Journal of Academy of Biomedical Sciences (JABS)

An official Journal of Indian Academy of Biomedical Sciences (IABS)
www.iabsjournal.com

Review Article

Published : 10t October 2025
Volume 2 |Issue 1

Lead Toxicity Unveiled: A Comprehensive Review of Its
Health Impacts and Risks

Babita Tiwari, Abbas Ali Mahdi, Ghizal Fatima*

Department of Biotechnology, Era University, Lucknow, UP, India.

*CORRESPONDENCE:
Ghizal Fatima,
(ghizalfatima8@gmail.com)

Abstract

Lead toxicity is caused by elevated levels of lead in the body which induce a wide array of health
issues, particularly in young children and pregnant women. The lead exposure can led to severe
and often irreversible health consequences, especially in children and pregnant women. Children
suffering from lead poisoning may exhibit developmental delays, cognitive impairment, and
behavioral challenges, while in adults, it can manifest as cardiovascular disease, hypertension, renal
dysfunction, and neurological disorders and many more disease causes. The chief sources of lead
exposure encompass contaminated water, lead-based paints, soil, and specific industrial activities.
Despite, the implementation of regulatory measures and public awareness programs, lead toxicity
persists due to continuous environmental and occupational exposures. Efficient management
strategies commence with the identification and elimination of the source of exposure, with
chelation therapy being utilized in moderate to severe cases to reduce lead levels in the body.
Supportive care, including hydration and nutritional assistance, plays a crucial role in the recovery
process. Long-term interventions focus on environmental measures to eradicate lead sources and
public health initiatives to aid affected communities. This review delves into the mechanisms of
lead toxicity, elucidates current diagnostic underscores the criticality of sustained endeavors in
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prevention and policy formulation to mitigate lead exposure and its adverse health impacts.

INTRODUCTION

Lead (Pb) is an inherently occurring, extremely toxic, non-
biodegradable heavy metal with a bluish-grey hue present
in the Earth’s atmosphere. Its extensive utilization has led
to widespread environmental pollution, human exposure,
and significant people health challenges across numerous
regions worldwide." Lead has been intertwined with human
activities for thousands of years, dating back to 6000 years
ago. The utilization of lead in the production of kitchenware,
trays, and decorative items was common among ancient
civilizations. Despite its historical significance, lead poses
significant risks to human health, particularly impacting the
hematopoietic, nervous, reproductive, and urinary systems.
Various sources of lead exposure include industrial processes
like lead smelting, combustion, pottery making, and the use
of lead-based paints, as well as through water, food, dust,
soil, and other everyday items.? The majority of lead toxicity
cases stem from oral ingestion and absorption through the
gastrointestinal tract. Adults exposed to lead in occupational
environments are more prone to lead poisoning, with the

central nervous system being the primary target. Symptoms
of lead exposure in the hematopoietic system include
microcytic, hypochromic anemia with basophilic stippling of
red blood cells. Elevated lead levels in children may manifest
as hyperactivity, anorexia, decreased playfulness, low 1Q,
and poor academic performance. During pregnancy, lead
can cross the placenta, leading to adverse outcomes such
as intrauterine demise, preterm birth, and low birth Weight.3
Lead toxicity, a pervasive and perilous public health issue,
arises from the accumulation of lead in the body, leading to
a spectrum of adverse health effects. Despite, its historical
applications in diverse industries and products, lead remains
a hazardous heavy metal, has been widely recognized for its
toxicity and detrimental impact on human health.

Lead Poisoning

Lead poisoning, also known as plumbism or saturnism, is a
form of metal poisoning resulting from the presence of lead
in the body. This condition presents a significant public health
concern characterized by the accumulation of lead within the
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body,leadingtoavariety of severehealthissues.Exposuretolead
can occur through multiple sources, including tainted water,
lead-based paints, soil, and industrial processes.* Lead, a toxic
substance, impacts nearly all physiological systems in the
body. Upon absorption, it accumulates in the blood, bones,
as well as vital organs like the liver, kidneys, brain, and skin.
The adverse health effects of lead can manifestin both acute
and chronic forms, given the body’s inefficient excretion of
Pb. Children are more vulnerable to lead exposure compared
to adults due to factors like pica, hand-to-mouth behavior,
and higher rates of intestinal absorption and retention. Severe
lead exposure in children, with blood lead levels exceeding 80
microg/dL, can result in coma, seizures, and potentially fatal
consequences. Even lower levels of lead can have harmful
effects on the central nervous, hematopoietic, and renal
systems. Recent studies have shown detrimental impacts
on children at blood lead levels as low as 10 microg/dL. The
Center for Disease Control (CDC) has recently revised the
acceptable threshold level for lead in blood from 25 microg/
dL to 10 microg/dL.>

