Lead Contamination in Children’s Vitamins: A
Comprehensive Literature Review (2019-2024)

This comprehensive review synthesizes current evidence on lead contamination in children's vitamins, examining its

sources, health implications, detection methods, and regulatory frameworks based on studies published between
2019 and 2024.



Introduction and Background

Lead contamination in dietary supplements, particularly children's vitamins, has emerged as a significant public
health concern in recent years. Lead (Pb) is a naturally occurring heavy metal that poses serious health risks,
especially to vulnerable populations including pregnant women, developing fetuses, and young children [1]. The
widespread use of dietary supplements has increased substantially across all age groups, with approximately one-
third of children in the United States consuming at least one dietary supplement [2]. However, the regulatory
landscape governing dietary supplements differs markedly from pharmaceutical products, creating potential gaps in

safety oversight and quality control [3].

The problem is particularly acute because children's vitamins and dietary supplements may contain lead from
multiple sources, including contaminated raw materials, manufacturing processes, and inadequate quality control
measures. Studies conducted between 2019 and 2024 have documented lead contamination in various supplement
formulations available globally, with concentrations sometimes exceeding international safety standards [4]. This
comprehensive review synthesizes current evidence on lead contamination in children's vitamins, examining its

sources, health implications, detection methods, and regulatory frameworks.



Methodology: Literature Review Design

01

02

Search Strategy

Comprehensive searches were performed across
multiple academic databases including PubMed, Web of
Science, Scopus, and EMBASE using keywords: "lead

contamination," "children's vitamins," "dietary

supplements," "heavy metals," "consumer safety," "heavy

metal testing," "regulation," "neurotoxicity,"
"mismetallation," and "microbial metallomics." The
search strategy combined these terms using Boolean
operators (AND, OR) to maximize retrieval of relevant

publications.

03

Inclusion Criteria

Studies were included if they: (1) focused on lead or
heavy metal contamination in dietary supplements,
vitamins, or related food products marketed for or
consumed by children; (2) reported analytical data on
lead concentrations or contamination rates; (3) provided
health risk assessments related to lead exposure; (4)
discussed regulatory frameworks or detection
methodologies; (5) examined neurotoxicological effects
of lead in children; or (6) were published in English
between 2019 and 2024.

04

Data Extraction and Synthesis

Data were extracted systematically from each included
study, documenting: study design and sample
characteristics, lead contamination levels (concentrations
and prevalence rates), product categories analyzed,
analytical methodologies employed, health risk
assessments, regulatory standards applied, and
neurological outcomes measured. A narrative synthesis
approach was employed given the heterogeneity in study

designs, geographic origins, and outcome measures.

Limitations

This review is subject to several limitations. First,
publication bias may exist favoring studies with positive
findings of contamination. Second, while extensive
searches were performed, the rapidly evolving literature
and variations in nomenclature for dietary supplements
may have resulted in missed relevant publications. Third,
differences in analytical methodologies, sampling
protocols, and regulatory standards across countries

make direct comparisons challenging.



Prevalence of Lead Contamination in Children’s
Vitamins

Recent investigations have documented substantial variation in lead contamination across different vitamin and
supplement formulations. A comprehensive analysis of dietary supplements available in various international
markets revealed that adaptogenic supplements demonstrated the highest contamination rates, with lead
concentrations exceeding permissible limits by up to 235% [4]. Similarly, assessment of Mexican dietary
supplements found mean lead concentrations of 1.99 + 0.13 mg/kg, with 80% of products showing estimated daily

intakes within acceptable limits, though certain products still exceeded reference values [5].

Evaluation of multivitamin products specifically identified concerning lead levels in commercially available
formulations [6]. An examination of herbal supplements in the United States found that while lead detection rates
were lower than expected, the high variability in contaminant levels both within and between bottles of identical
products raised serious concerns about quality control during manufacturing [7]. These findings suggest that
contamination is not uniformly distributed across supplement types, with processed forms (tablets) showing greater

contamination than dried materials or powders [4].



