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ABSTRACT

Pure water is very essential for all living organisms and it depends on the source because water
quality effects on health of people. Analysis of heavy metals in potable water is necessary, must be
under permissible limit as per WHO and BIS. These enter in water naturally through rock weathering,
volcanic eruptions, wildfires, rain, dust deposition, and water interactions with rocks and soil (Gupta,
et al., 2013 and Sheykhi and Moore, 2016). Industrial pollution, medicinal pollution, air pollution and
water pollution etc. are also responsible for this type of pollution. Rajasthan is known for its arid
climate and people face significant challenges related to freshwater availability. In a study, it is found
that some water samples are highly contaminated with heavy metals like lead (Pb), selenium (Se), and
mercury (Hg). By using statistical analysis, it is found, that the some heavy metals are from human
activities and other from geological. This review is carried out to study heavy metals pollutants in
drinking water and its effect on health and emphasizes the need for awareness and mitigation.
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INTRODUCTION

Natural water, air and soil are precious natural
resources. But the water, air and soil quality have
been affected, due to various human activities. The
water quality has been degraded due to
environmental pollution. The environmental
pollution increases due to various industrial
processes in different types of industries and also
from the waste disposal from agricultural field due
to use of insecticides, pesticides and fertilizers
(Gupta, et al., 2013). Some examples are, the lead
from leaching of aging pipes, arsenic from natural
rock formations. Improper waste disposal allows
metals to seep into soil and water.

Climate change and extreme weather events can
mobilize metals in the environment, increasing their
presence in water sources. Urban runoff washes
metals from roads and buildings into water
supplies. Zinc, copper, lead cadmium, nickel,
chromium and mercury are also one of the reason of
environmental pollution. The pollution due to heavy
metals in environment are increasing rapidly and

this depends on source of pollutant. The nature of
heavy metals is non-biodegradable and also
deposited in various body parts.  Therefore, heavy
metals are very harmful for human beings. Its nature
is to deposit in many body parts.

Heavy metals which are soluble in nature are
very toxic to human beings even in small quantity, it
creates several harmful diseases to human beings
and not easily eliminated from body. Nowadays
heavy metals are being used in industries in good
quantity and waste water from these industries
having good quantity of heavy metals and create
problems in environment (Sheykhi and Moore, 2016;
Sekhon, et al., 2025). This issue is particularly critical
in water-scarce regions such as Rajasthan, where
every drop of rain is invaluable. Rajasthan is largely
classified as a dry state, with freshwater and
agricultural resources being a major concern for
both the public and state agencies. Despite this, the
state is home to valuable wetland ecosystems
increasingly threatened by pollution, land
encroachment, and mismanagement. The
deterioration of these wetlands not only harms their
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biodiversity but also jeopardizes the livelihoods of
the people who depend on them. Therefore, urgent
efforts must be made to conserve and protect these
vital ecosystems (Kumar and Gupta, 2025).

In Rajasthan, Jaipur city, situated  in  the  central
region,  where  rapid  urban  growth  and industrial
development are very fast in the past two decades.
Numerous industrial areas have emerged
throughout Jaipur and its neighbouring regions
during this period. Industrialization has been a
prevalent  issue  of  heavy  metal  pollution, referring
to  the  presence  of  toxic  metallic elements with
high density and low concentration tolerance,
including  copper,  manganese,  lead, cadmium,
iron,  mercury,  zinc,  and  nickel (Sharma, et al.,
2024). A study has been conducted by PHED and
found that the open wells in the villages area having
high concentration of Zinc, Chromium, Sodium,
Lead and Iron, as per Bureau of Indian standard,
these are at higher side.Ground water of this area
has been highly polluted. So, ground water of this
area is not being used by the industries (Goyal, and
Chauhan, 2014).

HEAVY METALS

We can also say heavy metals are metallic chemical
elements group, that are generally characterized by
their high density, atomic weight, or atomic number.
While some are essential for biological functions in
trace amounts, many are toxic, even at low
concentrations, because they are deposited in living
organisms examples mercury, lead, cadmium,
arsenic etc.

MATERIALS AND METHODS

Research on heavy metal pollutants in potable water
of Rajasthan, mainly in Jaipur, water sources was
reviewed through many research papers. The
established methodologies were used to measure
cadmium, chromium, copper, mercury, arsenic, lead,
nickel, iron, manganese, and zinc. The obtained
results were compared with WHO and BIS (Punitha
and Selvarajan, 2018 and Chakraborti, et al., 2003).
Accurate detection and continuous monitoring of
heavy metals in water bodies are essential for
effective risk assessment and mitigation strategies.