Lead is an environmental contaminant, induces
considerable adverse impacts on a variety of bodily organs
(Table 1). The absorption of lead can take place through the
skin, yet its primary route of entry into the body is through
therespiratory and gastrointestinal systems. Exposure to lead

Table 1: Showing different disease caused by lead toxicity in organs
of human body.

has the capacity to instigate neurological, respiratory, urinary,
and cardiovascular ailments via modulation of the immune
system, oxidative stress, and pathways associated with
inflammation. Furthermore, lead possesses the capability to
disturb the equilibrium of the oxidant-antioxidant system and
prompt inflammatory reactions in diverse organs.

Heavy Metal Toxicity
Heavy metals, including lead, are acknowledged for their
toxic properties. Human exposure to these toxic heavy metals
isinevitable, given their ubiquitous presence in the air, water,
and food sources. Anthropogenic and industrial activities
have substantially elevated human exposure levels to heavy
metals.® (Figure 1). The concerns regarding heavy metal
toxicity hold significant importance for both environmental
sustainability and human health, particularly in developing
regions. These metallic elements, characterized by their
nonbiodegradable, toxic, xenobiotic, and bio accumulative
nature, pose a considerable health burden when present in
excess. Itis essential to note that toxic metals are not solely a
byproduct of human activities but also originate from various
natural processes such as volcanic eruptions, wildfires, rock
weathering, and soil formation. These elements are naturally
present in the environment and are distributed throughout
various ecosystems.” These elements are naturally occurring
within the environment and are presentin a variety of sectors
such as industrial, residential, agricultural, medical, and
technological environments.

Theindustrial activities contributing to the accumulation
of heavy metals involve a wide range of operations. These

S.No. Organs Symptoms of Pb Poisoning ’ -
operations encompass metal refinement processes,
1 Eyes Blindness of parts of visual field, coal burning in power stations, petroleum combustion,
Hallucination functioning of nuclear powerfacilities and high-voltage cables,
2 Ear Hearing loss manufacturing of plastics, textiles, and microelectronics,
timber preservation, and paper production in factories.®
3 Mouth Unusual taste, Slurred Speech, blue The build-up of heavy metals primarily originates from human
line along the gum
4 Kidney Damage and failure, facing difficulty in
the execratory function
5 Liver Jaundice Natural Anthropogenic
So
6 skin Pallor and/or lividity S source
CNS Insomnia, loss of appetite, Depression, l»
memory loss, Coma [ Groundwater, ] [ Lead paint,
8 Reproductive Sperm dysfunctions, preterm birth, soil, dust batterles, pipes
organ pregnancy problems lr
9 Stomach Constipation, Nausea, pain [ Mining smelting I [ AUtomob'le I
of ores emission
10 Blood Anemia . [ Fertilizers, ]
: . Herbal remedies pesticides
11 General Weight loss, fatigue ‘
12 Neuro-Muscular | Loss of coordination, Weakness [ Cosmetics, toys ]
13 Bones Decreased bone density Figure 1: Shows different sources of Lead in Natural and
Anthropogenic sources.
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actions and the current level of industrial development.
Human exposure to these metals happens through the
consumption of food, air, and water.

