soil testing and
precision farming are being promoted to optimize nitrelgased fertilizer application,

helping to minimize overuse and reduce nitrate leaching into groundwater. Additionally, the
adoption of organic farming practices, which typically involve fewer synthetic fertilizers, may

have further contributed to lowerimgirate levels in certain regions.

The introduction of more efficient irrigation methods, such as drip irrigation and sprinkler
systems, has played a significant role in this improvement. These techniques minimize water
wastage and reduce the risk of rnigréeaching caused by overigation, which can carry
fertilizers into groundwater sources. Improved management of livestock waste and
wastewater treatment has also likely reduced nitrate contamination. By ensuring proper
disposal and treatment of animredste and sewage, the entry of nitrates into groundwater can

be significantly curtailed.

This suggests the need for better groundwater management practices, including monitoring of

both groundwater quality and agricultural practices. To mitigate nitrate contamination, an
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integrated approach that combines improved irrigation management, wasteeatment,

and better agricultural practices is essential.

Table 17: Effect of monsoon recharge on Nitrate concentration at common locations
during pre and post monsoon

State/ UT No. of Improved Detriorated  Sites with Nitrate> 45 mg/L
Pre/Post locations  Locations Pre Post
samples No. % No. %

A & N Islands 29 18 11 0 0 0 0

Andhra Pradesh 280 138 142 136 48.57 117 41.79

Arunachal Pradesh 12 9 3 0 0 0 0

Assam 123 44 79 0 0 1 0.81

Bihar 180 120 60 12 6.67 11 6.11

Chhattisgarh 157 73 84 20 1274 17 10.83

Delhi 24 16 8 4 16.67 6 25

Himachal Pradesh 29 19 10 8 2759 9 31.03

Haryana 77 46 31 20 2597 25 3247

J&K 30 22 8 16 5333 20 66.67

Jharkhand 132 98 34 11 8.33 14 10.61

Karnataka 176 86 90 93 52.84 93 5284

Madhya Pradesh 531 351 180 121 2279 120 22.6

Maharashtra 746 432 314 379 50.8 441 59.12

Meghalaya 35 16 19 0 0 0 0

Mizoram 3 2 1 0 0 0 0

Nagaland 5 5 0 0 0 0 0

Odisha 116 74 42 14 12.07 28 24.14

Pondicherry 2 0 2 0 0 0 0

Punjab 39 19 20 22 56.41 18 46.15

Rajasthan 90 53 37 55 61.11 60 66.67

Tamil Nadu 198 122 76 84 4242 99 50

Telangana 355 138 217 148 41.69 125 35.21

Tripura 74 18 56 2 2.7 0 0

Uttar Pradesh 341 230 111 57 16.72 59 17.3

West Bengal 186 111 75 18 9.68 31 16.67

Total 3970 2260 1710 1220 30.73 1294 32.59

Table 18. Districts in which anomalous values of Nitrate (NO3 >45 mg/L) in
groundwater was detected at one or more location.

Andhra Pradesh 26 Alluri sita rama raju, Anakapalli, Ananthapur, Annamay
Bapatla, Chittoor, East Godavari, Eluru, Guntur, Kaking
Konaseema, Krishna, Kurnool, Nandyal, Nellore, NTR, Paln.
Parvathipuram Manyam, Prakasham, Sri SabgéSrikakulam,
Tirupathi, Visakhapatnam, Vizianagaram, West Godavari, °
Kadapa

Bihar 15 Arwal, Bhagalpur, Bhojpur, Buxar, Jehanabad, Kaimur, Kati
Madhepura, Madhubani, Muzzafarpur, Patna, Sabhi
Samastipur, Sheohar, Sitamarhi
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Chhattisgarh

Delhi

Guijarat

Haryana

Himachal Pradest

Jammu &
Kashmir
Jharkhand

Karnataka

Kerala

Madhya Pradesh

Maharashtra

Odisha

Pondicherry
Punjab

Rajasthan

Tamil Nadu

20

23

21

27

10

39

32

15

20

30

31

Balod, Balodabazar, Bemetara, Bilaspur, Dhamtari, D
Gariyabandh, Janjgir Champa, Jashpur, Kanker, Kawardha, K
Koriya, Mahasamund, Mungeli, Raigarh, Raipur, Rajnandg
Surajpur, Surguja