 In India, due to the growing concern over
contamination, multiple techniques have been used
in recent decades to measure the presence of toxic
metals like arsenic, lead, cadmium, and chromium

in both surface and groundwater. The standard
methods have been used to detect the heavy metals
in potable water, in which atomic absorption
spectroscopy and inductively coupled plasma
spectrometry are used. For example, these
techniques have been used in arsenic testing in West
Bengal and Uttar Pradesh and detecting higher
concentrations i.e.  0.28 mg/l in certain wells (Jarup,
2003). Recent advancements in India have included
biosensors and nanotechnology-based sensors.
Biosensors using enzyme-based detection have been
piloted in Tamil Nadu and Maharashtra, showing
potential for detecting lead concentrations as low as
5 µg/L. Although still at an experimental stage,
these methods could offer real-time, on-site
detection with minimal infrastructure (CPCB, 2009).

REVIEW OF LITERATURE

The survey has been conducted in 2011 by Central
Pollution Control Board and found that, more than
66% of India’s surface water was classified as
polluted due to various contaminants, including
heavy metals. Specific instances such as arsenic
contamination in groundwater across West Bengal,
Bihar, and Uttar Pradesh affect more than 30 million
people (Jarup, 2003). The presence of pollutants
mainly focused on heavy metals in Indian water
bodies originates from anthropogenic and natural
sources. While geogenic contributions from mineral
weathering and soil erosion play a role,
industrialization, urbanization, and unregulated
waste disposal are the primary contributors to
elevated levels of toxic metals in surface and
groundwater.

Another analysis results showed that significant
arsenic contamination in groundwater in Thoubal
and Bishanpur districts, Manipur, with over 45% of
samples exceeding WHO limits, some up to 50 times
higher (Chandrashekhar, et al., 2014). It was
monitored that the heavy metals in the Yamuna
River, Delhi, during summer and winter, finding
lead, cadmium, copper, zinc, and cobalt within
safety limits. Elevated levels of iron, nickel, and
manganese at specific locations were linked to
industrial discharges and seasonal temperature
variations, highlighting potential industrial
pollution. The high levels of Cr and Cd in
groundwater at Ropar wetland, exceeding safety
limits and posing a risk of non-cancerous health
issues, particularly for children in winter. The
contamination was likely due to monsoon leaching,
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presenting a potential danger (Jarup, 2003). The
Punjab water samples were tested and found that
the maximum metals within acceptable levels,
though some groundwater exceeded arsenic and
iron limits, with high iron concentrations in specific
areas (CPCB, 2009).

According to a recent study, the heavy metals
pollutants in drains flowing into the Ghaggar River
in Punjab, India. It was found that high quantity of
lead, iron and aluminium, which were not under the
safe quantity. The pollution indices indicated severe
contamination, due to which high health issues for
nearby residents. The ground water samples of
Ranbir Singh Pura tehsil of Jammu and Kashmir, an
area known for basmati rice cultivation, and found
that 60% of samples were contaminated with high
levels of  copper, iron, lead and chromium
contamination posing significant health risks to the
local population (Chandrashekhar, et al., 2014).

In another study, it was found that lead exposure
from contaminated drinking water is linked to renal
failure, brain damage, learning difficulties,
hypertension, and reproductive issues. Lead
poisoning poses a significant health risk to children,
affecting their physical development, nervous

system, and academic performance, and is
associated with delinquent and anti-social
behaviour. The impurities such as heavy metals
have been found in potable water sources and also
effects the public health of this area (Sharma, et al.,
2019; Krishan,  et al., 2021 and Kaur,  et al., 2023).
Another study has been focused on to analyse
heavy metals such as,  lead, aluminum, iron, arsenic,
copper, zinc, cadmium, manganese, silver, and
chromium.  Which are highly toxic  and
contaminated the water resources (Sharma, et al.,
2019). However, the growing contamination of
water sources, particularly with heavy metals, poses
a substantial threat to water quality and human
well-being.

 As water is a vital source of life, pollution is a
major concern in today’s world (Dogra, et al., 2023
and Sharma, et al., 2016). In Rajasthan, there is water
scarcity in many areas and ground water is not
easily available, the assessment of heavy metals
contamination is very important (Kannan, et al., 2021
and Meena, et al., 2006).

The sources of these impurities are ink, dye and
paint manufacturing industries, tannery industries,
electroplating solid-state water manufacturing and
automobile industries. Disposal of wastewater /
effluent from various industries primarily textile,
painting and dyeing is the main reason of ground
water pollution in the districts of Pali, Jodhpur,
Jaipur, Bhilwara and Kota in Rajasthan. The
different concentration of these  metal ions
impurities and other impurities are found in ground
water samples of Sanganer, Jagatpura, Sitapura
industrial area and Vishvakarma area. This is due to
the percolation of these heavy metals and inorganic
compounds into soil and contaminating the ground
water resources.