Sources of exposure of Lead

Lead and lead compounds can be inhaled, swallowed,
absorbed via the skin, absorbed from a leaded foreign body
that has been retained or entrenched, or absorbed through
the placenta (endogenous) pathway.’ One of the most well-
known sources of lead exposure is paint that contains lead.”®
Lead-Based Paint is sources of lead exposure are paint that
contains lead, particularly in older homes and buildings,
is lead-based paint. Before its ban in many countries, lead
was a common ingredient in paint due to its durability and
color retention properties. Homes built before the 1978
ban in the U.S. are often at risk for lead contamination from
deteriorating paint. Lead pipes and solder used in plumbing
systems can leach lead into drinking water, especially if
the water is acidic or has a low mineral content. Although
many modern systems have replaced lead components,
older systems still pose a risk. Soil near roadways, industrial
sites, or long-standing buildings can be polluted with lead
from ancient use of leaded gasoline, industrial emissions,
or lead-based paint. Certain professions, such as battery
manufacturing, painting, and metal recycling, can expose
workers to high levels of lead. Inadequate protective
measures and poor hygiene practices can lead to significant
lead exposure. Construction, battery manufacturing, and
painting industries often have higher risks of lead exposure.
Jobs involving lead soldering, smelting, or recycling can be
particularly hazardous. Products such as cosmetics, toys,
and jewelry from countries with less stringent regulations
may contain lead, posing additional risks, particularly to
children."" Lead toxicity poses significant challenges to plant
health, growth, and productivity, with broader implications
for ecosystems and human health (Figure 2)."? Addressing
lead contamination through appropriate management and
remediation strategies is crucial for sustaining agricultural
and environmental health.
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Figure 2: Showing harmful effect on plants.

Routes of exposure of lead

Lead is having no known physiological role, can interfere
with essential metals like zinc, iron, and calcium, leading
to various toxic actions depending on the dose and target
organ. These actions encompass alterations in ion status,
cellular communication, protein interactions, oxidative stress,
inflammatory responses, disruption of endocrine function,
cellular demise, and genotoxic effects. The primary sources of
lead exposure involve oral ingestion and inhalation, whereby
acute lead poisoning may arise from the intake of toxic
amounts of lead compounds like lead acetate or lead tetra
oxide." Nevertheless, the majority of cases of lead poisoning
via oral route stem from regular consumption of minute
quantities of lead-infused materials such as contaminated
soil, dust, paint fragments, tainted food, traditional remedies
with lead components, or ingestion of foreign objects
containing lead.

Young individuals, owing to their extended periods
spent in a single area, inclination to engage in ground
activities, frequent hand-to-mouth actions, and inclination
to handle potential lead-laden objects, are particularly
vulnerable to ingesting polluted soil and dust. Children
exhibiting pica may demonstrate continual ingestion of
paint chips containing lead or soil contaminated with lead.'*
Occupational exposure via inhalation of lead particles
or fumes serves as a notable pathway for lead intake.
Inhalation can also occur in residential settings if there is
lead-contaminated airborne dust, such as during activities
involving paint removal. While dermal exposure may occur
in work environments or through the utilization of beauty
products containing lead, it is generally regarded as a minor
exposure route. Isolated cases of lead compound injection
have been infrequently recorded.

Lead Toxicity Pathophysiology

Lead toxicity affects multiple systems by disrupting essential
biological processes. Absorbed through ingestion, inhalation,
or skin contact, lead binds to red blood cells and is distributed
to soft tissues and bones (Figure 3). It inhibits enzymes by
binding to sulfhydryl groups and displaces essential metal
ions like calcium, iron, and zinc. In the nervous system, lead
disrupts neurotransmitter function and increases oxidative
stress, leading to cognitive deficits and behavioral issues.
It impairs heme synthesis, causing anemia, and damages
renal tubules, leading to nephropathy. Lead also contributes
to hypertension and disrupts bone remodeling, causing
osteoporosis and delayed fracture healing.

Toxic effects of Lead

The detrimental impacts of lead extend to nearly all bodily
systems, notably causing adverse neurodevelopmental
effects in children and cardiovascular complications in adults.
Manifestations of lead poisoning exhibit a wide range of
symptoms across individuals, affecting various bodily systems
including gastrointestinal, hematological, neurological, renal,
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Figure 3: Showing pathophysiology of lead in human body.