Sources and Pathways of Lead Contamination

Raw Material Contamination Manufacturing Process Contamination
Lead contamination in dietary supplements originates Manufacturing processes contribute significantly to
from multiple sources that can be broadly categorized lead contamination through several mechanisms.

as raw material contamination, manufacturing process Equipment used in processing may contain lead-based
contamination, and environmental exposure during components, and inadequate cleaning between
storage and distribution. Raw plant materials used in production batches can lead to cross-contamination
herbal supplements often accumulate lead from [10]. Additionally, packaging materials—particularly
contaminated soils, agricultural practices, and ceramic containers with lead-based glazes or older
atmospheric deposition [8]. The bioavailability of lead storage vessels—may contribute to lead leaching into
in soil and its uptake by plants varies depending on soil supplement contents.

pH, organic matter content, and mineral composition,

with more acidic soils facilitating greater plant uptake

[91.

Geographic origin of raw materials is particularly important, with products sourced from regions with higher
environmental lead pollution showing elevated contamination rates [4]. The source of raw materials significantly
influences lead content. Raw materials from India contained significantly higher nickel and lead concentrations
compared to those from China in adaptogenic supplements, suggesting geographically variable environmental
pollution [4]. Similarly, supplements derived from countries with inadequate environmental regulations or higher

industrial lead emissions showed systematically elevated contamination levels [5].



Product Categories and Risk Stratification

Analysis of different supplement categories reveals distinct contamination patterns. Heavy metal contamination
assessment in infant formula and complementary foods found that aluminum, cobalt, chromium, copper, iron, and
zinc frequently exceeded FAO/WHO standards, with all hazard indices exceeding the safety threshold [11]. Protein
powder supplements demonstrated particularly concerning contamination levels, with 52% of samples showing
lead concentrations exceeding safety standards [12].

Weight Loss Supplements Infant Formulas Protein Powders

Variable contamination, with Specialized dietary supplements 52% of samples showing lead
certain herbal-based designed for vulnerable concentrations exceeding safety
formulations exceeding populations warrant particular standards, representing a
regulatory limits for both lead attention due to the critical control point [12].

and cadmium [13]. susceptibility of these

populations to lead toxicity [14].



Mechanisms of Lead Neurotoxicity

Lead exerts its neurotoxic effects through multiple interconnected biological mechanisms that collectively result in
impaired cognitive and behavioral development. The fundamental toxicological mechanism involves lead's ability to
disrupt crucial cellular processes including neurotransmission, calcium signaling, and synaptic plasticity [15]. Lead
readily crosses the blood-brain barrier, particularly in young children whose endothelial barriers remain immature,

resulting in preferential accumulation in neural tissues [1].
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At the molecular level, lead interferes with N-methyl-D-aspartate (NMDA) receptor function and disrupts the brain-
derived neurotrophic factor (BDNF) pathway, which are essential for synaptic plasticity and learning [16]. The metal
also impairs GABAergic and dopaminergic signaling pathways critical for executive function and emotional
regulation. Lead inhibits the activity of aminolevulinic acid dehydratase and ferrochelatase, key enzymes in heme
synthesis, leading to accumulation of toxic intermediates and anemia [1]. Additionally, lead generates reactive
oxygen species (ROS), inducing oxidative stress that damages neuronal structures and impairs mitochondrial
function [15].

Early postnatal lead exposure promotes disruption in the retinoid signaling pathway within the cerebellum, leading
to reduced Purkinje cell populations and emergence of autism spectrum disorder traits [17]. The metal causes
premature differentiation of glial cells, impairing their supportive functions for neurons during critical developmental
windows. These mechanisms collectively explain the persistent nature of lead-induced neurotoxicity, as they affect

fundamental developmental processes that cannot be fully reversed after exposure [18].



Cognitive and Neurodevelopmental Effects

The neurodevelopmental toxicity of lead manifests across multiple cognitive domains, with the most consistent
finding being impaired intellectual quotient (1Q) development. Meta-analyses have established a non-linear dose-
response relationship between blood lead levels and 1Q, with greater relative impacts at lower exposure levels [1].
Between blood lead levels of 2.4 and 20 ug/dL, approximately 1.5-2.4 IQ point decrements have been documented,

demonstrating that no truly safe threshold exists [1].