New Delhi, North, North West, Soutlsouth East, South Wes
West

Ahmedabad, Amreli, Anand, Arvalli, Bharuch, Bhavnagar, Chi
udepur, Dahod, Devbhoomi Dwarka, Jamnagar, Junag
Kachchh, Kheda, Morbi, Panchmahal, Porbandar, Ra
Sabarkantha, Suréurendranagar, Tapi, Vadodara, Valsad
Ambala, Bhiwani, Faridabad, Fatehabad, Gurugram, Hisar, Jh
Jind, Kaithal, Karnal, Kurukshetra, Mahendragarh, Mewat, Pal
Panchkula, Panipat, Rewari, Rohtak, Sirsa, Sonipat, Yamuna
Bilaspur, Hamirpur, Mandi, Sirmour, Solan, Una

Baramulla, Jammu, Kathua, Kupwara, Rajouri, Samba

Chatra, Garhwa, Gumla, Hazaribagh, Latehar, Loherdaga, Pa
Ranchi, Simdega

Bagalkot, Belgaum, Bellary, Bengaluru Rural, Bidar, Bijar
Chamarajanagara, Chikballapur, Chitradurga, Davana
Dharwad, Gadag, Gulbarga, Hassan, Haveri, Kodagu, K
Koppal, Mandya, Mysore, Raichur, ramanagara, shivm
Tumkur, Uttara Kannada, \dyanagara, Yadgir

Alappuzha, Idukki, Kannur, Kollam, Kozhikode, Malappure
Palakkad, Pathanamthita, Thrissur, Trivandrum

Agar malwa, Anuppur, Balaghat, Barwani, Bhind, Burhan|
Chhindwara, Damoh, Datia, Dewas, Dharna, Gwalior, Harda
Indore, Jabalpur, Jhabua, Katni, Khandwa, Khargone, Ma
Mandsaur, Morena, Narsinghpur, Neemuch, Panna, Raj
Ratlam, Rewa, Sagar, Satna, Shahdol, Shajapur, She
Shivpuri, Sidhi, Tikamgarh, Ujjain, Umaria

Ahmednagar, Akola, Amravati, Aurangabad, Beed, Bhanc
Buldhana, Chandrapur, Dhule, Gadchiroli, Gondia, Hinc
Jalgaon, Jalna, Kolhapur, Latur, Nagpur, Nanded, Nandu
Nashik, Osmanabad, Parbhani, Pune, Raigad, Sangli, S
Sindudurg, Solapur, Than®&/ardha, washim, Yavatmal
Anugul, Balangir, Bargarh, Cuttack, Dhenkanal, Kenduijl
Khordha, Koraput, Mayurbhanj, Nayagarh, Nuapada, F
Sambalpur, Sonapur, Sundargarh

Pondicherry

Amritsar, Barnala, Bathinda, Faridkot, Fazilka, Ferozepi
Gurdaspur, Hoshiarpur, Jalandhar, Ludhiana, Mansa, N
Muktsar, Nawanshahr, Pathankot, Patiala, Rupnagar, Sai
SAS Nagar, Tarn Taran

Ajmer, alwar, banswara, baran, barmer, bharatpur, bhilv
bikaner, bundi, chittaurgarh, churu, dausa, gangan:
hanumangarh, jaipur, jaisalmer, jalore, jhalawar, jhunjht
jodhpur, karauli, nagaur, pali, pratapgarh, rajsamand, s
madhopur, sikar, sirohi, tonk, Udaipur

Ariyalur, Chennai, Coimbatore, Cuddalore, Dharmapuri, Dindi
Erode, Kancheepuram, Kanyakumari, Karur, Krishna
Madurai, Nagapattinam, Namakkal, Nilgiris, Peramba
Pudukkottai, Ramanathapuram, Salem, Sivaganga, Than
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Theni, Thiruvannamalai, ifunelveli, Tiruvallur, Tiruvarur,
Trichy, Tuticorin, Vellore, Villupuram, Virudhunagar

Telangana 32 Adilabad, B. Kothagudem, Hanamkonda, J. Bhupalapally, Ja:
Jangaon, Jogulamba, Kamareddy, Karimnagar, KB Asifa
Khammam, Mahabubaba#jahabubnagar, Mancherial, Mede
Medchal Malkanjgiri, Mulugu, Nagarkurnool, Nalgonc
Narayanpet, Nirmal, Nizamabad, Pedapalle, R. SIRCIL
Rangareddy, Sangareddy, Siddipet, Suryapet, Vikare
Wanaparthy, Warangal, Yadadri Bhuvanagiri