reproductive, immunological, endocrine, and cardiovascular
systems. Severe cases of poisoning can give rise to critical
conditions such as encephalopathy. Acute Exposure may
include abdominal pain, headache, and irritability. Severe cases
can cause seizures and encephalopathy. Long-term exposure
can lead to more severe health issues, such as cognitive
deficits and chronic diseases._In cases of acute poisoning,
gastrointestinal and hepatic effects may manifest within days,
followed by renal, hematological, and neurological effects
over weeks. Some individuals may remain asymptomatic
despite high blood lead levels, while others might develop
severe poisoning. Retention of a lead foreign body can
result in prolonged exposure to lead.” Lead exposure poses
a significant global health burden, particularly affecting
vulnerable populations like children. It leads to cognitive
deficits, behavioral issues, and developmental delays,
impacting educational outcomes and lifetime productivity.
Adults face increased risks of hypertension, cardiovascular
diseases, kidney damage, and osteoporosis due to chronic
exposure. Lead toxicity also contributes to anemia and other
hematological disorders. Economically, lead poisoning results
in substantial healthcare costs and loss of human capital.
Despite regulations reducing exposure in many regions, lead
remains a critical public health issue in low-and middle-income
countries, necessitating continued efforts in prevention,
screening, and intervention strategies.'®
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Lead exposure poses a significant global health
burden, particularly affecting vulnerable populations like
children. It leads to cognitive deficits, behavioral issues, and
developmental delays, impacting educational outcomes
and lifetime productivity. Adults face increased risks of
hypertension, cardiovascular diseases, kidney damage, and
osteoporosis due to chronic exposure. Lead toxicity also
contributes to anemia and other hematological disorders.
Economically, lead poisoning results in substantial healthcare
costs and loss of human capital. Despite regulations reducing
exposure in many regions, lead remains a critical public health
issue in low, and middle-income countries, necessitating
continued efforts in prevention, screening, and intervention
strategies.'®

Gastrointestinal Effects

The effects on the stomach that are frequently seen in cases
of lead intoxication are generally non-specific. These include
weight loss due to anorexia, constipation, pain or discomfort
in the abdomen, nausea, vomiting, diarrhea, and a metallic
taste. Often associated with severe constipation and vomiting,
lead colicis characterized by severe and painful intermittent
cramps in the abdomen that can occasionally resemble other
illnesses such as acute abdomen, appendicitis, cholecystitis,
intestinal blockage, or ileus.”” People who don't practice
good oral hygiene may have a “lead line” (also known as a

9vVOM
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Burton or blue line) along the gingival crest. This is made up
of dark lead sulfide granules that are created when lead and
hydrogen sulfide, which is created when bacteria break down
organic materials, combine. Grey patches may also show up
on the tongue and buccal mucosa. Consuming wildlife that
has been hunted or purposefully ingesting shotgun pellets
can accumulate in the appendix and cause lead poisoning
and/or appendicitis.

Neurological effects

Lead exposure disrupts neurotransmitter function and
hampers neuronal development. In children, it impacts
brain growth, leading to cognitive deficiencies, learning
impediments, and behavioral issues. Conversely, adults may
experience peripheral neuropathy, memory impairment,
and mood disorders.'® Several of these consequences are
irreversible. Lead poisoning has the ability to trigger life-
threatening encephalopathy in individuals across all age
brackets, with a particular susceptibility observed among
young children. The initial manifestations include sporadic
episodes of vomiting, decreased appetite, changes in
behavior such as aggression, irritability, and restlessness, as
well as symptoms like headache, clumsiness, and occasional
drowsiness. These indicators may progress to persistent
vomiting, lack of coordination, seizures, abnormal posturing,
severe swelling of the brain, heightened pressure within the
skull, unconsciousness, and ultimately, death. Instances of
optic nerve damage associated with increased pressure within
the skull have been recorded. In the absence of intensive
medical intervention, fatality can ensue within 48 hours of the
initial seizure activity. It is important to note that the presence
of concurrent malaria could exacerbate susceptibility to
lead poisoning, leading to severe neurotoxic effects even at
lower concentrations of lead in the bloodstream.' Severe
lead poisoning is capable of resulting in cognitive deficits,
neurologicalissues, seizure disorders, vision impairment, and
weakness affecting one side of the body. Prolonged exposure
to lead may bring about more subtle changes in neurological
function in both children and adults.

