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Abstract

Heavy metal poisoning is a critical health concern caused by exposure to toxic
metals like lead, mercury, arsenic, and cadmium. These metals, found in
industrial emissions, contaminated water, and certain foods, accumulate in the
body, disrupting essential biological processes. While some heavy metals, such
as iron and zinc, are necessary for life in trace amounts, others pose significant
health risks, even in minimal concentrations. Nonessential heavy metals can
lead to severe health problems, including neurological, cardiovascular, and renal
damage. This study provides an overview of the sources, health impacts, and
management of heavy metal poisoning. Common sources include contaminated
water, industrial waste, pesticides, and improper waste disposal. Symptoms vary
depending on the metal, ranging from abdominal pain and cognitive deficits in
lead poisoning to tremors and motor dysfunction in mercury exposure. Arsenic
exposure is linked to skin and lung cancers, while cadmium can damage kidneys
and bones. Diagnosis typically involves evaluating patient history and testing
blood or urine for metal concentrations. Treatment focuses on chelation therapy,
which uses agents to remove metals from the body, alongside supportive care.
Preventing exposure is crucial, requiring stricter regulations, public health
education, and advanced water treatment technologies. Effective management
of heavy metal poisoning hinges on identifying contamination sources,
regulating emissions, and ensuring regular monitoring to protect both human
health and the environment.

INTRODUCTION

Heavy metals are characterized by an atomic number
greater than 20 and an atomic density higher than that
of water, typically exceeding 5 g/cc. Heavy metals
are broadly categorized into essential and
nonessential types. Some of these metals, known as
Essential Heavy Metals, are vital for the proper
functioning of living organisms and are needed in
small quantities. Examples include iron (Fe), copper
(Cu), zinc (Zn), manganese (Mn), and cobalt (Co).
Essential heavy metals are crucial for biological
processes such as growth, metabolism, and organ
development. These metals are required in trace
amounts, typically around 10-15 ppm, and are
considered micronutrients. On the other hand, Non-
essential heavy metals can be detrimental to
organisms, as they may be toxic or cancer-causing
pollutants.il Nonessential heavy metals, such as
cadmium (Cd), lead (Pb), mercury (Hg), chromium
(Cr), and aluminum (Al), are not needed by humans,
animals, or plants for any metabolic processes, even
in trace amounts.?

Heavy metal poisoning, caused by exposure to high
levels of metals such as lead, mercury, arsenic, and
cadmium, is a serious health risk. Even trace amounts

of these metals can disrupt biological processes and
lead to severe health issues. This article provides an
overview of the sources, symptoms, health impacts,
and strategies for diagnosing, treating, and
preventing heavy metal poisoning.

MATERIALS AND METHODS

This study on heavy metal poisoning analyzed patient
records from the outpatient department (OPD) of a
tertiary care hospital over the past five years,
focusing on clinical presentations, diagnostic results,
and treatment outcomes. To complement the clinical
data, an extensive literature review was conducted,
utilizing peer-reviewed journals accessed through
databases like PubMed, which provided insights into
the epidemiology, pathophysiology, and
management of heavy metal poisoning. Toxicology
and environmental medicine textbooks were also
referenced for foundational knowledge and treatment
protocols. An internet search was performed to gather
the latest information from reputable health
organization websites and research institutions,
ensuring up-to-date guidelines, statistical data, and
emerging trends were included. This integrated
approach combining patient data, scientific literature,
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textbooks, and online sources offers a comprehensive
analysis of heavy metal poisoning, its clinical
implications, and effective management strategies.
The data has been presented in the form of a brief
overview of the problem.

RESULTS AND DISCUSSION

The results and discussion have been summarised
as under: Sources and Effects of Heavy Metal
Exposure

Lead: Commonly Lead enters the body through food
or drinks and less commonly by inhalation and skin
contact. The sources are contaminated soil,
household dust, drinking water from lead pipes, some
cosmetics, and traditional medicines. Certain
occupations like the workers in the paint industry
have higher chances of lead poisoning. Nowadays
lead has been withdrawn from paints to avoid
exposure to humans.®4

In addition to bones, teeth, and blood, various other
tissues such as the brain, spleen, kidneys, liver, and
lungs also store lead in the body.[! Minor quantities
of lead are excreted through feces, hair, nails, and
sweat. Lead generate reactive radicals that harm
cellular structures such as DNA and cell membranes.
Lead also disrupts enzymes involved in vitamin D
synthesis and enzymes responsible for maintaining
cell membrane integrity.!

Mercury: Exposure occurs through consuming fish
and shellfish contaminated with methylmercury,
dental amalgams, and some industrial processes.
Cooking does not eliminate mercury from
contaminated food. Inhaling elemental mercury
vapors in industrial settings. Mercury thermometers
and sphygmomanometers were also a source of
contamination, nowadays those have been replaced
with digital ones. Most individuals experience low-
level mercury exposure, often through chronic
exposure that involves continuous or intermittent
long-term contact. However, acute exposure could
result from an industrial accident involving
mercury.[’

Mercury is believed to cause the toxic rise in reactive
oxygen species (ROS). Oxidative stress is linked to
the development of neurodegenerative disorders like
Parkinson's and Alzheimer's diseases Among
mercury compounds, methylmercury is mainly
accountable for the neurological changes observed in
both humans and experimental animals.(1
Exposure to mercury is associated with an elevated
risk of hypertension, myocardial infarction, coronary
dysfunction, and atherosclerosis.[*-17]

Arsenic: Present in contaminated water, particularly
in regions with high natural arsenic levels in
groundwater, and in certain pesticides and herbicides.
Arsenic is utilized in the manufacturing of glass,
pigments, textiles, paper, metal adhesives, wood
preservatives, and ammunition. It is also found in
tobacco smoke.[®!