Tripura 2 North Tripura, West Tripura

Uttar Pradesh 48 Agra, Aligarh, Allahabad/ Prayagraj, Amethi, Amroha, Aurai
Baghpat, Balrampur, banda, Budaun, Bulandshahar, Chitra
etah, Etawah, Fatehpur, firozabad, G.B. Nagar, ghazi¢
Ghazipur, GorakhpuHamirpur, Hapur, Hathras, Jalaun, Jaung
Jhansi, Kanpur Dehat, Kanpur Nagar, kasganj, Kaushe
Lalitpur, Lucknow, mahoba, mainpuri, Mathura, Meel
Mirzapur, Moradabad, Pilibhit, Rampur, Sambhal, Sant Rav
Nagar, Shahjahanpur, Shrawasti, Siddhaxggar, Sonbhadre
Unnao, Varanasi

Uttarakhand 5 Almora, Dehradun, Haridwar, Nainital, Udham Singh Nagar

West Bengal 18 Alipurduar, Bankura, Birbhum, Cooch Behar, Dakshin Dinajj
Darjeeling, Hooghly, Jalpaiguri, Jhargram, Malda, Murshidal
Nadia, North 24 Parganas, Paschim Bardhaman, Pas
Medinipur, Purulia, South 24 Parganas, Uttar Dinajpur

4.4.3Remedial Measures for Nitrate
For removal of nitrate both neineatment techniques like blending and treatment processes
such ason-exchange, reverse osmosis, biological denitrification and chemical reduction are
useful. The most important thing is that neither of these methods is completely effective in
removing all the nitrogen from the water.
a) Methods involving no treatmentn order to use any of these options the nitrate problem
must be locakcale. Common methods are

1 Raw water source substitution

1 Blending with low nitrate waters

This greatly reduces expenses and helps to provide safer drinking water tolengpers of
people.

b) Methods involving Treatment:
They are as follows
9 Adsorption/lon Exchange
Reverse Osmosis
Electrodialysis
Bio-chemical Denitrificatior(By using denitrifying bacteria and microbes)
Catalytic Reduction/Denitrification (using hydrogerspa

= 4 4
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The mechanism of nitrate pollution in subsurface porous unconfined/confined aquifer is
governed by complex biogeochemical processes. Apart from recharge conditions,
groundwater chemistry may be impacted by the mineral kinetics of-veatleiinteractions
Consequently, suitable nitrate removal technologies should be selected. Nitrate is a very
soluble ion with limited potential for eprecipitation or adsorption. This makes it difficult
suchas chemicalcoagulation, lime softening and filtration which a@mmonly used for
removing most of the chemicalpollutants such as fluoride, arsenic and heavy metals.
According to King et al., 2012 nitrate treatment technologies can be classified in two
categories in two categoriese., nitrate reduction and nitrate removal options. Nitrate
removal technologies involve physical processes that does not necessarily involve any
alteration of the chemical state of nitrate ions.-8i@mical reduction options aim to reduce
nitrate ions to otér states of nitrogem.g.,ammonia, or a more innocuous form as nitrogen
gas.In-situ bioremediation is also effectively used in used in nitrate treatmeomtaminated
groundwaterReverse Osmosis, catalytic reduction and blending are effective madfibrod
nitrate removal from groundwater. For nitrate removal, operating-tnemsbrane pressure

of RO unit generally ranges from 20 to 100 bar.

Figure 31: Advanced Nitrate Reduction Hollow Fiber Membrane Reactor(Source: Hand
Bookfor Drinking Water Treatment, JJM, Ministry of Jal Shakti, Gov. of India)

4.5 Chloride

The CI in groundwater mainly originates from natural (chlofid#hn minerals) or
anthropogenic diffused sources, e.g., domestic effluents, fertilizers and septiCtankisle

is present in athatural waters, mostly at low concentrations. Highly solublein water and
moves freely with water through soil and rod¢k.ground water the chloride content is mostly
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below 250 mg/L except in cases where inland salinity is prevalent and in coastal areas. BIS
(Bureau of Indian Standard) have recommended a desirafit of 250 mg /L of chloride in
drinking water; this concentration limit can be extended to 1000 mg/L of chloride in case no
alternative source of water with desirable concentration is available. However, ground water
having concentration of chlorideare than 1000 mg /L are not suitable for drinking purposes.
The Statewise distribution of Chloride in various range during Pre monsoon 2023 is given
in Table 20. In Fig. 32, the concentration of chloride (in mg/L) in ground water from
observation wells hae been used to show distribution patterns of chloride in different ranges
of suitability. It is apparent from the map that majority of the samples having chloride values
less than 250 mg/L are found mostly in the states of J & K, Himachal Pradesh, thittattak

Uttar Pradesh, Bihar, Jharkhand, Chhattisgarh, Orissa, M.P, Kerala, Maharashtra, West
Bengal, North- Punjab, Sikkim & NorthEastern states.