Cardiovascular Effects

Extensive evidence suggests a correlation between lead
exposure and heightened cardiovascular disease risk,
encompassing hypertension, ischemic heart disease, and
stroke. The precise level, timing, frequency, and duration
of lead exposure associated with these outcomes remain
uncertain. Due to the prolonged latency of these conditions,
early-life exposure to high lead levels is likely to play a
crucial role, even if present blood lead levels are low.%°
While, individual blood pressure effects are modest, the
population-level impact can be substantial, leading to
Elevated rates of iliness and death stemming from ischemic
heart conditions and strokes have been linked to lead
exposure. An examination of data derived from the Third
National Health and Nutrition Examination Survey in the
United States revealed a notable correlation between an

escalation in blood lead levels from 1.0 pg/dL to 6.7 pg/dL
and mortality rates associated with cardiovascular ailments
and ischemic heart disease.?’ The researchers approximated
that reducing blood lead concentrations to 1 ug/dL or lower
could potentially lead to a 37.4% reduction in mortality rates
from both of these illnesses.

Renal Effects

The chronic presence of lead can result in renal impairment,
as lead accumulates in renal tissues, causing damage to
nephrons and hindering renal function. This can lead to
conditions like hypertension and renal failure. Exposure to
lead possesses the capability to bring about both immediate
and prolonged kidney damage. Acute kidney impairment
involves harm to the proximal renal tubules and compromise
in renal function (known as Fanconi syndrome), resulting in
the presence of proteins, amino acids, phosphates, glucose,
and cellular components in the urine. Typically, acute renal
injury is reversible. Continuous contact with lead may lead
to progressive kidney damage, culminating in irreversible
chronic renal insufficiency. Key characteristics encompass
increased levels of uric acid, which heighten the risk of
gout, and elevated blood pressure. Due to the intricate
relationship between the renal and cardiovascular systems,
where renal dysfunction elevates blood pressure and high
blood pressure damages the kidneys, any impacts on one
or both systems can initiate a cycle of deteriorating health.
The onset of lead-induced renal dysfunction is subtle, often
staying asymptomatic until significant renal issues arise.??

Reproductive and Developmental Effects

The transfer of lead through the placenta in expectant
mothers can have repercussions on the growth of the fetus,
resulting in low birth weight, premature birth, and delays
in development. Additionally, exposure to lead can impact
male fertility and reproductive health. There is some evidence
suggesting that exposure to lead disrupts the production of
thyroid hormones, cortisol, and vitamin D. Lead exposure
has been associated with delays in growth and reduced
height (including smaller head circumference) in children,
along with delayed onset of puberty in girls. Impotence
and decreased sexual desire have been noted in individuals
affected by lead poisoning. Lead exposure might reduce both
the quality and quantity of sperm, while also increasing the
risks of infertility. The adverse effects of lead on reproductive
outcomes in females have been acknowledged for a long
time, historically being used as a substance to induce
abortion. Maternal exposure to lead, even at low levels, has
been linked to reduced fetal growth, lower birth weight,
high blood pressure, and potentially complications such as
preeclampsia, premature birth, and spontaneous termination
of pregnancy.?3

Hematological Effects
Lead disrupts hemoglobin synthesis, leading to anemia. It
interferes with enzymes crucial in heme production, hence

/& Journal of Academy of Biomedical Sciences

Volume 2 | Issue 1| 2025



Lead Toxicity Unveiled: A Comprehensive Review

diminishing the blood’s oxygen-carrying capacity. Lead
hampers haem synthesis, causing anemia, which worsens
with higher blood lead levels. This is recurrently observed
in children with younger age and iron deficiency posing as
risk factors. Leukocytosis isa common occurrence, and there
have been reports of hemolysis.2* Some patients may exhibit
basophilic stippling, although not all individuals with lead
poisoning display this characteristic.

Signs and Symptoms

Lead toxicity, or lead poisoning, affects multiple body systems
and presents a wide array of signs and symptoms (Figure
4). In children, symptoms often include developmental
interruptions, learning problems, irritability, and loss of
appetite.?> They may also experience fatigue, abdominal
pain, vomiting, hearing loss, and behavioral issues like
hyperactivity or aggression. In grown person, lead poisoning
can cause hypertension, joint pain and muscle pain, memory
and concentration problems, head pain, and stomach pain.
Mood swings such as depression and anxiety, as well as
reduced sperm countin men, can also occur. Pregnant women
may face risks like miscarriage, premature birth, or low birth
weight. Severe lead toxicity can result in encephalopathy,
characterized by seizures, coma, or even death. Peripheral
neuropathy, presenting as weakness, numbness, or pain
in extremities, is another severe symptom. Anemia and
kidney dysfunction, potentially leading to kidney failure,
can also develop in advanced cases. Diagnosis is confirmed
through blood tests, and treatment includes eliminating
lead exposure, chelation therapy, and managing symptoms.
Preventing exposure, particularly in environments with high
lead risks, is essential to avoid lead poisoning.?

