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Abstract — Background: Lead poisoning is a severe public health crisis globally. In India, despite the phase-out of leaded gasoline 

in 2000, pediatric lead exposure remains a critical issue up to 2021. According to a 2020 UNICEF and Pure Earth report, an 

estimated 275 million Indian children have blood lead levels (BLLs) ≥ 5 µg/dL. The informal recycling of used lead-acid batteries 

(ULAB), adulterated spices, traditional cosmetics (kohl, sindoor), and Ayurvedic medicines are major contributors to this 

environmental toxicity. Methods: This paper synthesizes epidemiological data, systematic reviews, and toxicological reports on 

lead poisoning cases in India up to 2021. Data on BLL prevalence, neurological and hematological impacts, and socioeconomic 

burdens were analyzed. Results: Studies indicate that the pooled mean BLL in Indian children ranges from 8.8 µg/dL to 10.4 

µg/dL, significantly above the CDC's updated reference value. Children residing proximal to informal ULAB recycling sites (e.g., 

in Patna, Bihar) exhibit alarmingly high BLLs, averaging up to 14.9 µg/dL. Lead toxicity poses a massive economic burden, with 

diminished IQs estimated to cost India 12.5% of its GDP annually. Conclusion: Lead poisoning in India represents a silent 

epidemic. Strict enforcement of battery waste management rules, remediation of contaminated sites, and nationwide BLL 

screening are urgently required. 
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I. INTRODUCTION 
 

Lead is a highly poisonous heavy metal affecting almost every 

organ in the human body. Historically, human exposure to lead 

has been linked to numerous severe health deficits [cite: 9]. 

Lead poisoning is an important mode of accidental injury in the 

pediatric age group that is associated with significant mortality 

and morbidity [cite: 8]. In children, there is no known safe level 

of blood lead exposure because of their developmental growth 

and cognitive vulnerability [cite: 8]. 

 

While industrialized nations have managed to drastically 

reduce lead exposure by regulating paints, plumbing, and 

gasoline, Low- and Middle-Income Countries (LMICs) like 

India continue to face a staggering burden. Although India 

certified its gasoline as lead-free in 2000, legacy contamination 

and rampant unregulated industrial activities continue to poison 

vulnerable populations. Up to 2021, India accounted for a 

massive proportion of global lead toxicity cases, contributing 

to ~0.6% of the global burden of disease. 

 

II. SOURCES OF LEAD EXPOSURE IN INDIA 
 

Unlike the historical pathways of lead exposure through paint 

and plumbing commonly cited in Western literature [cite: 8], 

the primary vectors in India are distinctly linked to informal 

industrial practices and cultural products: 

 Used Lead-Acid Battery (ULAB) Recycling: The informal 

recycling of car batteries is the primary source of lead 

poisoning in Indian urban centers. Poor communities often 

dismantle batteries in backyards, releasing toxic lead dust 

into the soil and air. 

 Traditional Cosmetics and Spices: Lead chromate is 

sometimes used to adulterate turmeric to enhance its 

yellow color. Traditional eye cosmetics like 'Kohl' or 

'Surma', as well as religious powders like 'Sindoor', heavily 

contribute to lead ingestion and dermal absorption [cite: 8]. 

 Ayurvedic and Folk Medicines: Traditional Ayurvedic 

remedies, particularly 'bhasmas' (calcined metal 

preparations), have been found to contain dangerously 

high levels of heavy metals. Consumers of these traditional 

medicines frequently exhibit elevated blood lead levels. 

 

III. PATHOPHYSIOLOGY AND SYSTEMIC 

IMPACTS 
 

The mechanism of lead toxicity involves the disruption of 

critical enzymatic and cellular functions. Intracellular lead 

replaces calcium as a second messenger, binding with 

calmodulin more readily than calcium [cite: 8]. This 

substitution triggers pathological inflammatory responses, 

immune activation, and apoptosis in the developing brain [cite: 

8]. 
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Hematologically, chronic lead poisoning interferes with heme 

synthesis by inhibiting multiple enzymes, specifically delta-

aminolevulinic acid dehydratase and ferrochelatase [cite: 8, 9]. 

This prevents the incorporation of iron into protoporphyrin IX, 

resulting in microcytic anemia [cite: 8, 9]. Lead also induces 

significant progression in mitochondrial lipid peroxidation, 

adenosine triphosphate (ATP) consumption, and glutathione 

(GSH) oxidation [cite: 8]. 

 

IV. EPIDEMIOLOGICAL DATA: CASES IN 

INDIA (UP TO 2021) 
 

A landmark 2020 report by Pure Earth and UNICEF brought 

the Indian lead crisis to global attention. The report estimated 

that 275 million Indian children under the age of 14 had blood 

lead levels (BLLs) ≥ 5 µg/dL, a threshold known to cause 

cognitive deficits. Of these, 64 million children had BLLs ≥ 10 

µg/dL. 

 

Systematic reviews published around 2021 analyzing multiple 

Indian cohorts revealed a pooled mean BLL of approximately 

10.4 µg/dL among children. Source apportionment studies, 

such as those conducted in Patna, Bihar (2017-2019), 

demonstrated that children living proximal to ULAB recycling 

areas had BLLs averaging nearly 15 µg/dL, with over 87% of 

local children exceeding the 5 µg/dL safety threshold. 

 

 
Figure 1: Comparison of Mean Blood Lead Levels (BLL) based 

on proximity to informal ULAB recycling sites in India. 

  

 
Figure 2: Estimated distribution of BLLs among Indian 

children, highlighting the severe national burden as of 2020. 

 

V. DISCUSSION AND ECONOMIC IMPACT 
 

The neurological impact of lead is irreversible. Persistent 

exposure to lead has been attributed to difficulty in learning, 

low intelligence quotient (IQ), attention deficit, and behavioral 

problems [cite: 8]. In India, the cumulative loss of cognitive 

potential is staggering. It is estimated that the diminished IQ in 

lead-poisoned children results in a loss of approximately 

$236.1 billion annually, equating to roughly 12.5% of India's 

GDP. 

 

Unlike adult occupational exposure, children absorb about 50% 

of ingested lead compared to 20% in adults [cite: 8]. Their 

hand-to-mouth explorative behaviors put them at exceptionally 

high risk when residing near contaminated soils [cite: 8]. 

 

VI. CONCLUSION 
 

Lead poisoning remains a widespread, yet largely unaddressed, 

epidemic in India up to 2021. The informal recycling of lead-

acid batteries and the unregulated use of lead in spices, 

cosmetics, and traditional medicines demand immediate 

regulatory intervention. Strict enforcement of the Battery Waste 

Management Rules, national blood lead screening programs, 

and aggressive public education campaigns are essential to 

mitigate this crisis and protect the cognitive future of millions 

of Indian children. 
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