Rajasthan, Delhi, Haryana, andGujarat have been identified as having significant levels of
chloride contamiation, with chloride concentrations exceeding the permissible lindi0@®
mg/L set by the Bureau of Indian Standards (BIS, 10500).

In areas of inland salinity such as Rajasthan and Gujarat, upon evaporation hydrochemical
facies result in N&l type brire. In presentlay condition, it is apparent that over geologic
period of time when the aquifers got subjected to many annual wetting and drying cycles, the
highly soluble NaCl salts get enriched. The encrusted salt in alluviam belisselves in
aquiferduring precipitation. It is emanant from the map that the elevated level of chloride
has also noticed in the coastal areas of Andhra Pradesh, Gujarat, Tamilnadu Thiruvallur and
Ramanathapuram due to coastal salinity and isolated pockts in the thesdi$ulitarmapuri,

Karur, Namakkal, Perambalur, Salem, Vellore, Villupuram and Virudhunagar districts are
due to industrial activitiesStatewise percentage of wells having chloride >1000 mg/L is

shown as a bar diagramhing.33 and detail of locations isygen in Annexurdl.
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%. of Samples (Cl > 1000 mg/L) May, 2023
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Figure 33: State-wise % of water samples with Chloride > 1000 mg/L during pre
monsoon,2023.

* In Arunachal Pradesh, Asam, Biha, Goa, Dadra and Nagar Haveli, Himachal Pradesh, Pondicherry, Jammu and Kashmir,
Jharkhand, Madhya Pradesh, Meghalaya, Mizoram, Pondicherry, Tripura, Uttarakhand and Nap@@bedvatersamples
are well within the permissiblentiit as per BIS, 10500.

4.5.1 Understanding the Impact of Monsoon Recharge on Chloride concentration
The pie char{Fig. 34) depicts the distribution of Chloride in various ranges during both Pre

monsoon and Post monsoon 2023.

1 In the pre-monsoon seasagn3.07% of the total water samples exceeded the

permissible chloride limit of 2000 mg/L.

T In the postmonsoon seasanthe percentage of water samples exceeding the

permissible chloride limit increased 4al7%.

This increase in the percentage of samples excedangermissible chloride limit during

the postmonsoon season indicates that the monsoon recharge, rather than diluting the
contamination, may be contributing to the higher chloride concentrations in some regions. In
areas where shallow groundwater is irect contact with saline surface water the monsoon
recharge may facilitate the movement of chlonidé water into the shallow aquifer, thereby

raising chloride levels.
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Figure 34: Percentage groundwater samples in various Cl rage (Pre & Post, 2023).

Table 19: State-wise distribution of Chloride in various range during Pre monsoon 2023

< 250 mg/L 250-1000 mg/L  >1000 mg/L
No. % No. % No. %
Andaman & Nicobar Islands 113 112 99.12 1 0.88 0 0
Andhra Pradesh 1149 887 77.2 222 19.32 40 3.48
Arunachal Pradesh 12 12 100 0 0 0 0
Assam 155 154 99.35 1 0.65 0 0
Bihar 808 770 95.3 38 4.7 0 0
Chandigarh UT 8 8 100 0 0 0 0
Chhattisgarh 783 767  97.96 16 2.04 0 0
Dadra And Nagar Haveli 10 10 100 0 0 0 0
Daman and Diu 7 2 28.57 4 57.14 1 14.29
Delhi 103 52 50.49 33 32.04 18 17.48
Goa 10 10 100 0 0 0 0
Gujarat 632 379 59.97 192 30.38 61 9.65
Haryana 879 562 63.94 232 26.39 85 9.67
Himachal Pradesh 171 170 99.42 1 0.58 0 0
Jammu & Kashmir 250 249 99.6 1 0.4 0 0
Jharkhand 397 388 97.73 9 2.27 0 0
Karnataka 345 244 70.72 90 26.09 11 3.19
Kerala 342 341 99.71 1 0.29 0 0
Madhya Pradesh 589 545  92.53 44 7.47 0 0
Maharashtra 1567 1409 89.92 141 9 17 1.08
Meghalaya 39 39 100 0 0 0 0
Mizoram 3 3 100 0 0 0 0
Nagaland 6 6 100 0 0 0 0
Odisha 625 576 92.16 47 7.52 2 0.32
Pondicherry 4 4 100 0 0 0 0
Punjab 922 815 88.39 91 9.87 16 1.74
Rajasthan 630 210 33.33 250 39.68 170 26.98
Tamil Nadu 916 577 62.99 312 34.06 27 2.95
Telangana 1150 1007 87.57 137 11.91 6 0.52
Tripura 81 81 100 0 0 0 0
Uttar Pradesh 1387 1322 95.31 55 3.97 10 0.72
Uttarakhand 207 206 99.52 1 0.48 0 0
West Bengal 959 891 9291 64 6.67 4 0.42
Total 15259 12808 83.94 1983 13 468  3.07