Treatment and Management
The treatment and management of lead toxicity involve
several steps aimed at reducing lead levels in the body,

Loss of

appetite '

Symptoms of
lead toxicity in
humans

Irritability Vomiting

Weight loss

( Q

Constipation

Figure 4: Showing various symptoms in humans caused by lead
toxicity.

addressing symptoms, and preventing further exposure.?’
Here is an overview of the approaches used: Chelation
Therapy, Supportive Care, Removal from Exposure, Long-erm
Management and Follow-Up.

Chelation Therapy

Chelation therapy serves as the preferred medical
intervention for mitigating the adverse effects of metals.
It stands as the primary approach for addressing heavy
metals poisoning. Chelating agents exhibit the capacity
to bind with toxic metal ions, leading to the formation
of intricate structures. These structures can be readily
excreted from the body, thereby eliminating them from
intracellular or extracellular space. A range of common
chelating agents exists, each with varying affinities for
different metals, distinct physical attributes, and diverse
biological mechanisms of action. In cases of prevalent heavy
metal intoxication like lead, arsenic, or mercury, numerous
chelating agents are accessible.

Characteristics of Chelating Agent

I.  Higher affinity shows.

IIl.  Minimal toxicity level shows.

lll. Competitive capability against natural chelators.

IV. High solubility in water.

V. Rapid elimination of the toxicity found in heavy metals.
VI. Same distribution of the toxic heavy metal.

Incorporation of diverse chelating agents during the acute
toxicity phase has demonstrated utility. The enactment of
protective regulations against the utilization of metal alloy
cookware represents a long-term control strategy.?’

Immediate Steps

Remove Source of Exposure: Identify and eliminate the
source of lead exposure, whether it's contaminated water,
lead-based paint, or other environmental sources.
Chelation Therapy: For moderate to severe lead poisoning,
chelation therapy is used. Chelating agents, such as EDTA
(ethylenediaminetetraacetic acid) or DMSA (dimercaptosuc-
cinic acid), bind to lead in the bloodstream and help excrete
it through urine.?°

Supportive Care

Hydration: Ensuring adequate hydration to help the kidneys
filter and excrete lead.?®

Nutritional Support: Maintaining a balance diet high in
iron, calcium, and vitamin C, which can help decrease lead
absorption in the body. Foods rich in these nutrients include
leafy greens, dairy products, citrus fruits, and lean meats.3°

Medical Management

Medications: In some cases, additional medications may be
prescribed to manage symptoms like abdominal pain or to
address complications like high blood pressure.
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Monitoring and Follow-up: Regular blood tests to monitor
lead levels and assess the effectiveness of treatment.
Follow-up visits to ensure symptoms are improving and
to adjust treatment as needed. Effective treatment and
management of lead toxicity require a comprehensive
approach thatincludes medical intervention, environmental
control, and ongoing monitoring to ensure successful
recovery and prevention of further exposure.°

CONCLUSION

Lead toxicity is a serious and preventable health condition
resulting from exposure to lead, atoxic metal. It affects multiple
body systems and presents a range of symptoms, particularly
harmful to children, who may suffer developmental
delays, learning difficulties, and behavioral issues. Adults
can experience high blood pressure, joint pain, memory
problems, and mood disorders. Severe cases can lead to
encephalopathy, peripheral neuropathy, anemia, and kidney
dysfunction. Effective management begins with identifying
and eliminating the source of exposure. Chelation therapy is
used for moderate to severe cases to reduce lead levels in the
body. Supportive care, including hydration and nutritional
support, aids in recovery. Long-term strategies focus on
environmental interventions to remove lead sources and
public health measures to support affected communities.
Preventive measures are crucial, emphasizing education on
the risks of lead exposure and routine screening in high-
risk areas. Ensuring a lead-safe environment, particularly
for children and pregnant women, is essential. Regular
monitoring and follow-up care help manage symptoms and
prevent recurrence. Through a comprehensive approach
combining medical treatment, environmental control,
and preventive education, lead toxicity can be effectively
addressed and mitigated.
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