Arsenic impacts nearly all organ systems because it
interferes with a wide range of enzyme reactions.
Brain, nerves, heart, kidney, gastrointestinal tract and
skin are affected by exposure to Arsenic.

Cadmium primarily causes damage by generating
free radicals, which impair mitochondrial activity and
can lead to cell death. That is why it affects multiple
organs like lungs, liver, kidneys, bones and blood
cells.l8l

Cadmium: Found in industrial emissions, battery
manufacturing, cigarette smoke, and contaminated
food and water. Cd enters the body through diet,
smoking, and certain occupational practices such as
mining, smelting, and battery production.
Additionally, crops such as wheat, rice, potatoes, and
vegetables can accumulate high levels of cadmium
when irrigated with water contaminated by industrial
wastewater. ]

Water Contamination by Heavy Metals

As discussed earlier, the most common source of
heavy metal poisoning is consuming contaminated
water directly or indirectly. It is a significant
environmental and public health challenge,
impacting regions across the globe. In India areas
along the Ganges River have high levels of heavy
metal contaminants due to industrial discharges,
agricultural runoff, and untreated sewage. India’s
neighboring countries, especially Bangladesh and
China, are also facing a similar problem. Extraction
and processing of minerals can release heavy metals
into nearby water bodies. Hence, Mining industries
are also responsible for water contamination in the
region, which is seen in Nigeria, South Africa, Peru
and Brazil.

Agricultural Runoff: Pesticides and fertilizers
containing heavy metals can leach into water sources.
Waste Disposal: Improper disposal of electronic
waste and other materials can lead to heavy metal
water contamination.

Symptoms and Health Impacts: Lead Poisoning:
The common symptoms are abdominal pain,
constipation, fatigue, headache and irritability. These
symptoms are found in other disorders also. Hence, a
high degree of suspicion regarding exposure should
be taken into account. In severe cases, seizures,
coma, and death can occur. Chronic exposure can
lead to cognitive deficits, developmental delays in
children, and kidney damage.!

Mercury Poisoning: The nervous system is
commonly affected by mercury poisoning. Acute
exposure causes tremors, insomnia, memory loss,
neuromuscular effects, headaches, and cognitive and
motor dysfunction. Chronic exposure is linked to
kidney and nervous system damage.[”

Arsenic Poisoning: Symptoms of acute poisoning
are vomiting, abdominal pain, diarrhea, and dark
urine. Chronic exposure can result in skin lesions,
peripheral neuropathy, and a higher risk of skin,
bladder, and lung cancer.t%

Cadmium Poisoning: Acute exposure to Cadmium
leads to nausea, vomiting, abdominal pain, and
respiratory issues. Chronic exposure causes Kidney
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damage, bone demineralization, and a higher risk of

cancer.[t112

Diagnosis: Detailed diagnosis and treatment

specifics are outside the scope of this review; only

fundamental principles and methods are outlined.

Diagnosis typically includes:[*3

» Medical History and Physical Examination:
Evaluating exposure history and identifying
symptoms.

» Laboratory  Tests: Determining metal
concentrations in blood and urine.

» Specialized Tests: Utilizing hair analysis, X-rays
(for lead), and other imaging studies in certain
cases.

Treatment(*314

* Chelation Therapy: The primary treatment
involves using chelating agents to bind heavy
metals and promote their excretion. Common
agents include EDTA for lead, dimercaprol for
arsenic and mercury, and penicillamine for
copper and lead.

« Supportive Care: In severe cases, treatments
such as intravenous fluids, medications to manage
symptoms, and monitoring organ function are
essential.

» Avoidance of Further Exposure: ldentifying
and eliminating the source of exposure is critical
to prevent further toxicity.

Prevention(ts!
Heavy metals pose a risk to the health of humans,
animals, and plants. Preventing exposure to
contaminated sources is crucial. Water bodies must
be protected from industrial discharges, pesticide-
laden irrigation runoff, and waste product
contamination.
Regulation and Policy: Regulatory bodies must
establish and enforce regulations to limit emissions
and contamination from industrial sources.
Implementing  stricter controls on industrial
discharges and mining activities can reduce heavy
metal contamination. Regular monitoring is essential
as this should be an ongoing process, not a one-time
action.
Public Health Initiatives: Educating the public
about the risks of heavy metals and promoting safe
practices to minimize exposure s necessary.
Community participation is vital in addressing this
issue at both personal and community levels.
Regular Monitoring: Consistent monitoring of at-
risk populations and environments is needed to detect
and address contamination early. Occupations with
potential exposure risks should be provided with
personal protective equipment. Authorized medical
personnel should conduct regular health check-ups.

Water Treatment: Advanced water treatment

technologies, such as reverse osmosis and

phytoremediation, can effectively remove heavy
metals from contaminated water.

CONCLUSION

Heavy metal poisoning is a significant public health
concern due to the widespread presence and
persistence of these toxic metals in the environment.
Understanding the sources, symptoms, and treatment
options is crucial for managing and preventing heavy
metal toxicity. Continued efforts in regulation, public
education, and monitoring are essential to protect
public health from the dangers of heavy metal
exposure.
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