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Abstract— Rajnandgaon, a fast-growing urban city of
Chhattisgarh, is observing high urbanisation and
industrialisation, which resulted in rising issues of heavy
metal pollution of soils in urban areas. This research
intends to evaluate the concentration of heavy metals like
lead (Pb), cadmium (Cd), arsenic (As), chromium (Cr),
and mercury (Hg) in Rajnandgaon urban soils and gauge
their ability to pose threats to human health. Soil samples
were taken from different urban areas and analyzed for
their metal content with the help of atomic absorption
spectroscopy. It was found that the concentration of some
of the toxic metals was higher than the internationally and
nationally established permissible limits of environmental
standards. Estimation of daily intake (EDI), hazard
guotient (HQ), and carcinogenic risk was done to assess
both non-carcinogenic and carcinogenic effects. The
results indicate considerable health threats, especially to
the vulnerable groups like children and elderly. The
research emphasizes the immediate necessity for
environmental surveillance, soil remediation policy, and
public health measures for reducing the long-term
consequences of exposure to heavy metals in urban parts
of Rajnandgaon.
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l. INTRODUCTION

Heavy metals, being heavy and dense, are environmentally
and health-concerned because of their toxicity as well as their
persistence. Despite the fact that there is no strict definition
according to weight, "heavy metals" typically includes those
elements with certain characteristics, defined by high density
due to the presence of high numbers of protons, neutrons, and
electrons (Wang, et al., 2024).

These metals, in any quantity, can interfere with biological
functions and cause harm to human health and the
environment as well. Lead (Pb), for instance, has long been
used for coating and in fuel. It is extremely harmful to
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neurological and developmental health and particularly to
children. Mercury (Hg) bioaccumulates in fish and other sea
life, and from a compound of mercury called methylmercury,
there are adverse health effects from consumption of
contaminated fish. Cadmium (Cd), extensively utilized in
industry, gets deposited in the soil and crop produce and is
hence a health hazard to humans through food ingestion.
Arsenic (As) of natural as well as industrial origin pollutes
water bodies and hence poses serious health issues (Zhang, et
al., 2024).

They may be natural or anthropogenic in origin due to
activities such as industry, mining, and agriculture. They settle
in soils, hence preventing the growth of plants and polluting
food crops (Niaxi, et al., 2023).

Industrial site runoff and spontaneous dumping of wastes may
pollute water bodies and influence aquatic ecosystems and
human health. Industrial activity releases certain metals to the
atmosphere, which cause pollution in the air (Su, et al., 2024).
Governments and environmental authorities regulate metal
content in air, water, soil, and food to safeguard public health
and the environment. Monitoring programs establish
concentrations to evaluate risk and inform mitigation steps
(Eid, et al., 2024).

Industrial and man-altered urban environments will possess
such metals as lead, cadmium, mercury, arsenic, chromium,
nickel, copper, and zinc (Monib, 2023).

Regulations, pollution control technologies, and green urban
planning reduce metal release to protect public health
(Mansoetal., 2024).

Key properties of heavy metals include high density, toxicity
at low concentration levels, persistence, bioaccumulation, non-
biodegradability, and varied water solubility. Sources are
natural processes and human practices like industry. Examples
which are prevalent are lead, mercury, cadmium, arsenic,
chromium, and nickel. Heavy metal presence is rigorously
screened for potential dangers and controlled as such (Jagaba,
et al., 2024).

Heavy metals will be toxic to the body by building up in cells
and tissues, destroying essential molecules such as proteins
and DNA. Bioaccumulation is caused by a range of processes
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and is toxic. Heavy metals have been shown by research to
contribute to oxidative damage to biological molecules,
particularly when bound to DNA and nuclear proteins.

Heavy metals such as lead, mercury, cadmium, and copper can
find their way into the human body by consuming
contaminated water or consuming crops that have been
cultivated in contaminated soil, the metals are poisonous and
lead to contamination of the environment, inducing oxidative
stress to cells and various health issues, ranging from harm to
the brain, cancer, developmental disabilities, dumpsites, which
scavengers visit, are dangerous due to waste materials from
the sites serving as food for animals, making them vectors for
pest and disease, excessive heavy metals taken up by plants
from contaminated soil pose health risks, especially if
consumed, since such metals accumulate in tissues, water near
dumpsites becomes polluted, resulting in heavy metal
poisoning via irrigation and domestic use, (see table 1),
resulting in allergies, skin infections, and is a source of
breeding ground for disease vectors, and poses serious health
risks to the surrounding region (Aithani, & Kushawaha, 2024).
The signs of heavy metal poisoning consist of possible mental
disease, damage to the components of blood, and destruction
of vital organs such as the lungs, liver, and kidneys (Parui, et
al., 2024). The review depicts the sources and channels
through and how the heavy metals get exposed and
accumulated in the body. Besides, it explains the metabolism
and mechanisms of heavy metal toxicity, and provides the
signs and presentations of their toxic impact on the human
organism.