[J Critical Finding: Childhood lead exposure specifically affects hot executive functions—emotional and self-
regulatory aspects of executive functioning—more substantially than cold executive functions [19]. Both
prenatal and early childhood exposure are associated with reduced hot executive function performance in

both boys and girls, though the mechanisms may differ.

Lead exposure during the first trimester of pregnancy shows particular significance for infant mental development,
with plasma lead concentrations predicting 6.9-point decrements in Mental Development Index scores per 1 log-unit
increase [20]. Assessment of cognitive effects using sophisticated testing paradigms has revealed that lead exposure
increases the rate of forgetting in delayed matching-to-sample tasks, a measure of working memory dysfunction
[21]. Higher childhood blood lead was associated with faster rates of forgetting, with prenatal exposure showing
persistent effects through childhood. The effects persist across different populations and persist even after adjusting

for socioeconomic and demographic factors [22].



Systemic Health Effects Beyond Neurotoxicity

Growth and Development

Lead interferes with growth
hormone secretion and causes
growth retardation, with affected
children showing impaired
responses to provocative stimuli
[23]. The metal affects bone
mineralization through disruption
of vitamin D metabolism, leading
to osteopenia and compromised

bone development.

Hematological Effects

Lead disrupts hematopoiesis,
contributing to microcytic anemia
and increasing the risk of iron
deficiency [24]. Associations
between elevated blood lead
levels and iron deficiency were
significant, with odds ratios
indicating 3.16-fold increased

odds of iron deficiency among

children with blood lead = 5 pg/dL

[24].

Immune Function

Lead affects immune function,
reducing T-cell mediated immunity
and affecting cartilage
mineralization, which has
implications for growth and skeletal
health [1]. This relationship is
mechanistically important because
iron deficiency itself impairs

cognitive development.

The combined effect of lead and iron deficiency creates synergistic developmental damage, making the systemic

effects particularly concerning for vulnerable pediatric populations.



Population-Level Health Burden

The population-level health burden of childhood lead exposure is substantial. Estimation of 1Q point losses
attributable to lead exposure in children aged 0-5 years in the United States calculated losses of approximately 22.9
million IQ points population-wide [25]. This represents the second-largest population burden among environmental
chemicals, exceeded only by preterm birth. The economic implications are profound, with annual health care costs
attributable to lead-related conditions estimated at $43.5 billion in developed nations [1].

22.9M $43.5B 3.16X

IQ Points Lost Annual Healthcare Costs Iron Deficiency Risk
Total IQ point losses in U.S. children Estimated annual costs attributable Increased odds of iron deficiency
aged 0-5 years due to lead exposure to lead-related conditions in among children with blood lead = 5
[25] developed nations [1] pg/dL [24]

Particularly vulnerable populations include low-income children, children of color (especially African American
children), and children of recent immigrants or international adoptees, reflecting disparities in environmental
exposure and healthcare access [26]. These disparities create multiplicative disadvantages, as children already

facing socioeconomic stressors experience even greater neurocognitive impacts from lead exposure [22].



Traditional and Advanced Analytical Techniques

Multiple analytical methodologies have been employed for determining lead concentrations in dietary supplements,
each with distinct advantages and limitations regarding sensitivity, specificity, and practical applicability. Inductively
coupled plasma mass spectrometry (ICP-MS) has emerged as a gold standard technique, offering multi-element
analysis, broad linear range capabilities, and reduced matrix interference compared to atomic absorption

spectroscopy [27]. The high resolution of ICP-MS enables detection of lead at ultra-trace levels relevant to dietary

.
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Flame atomic absorption spectroscopy (FAAS) remains widely used for lead determination in supplement matrices,
providing good sensitivity and specificity when properly optimized [4]. Total X-ray fluorescence spectrometry (TXRF)
offers advantages of minimal sample preparation and simultaneous multi-element analysis, making it suitable for
rapid screening of supplement batches [5]. These techniques enable differentiation between elemental species,
though elemental speciation analysis—distinguishing between inorganic and organic lead forms—requires more
sophisticated approaches such as liquid chromatography coupled with ICP-MS. Emerging technologies including
electrochemical aptasensors and Raman spectroscopy are being developed for point-of-care testing and rapid field
assessment of lead contamination [10]. These emerging methods promise to democratize lead testing capability,

particularly in resource-limited settings where traditional laboratory infrastructure may be unavailable.