4.5.2 Techniques available for Removal of Salinity
Traditionally, distillation has been the method used for desalting water for human

consumption or other use. Membrane methods have emémgedh the last 50 years and
now predominate among the desalination practices. The following describes each of the

various methods used for water desalination treatment.

1. Distillation Methods
There are several variations in distillatiechnology used in desalination. They are all based

on the vapourization of liquid water when brought to its boiling point. The nearly pure water
vapour produced is condensed and collected for use, while dissolved salts remain behind in
the remaining liqud feed water. Some of the methods by which distillation is practiced are as

follows:

A Masthge flash;

Mul tiple effect,;

Vapour compressi on;

Membr ane distillation; and

o To To Do

Sol ar humi di ficati on.

2. Membrane Technologies
Membrane processes involve pag of impaired feed water through a sqrarmeable

material which can filter out unwanted dissolved or undissolved constituents, depending on

the size and treatment of the openings. Membrane technologies identified include:

A Reverse Osmosi s;

A Mi cation/Ulirafiltration/Nanofiltration;

A Electrodialysis Reversal; and
A Forward Osmosi s.

3. Hybrid Technology:
A method of reducing overall costs of desalination can be the use of hybrid systems using

both RO and distillation processes. Such a system qmaldde a more suitable match

between power and water development needs.

4.6 Iron

Iron is a common constituent in soil and ground water. It is present in water either as soluble
ferrous iron or the insoluble ferric iron. Water containing ferrous iron is clear and colorless
because the iron is completely dissolved. When exposed theinater turns cloudy due to
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oxidation of ferrous iron into reddish brown ferric oxide. The concentration of iron in natural
water is controlled by both physiaimemical ananicrobiological factors. It is contributed to
groundwater mainly from weathering €rruginous minerals of igneous rocks such as
hematite, magnetite and sulphide ores of sedimentary and metamorphic rocks. The
permissiblelron concentration in ground water is 1n@g/L as per the BIS Standard for
drinking water. The occurrences of iranground water beyond permissible limit (> 1.0 mg
llitre) have been shown on the maps as point soFigs35). It is based on the chemical
analysis of water samples mostly collected from the groundwater observation wells/ springs/
hand pumps. The detait§ the sampling sources are given in Annexdrélhe iron point

value map indicates Northern and Central India having more iron content in groundwater
compare to Western Indian part. The most iron affected States are Bihar, Chhattisgarh,
Jharkhand, OdishaJttar Pradesh and West Bengal. The summary list of districts in which
iron in ground water is found to exceed the permissible limits for drinking water in localized
areas is shown imable20.

4.6.1 Remedial Measures for Iron

a) Oxidation and filtration : Before iron can be filteredt, need to be oxidized to a state in

which they can form insoluble complexes. Ferrous iroAjF& oxidized to ferric iron (F8),

which readily forms the insoluble iron hydroxide complex Fe @Manganese (M) is

oxidized to (Mrf*), which forms insoluble (Mng). The common chemical oxidants in water
treatment are chlorine, chlorine dioxide, potassium permanganate and ozone. The dose of
potassium permanganate, however, must be carefully controlled. Too little perntangdna

not oxidize all the iron and manganese, and too much will allow permanganate to enter the
distribution system and cause a pink coldzone may be used for iron and manganese
oxidation. Ozone may not be effective for oxidation in the presence roichor fulvic
materials. If not dosed carefully, ozone can oxidize reduced manganese to permanganate and
result in pink water formation as well. Manganese dioxide particles, also formed by oxidation
of reduced manganese, must be carefully coagulated woectheir removal.

59



Figure 35: Map showing areas of Iron contaminated (>1.0mg/L) groundwater in India.
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