The ground water in many parts of Rajasthan is
contaminated with pollutants, like lead, aluminum,
cadmium, manganese, copper etc. At certain sites,

Table 2. Sources

S.No. Heavy Metals Sources

1 Arsenic (As) Pesticides, fungicides, mining, and coal burning
2 Cadmium (Cd) Coal and mineral fertilizers, nuclear fission plants, welding, batteries, electroplating,

pesticides
3 Chromium (Cr) Tannery industries, textiles, electroplating, mining
4 Copper (Cu) Pollution from industrial activities, household sewage, and the erosion of rocks

containing copper
5 Lead (Pb) Ores and metal processing, automobile emission, paint industries, mining, burning of

coal
6 Mercury (Hg) Atmospheric deposition, direct discharge of industrial waste, paint, pesticides
7 Zinc (Zn) Soldering, cosmetics, and pigments

Table 1. Permissible Limits for Toxic Metals in Water
(WHO, 2017) (Sekhon, et al., 2025)

S.No. Heavy Metals WHO  (mg/l)

1 Copper 0.02
2 Chromium 0.003
3 Cadmium 0.05
4 Arsenic 0.01
5 Iron 0.30
6 Lead 0.01
7 Mercury 0.001
8 Manganese 0.05
9 Nickel 0.02
10 Zinc 5.0
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due to high value of heavy metals ground water was
not fit for drinking purpose (Sharma, et al., 2024 and
Singh, 2016). In a study of Bikaner, groundwater
samples were collected from 26 sites and analysed
for various ions like aluminium, arsenic, cadmium,
chromium, iron etc. and found that mercury and
manganese were above the permissible limit and
sodium was beyond the permissible limit in some
water samples. This may be due to over exploitation
and generates awareness about ground water
treatment technologies for utilization of water. As
per results, the health of people will be affected
(Kaur, et al., 2025).

The various parameters of samples of Barmer
(Rajasthan) was studied and  found that different
variation in concentration of different various
parameters. Nemerov index technique represents
the more accurate status of ground water quality
and found that more results were under permissible
limit in different seasons except few (Parihar, et al.,
2025). RIICO industrial area of Dholpur District,
which is in Eastern Rajasthan  was revealed that
various parameters were above permissible limit of
BIS and WHO. Water is unusable for human beings
and there is need of effluent treatment system to
protect the ground water (Singh, et al., 2024).

In another study, it was found that drinking
water contains high levels of lead, cadmium, iron,
manganese and zinc parameters. These may be very
harmful for human health. The sources of these
impurities were different types of waste, waste
treatment plant, leaching etc.

After several studies it has been found that heavy
metals are the major environmental problem
because it is non-biodegradable and live long life. To
protect the environment, the development of
remediation technique is necessary. This technique
must be efficient and economical so that everywhere
it can be used. Results obtained in a study, showed
that arsenic, cadmium, chromium, iron, manganese
and lead were not found in any groundwater
samples, but copper found only in one sample and
nickel were below recommended values. As per ISI
permissible limit the Zinc has been found at higher
side in two drinking water samples. After analysis of
water samples, it was found that the ground water
of residential areas near industries may be used for
drinking purposes except two samples.

CONCLUSION AND RECOMMENDATIONS

The environment has been degraded due to many

industries. The electrical conductivity, organic
carbon and heavy metals in environment mainly in
soil, water and air  has been accumulated. The
heavy metals are entering in food chain and effect
on public health. This article explores the impact of
cadmium, lead, arsenic, zinc etc. on human health.
Contaminated water, often polluted by human
activities, effects the ecosystems and human beings.
As per the test report, the concentrations of copper,
zinc, iron, lead, aluminum, manganese, arsenic,
chromium, silver and cadmium, were below the
detection limits. The levels of these metals were
found to be low, as detected by laboratory’s
instrumentation. The low levels of these metals in
the water sample are encouraging, but further
investigation is still needed to fully assess the overall
potability of the water supply (Sharma, et al., 2019
and Sankhla, et al., 2019). The toxicity of these metals
may damage, the central nervous system and also
effects on other organs.

In conclusion, addressing heavy metal
contamination in India demands a multi-pronged
strategy: robust scientific monitoring, region-specific
remediation technologies, policy reform, public
health interventions, and strong community
engagement. Future efforts must be focused on
improving inter sectoral coordination, enhancing
rural technical capacities, and fostering innovation
in low-cost and sustainable technologies. Only a
holistic, evidence-based, and inclusive approach will
ensure India’s water resources protection and health
of its people (Arora, 2015).
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