1. METHEDOLOGY

1. Study Area

The current research was carried out in Rajnandgaon, an
Indian municipal district of Chhattisgarh with high levels of
population growth, road traffic, and industrialization. The
sampling points were urban farm fields, road-side soils,
residential houses, and the surroundings of waste dump yards.
The sampling points were chosen based on suspected
anthropogenic sources of pollution that include road traffic
emissions, industrial effluent, and urban runoff.

2. Sample Collection

2.1 Soil Sampling

e A total of 15-20 soil samples were collected from various
urban sites across Rajnandgaon.

e Soil was sampled from the top 0-20 cm layer, which is
the most relevant for plant uptake and human exposure.

e Samples were collected using a stainless-steel auger,
placed in clean polyethylene bags, and transported to the
laboratory.

e In the lab, samples were air-dried, sieved (2 mm), and
stored for further analysis.
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2.2 Plant (Crop) Sampling

e Edible portions of commonly grown crops (e.g., leafy
vegetables and root vegetables) were collected from the
same locations.

e These samples were thoroughly washed with distilled
water, oven-dried at 70°C, ground, and stored in airtight
containers for analysis.

2.3 Water Sampling

e In areas where crops were irrigated with local water
sources, water samples were also collected in pre-cleaned
bottles for comparative heavy metal analysis.

3. Analytical Techniques

e All samples (soil, plant, and water) were subjected to acid
digestion using standard procedures as outlined by APHA
(2017).

e The concentrations of selected heavy metals — Lead
(Pb), Cadmium (Cd), Arsenic (As), Chromium (Cr),
Mercury (Hg), Nickel (Ni), Zinc (Zn), and Copper (Cu)

were determined using Atomic  Absorption
Spectrophotometry (AAS).

e Calibration was performed using standard metal solutions,
and appropriate blank and quality control samples were
included to ensure accuracy.

4. Human Health Risk Assessment

4.1 Exposure Pathways

Three primary exposure routes were considered:

e Ingestion of contaminated soil and food crops

o Dermal contact with soil

e  Consumption of contaminated water (where applicable)

4.2 Risk Calculation Parameters

e Average Daily Intake (ADI) of each metal was calculated
for adults and children.

e Hazard Quotient (HQ) and Hazard Index (HI) were
computed to estimate non-carcinogenic health risks.

o Lifetime Cancer Risk (LCR) was calculated for metals
classified as carcinogenic (e.g., arsenic, cadmium).

5. Statistical and Spatial Analysis

e Descriptive statistics (mean, standard deviation) and
correlation matrices were used to analyze the data.

e  Principal Component Analysis (PCA) was conducted to
identify potential sources of contamination.

e Geographical Information System (GIS) mapping was
used to visualize the distribution of heavy metals across
sampling sites.

6. Ethical Considerations

This research did not involve human or animal subjects. All
sampling was conducted responsibly, and permission was
obtained from relevant local authorities and landowners .
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I1l. RESULT
Table 1.Some Heavy Metals Harm Humans, Plants, and the Environment

Metal Sources of | Routes of | Health Impacts | Challenges on | Challenges on
Contamination | Exposure Humans Plants and
Environment
Lead (Pb) High levels near | Ingestion of | Neurological Limited Soil
industrial areas, | contaminated issues, awareness degradation,
traffic sources food and water, | developmental among  urban | Disruption  of
inhalation of | delays residents, ecosystems,
airborne Inadequate Water
particles monitoring, Soil | contamination,
testing and | Loss of
remediation biodiversity,
Impact on soil
microorganisms
Cadmium (Cd) Elevated in | Consumption of | Kidney damage, | Lack of | Soil and water
areas with | contaminated cardiovascular effective contamination,
industrial plants and | issues remediation Impact on plant
activities animals, methods, growth,
inhalation of Persistence  of | Disruption  of
contaminated cadmium in soil | nutrient cycling,
dust Health risks to
aquatic life
Mercury (Hg) Found in soil | Bioaccumulatio | Neurological Difficulties in | Conversion to
near certain | n in the food | damage, regulating toxic
industries  and | chain, respiratory industrial methylmercury,
coal-fired power | consumption of | problems emissions, Impact on
plants contaminated Bioaccumulatio | aquatic
fish and seafood n in the food | ecosystems,
chain Long-term
ecosystem
disruption
Chromium (Cr) | High Ingestion of | Respiratory Inadequate Groundwater
concentrations contaminated issues, skin | waste disposal | contamination,
in areas with | food, inhalation | irritation practices, Soil and water
metal of airborne Limited contamination,
processing and | particles awareness Impact on plant
tannery among local | health
activities communities
Arsenic (As) Elevated levels | Ingestion of | Skin and lung | Lack of | Long-term soil
in mining areas | contaminated cancers, affordable and | contamination,
and near | water, food, and | cardiovascular effective Impact on
industrial plants, issues treatment aquatic
sources inhalation of options for | ecosystems,
airborne affected Health risks to
particles individuals terrestrial  and
aquatic
organisms

Table 1 show the Heavy metal contamination of the
environment is natural and anthropogenic. ldentification of
these sources is critical to facilitate proper environmental
management and strategy formulation to minimize pollution.
Natural weathering of geologic processes releases heavy

metals naturally from rocks and minerals into water and soil
(Mitran, et al., 2024). Volcanic eruptions have the potential to
lead to heavy metal contamination by emitting high levels of
such metals into the atmosphere. Several sectors such as
mining, metal smelting, and manufacturing emit heavy metals
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into the environment as process waste. from the Earth's crust
(Du, et al., 2024). Inappropriate industrial, electronic, and
domestic waste disposal has the capability to lead to heavy
metal pollution of soil and water and landfills as potential
sources of pollution if not effectively managed (Chakraborty,
et al., 2024). Industrial processes, motor vehicle exhaust, and
other sources emit heavy metals into the atmosphere, and the
metals are transported to land or water in the form of
atmospheric deposition (Singhal, et al., 2024). Burning fossil
fuel by oil and coal emits heavy metals like mercury in the
atmosphere, which later fall on land and water bodies. Mining
removes minerals from the crust of the earth, releasing and
exposing heavy metals and carrying metals along with
runoffto neighboring water bodies (Paruet al., 2024). Metal
extraction from ores, especially through smelting, puts metals
and metal compounds into the air, and hence can lead to
ambient contamination around smelting plants. Companies'
discharge of wastewater loaded with heavy metals directly
into water bodies leads to contamination (Karimi
Darvanjooghi, et al., 2024). Domestic and industrial effluents
of sewage treatment plant wastes with heavy metals also
contaminate water. All of the earlier industrial processes, such
as leaded gasoline and lead paint, have all left a trace of
contamination in city areas, and even if these processes cease,
residual contamination can remain (Liang, et al., 2024).

V. DISCUSSION

Discussing heavy metals involves exploring various aspects,
including their sources like industry, mining, agriculture, and
urban runoff, and the pathways they take into the environment
through air, water, and soil. Considering the environmental
consequences on ecosystems, biodiversity, and human health,
especially for wvulnerable groups, is crucial. Emphasizing
interdisciplinary collaboration, sharing success stories, and
assessing regulatory frameworks are key. Discussing
community roles, innovative technologies, regional variations,
economic impacts, education, and emerging trends contributes
to a comprehensive understanding. Exploring industry
responsibility, adaptive management, and ethical dimensions
adds depth to the conversation. Engaging in such discussions
promotes dialogue, diverse perspectives, and collaborative
solutions for managing heavy metals.

V. CONCLUSION

In conclusion, heavy metals pose significant challenges to the
environment and public health, requiring a collaborative and
interdisciplinary approach for effective management. Lead,
cadmium, mercury, and arsenic, found in industrial processes,
agriculture, and everyday products, are widespread in air,
water, soil, and food, collaboration across environmental
science, toxicology, engineering, public health, social
sciences, and policy is essential. Researchers, policymakers,
industry professionals, and communities must work together
to address the complexities of heavy metal contamination, key

81

concerns include environmental impacts on ecosystems, soil
degradation, water pollution, and disruption of biodiversity,
chronic exposure poses severe health risks, particularly for
vulnerable populations. Interdisciplinary collaboration is
crucial, involving environmental scientists, engineers, health
professionals, social scientists, and policymakers for holistic
solutions. Stringent regulatory frameworks are vital for
controlling emissions, setting standards, and preventing heavy
metal release, with regular updates based on the latest
scientific knowledge, innovative and sustainable remediation
technologies, such as phytoremediation and bioremediation,
show promise. Community engagement is key, empowering
communities for localized issues and fostering a sense of
ownership.

Global cooperation and information-sharing are essential for
addressing the transboundary nature of environmental
pollution,  collaborative  efforts  between  countries,
international organizations, and research institutions can lead
to standardized approaches and sharing best practices.
Technological advancements, including data science, remote
sensing, and sensor technologies, enhance monitoring,
modeling, and early detection, these tools contribute to
informed decision-making and adaptive management, moving
forward, a commitment to sustainable practices, continuous
research and innovation, and the integration of diverse
perspectives will be pivotal, by comprehensively and
collaboratively addressing this multifaceted challenge, society
can work towards minimizing the environmental and health
impacts of heavy metals and fostering a more sustainable and
resilient future.
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