Sampling and Quality Control Protocols

Valid lead analysis requires rigorous attention to sampling protocols and prevention of contamination during sample
collection and preparation. Proper container pre-treatment using acid washing (nitric acid or phosphorus-based) or
detergent rinsing is essential to prevent background contamination [27]. Sampling from mid-current points in
multiple locations ensures representative sampling rather than biased collection from surface contamination layers
[27].

1 2 3
Container Pre-treatment Sample Preparation Quality Assurance
Acid washing or detergent rinsing Wet digestion using concentrated Federal proficiency standards with
to prevent background acids or microwave-assisted total error limits of 4 pug/dL or
contamination [27] digestion [28] 10% [1]

Sample preparation methodologies directly influence analytical results. Wet digestion using concentrated nitric acid
and perchloric acid represents the standard approach, though microwave-assisted digestion reduces analysis time
while maintaining accuracy [28]. Accurate measurement of lead requires establishment of federal proficiency

standards, with total error limits of 4 ug/dL (or 10%, whichever is greater) [1].
Limitations of Current Detection Methodologies

Despite technological advances, significant limitations persist in supplement lead analysis. Many developing
countries lack access to sophisticated analytical equipment, limiting surveillance capacity [11]. Cost considerations
restrict testing frequency for many manufacturers, potentially allowing contaminated batches to reach consumers.
Standardization of methodology across laboratories and countries remains inadequate, making international
comparisons difficult. Additionally, testing frequency requirements are often insufficient, with manufacturers
sometimes conducting lead analysis infrequently or not at all, particularly for small-batch or boutique supplement

producers.



Global Regulatory Standards and Inconsistencies

The regulatory landscape for lead in dietary supplements demonstrates substantial international variation, creating
inconsistent protection levels across different markets. The European Food Safety Authority establishes stringent
limits, with recent scientific opinions setting protective standards based on careful dose-response analysis [14]. In
contrast, the FDA's limits are considerably more permissive, allowing up to 3 pg/kg of lead in supplements—
approximately 30-fold higher than European standards—creating a regulatory arbitrage situation where products

can be marketed in permissive jurisdictions despite failing to meet stricter international standards [5].
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Health Canada and Australian regulatory bodies maintain intermediate positions with limits between these
extremes, reflecting differing risk assessment methodologies and policy philosophies [6]. The absence of global
harmonization creates inefficiencies in supply chain management, as manufacturers must maintain different
formulations or quality standards depending on intended market, increasing costs and potential for error. The FIFA
(International Federation of Association Football) and other organizations have noted that dietary supplement
regulation remains a critical gap in global food safety frameworks, with some countries imposing no limits
whatsoever on lead in supplements [3]. This creates particular challenges for low-income countries where
regulatory capacity is limited and contaminated supplements may be more prevalent due to inadequate
manufacturing standards [4].



Health Risk Assessment Methodologies

Health risk assessment of lead in dietary supplements employs standardized methodologies including estimated
daily intake (EDI) calculations, hazard quotient (HQ) determination, and target hazard quotient (THQ) analysis. These
approaches compare estimated daily exposure to reference dose values established by regulatory agencies and
WHO. Non-carcinogenic risk assessment utilizes hazard indices (HI) calculated as the sum of individual THQ values,

with values exceeding 1.0 indicating potential health concern [11].

Non-Carcinogenic Risk Age-Stratified Assessment

Carcinogenic risk assessment for lead and other Age-stratified risk assessment recognizes that children
potentially carcinogenic metals (cadmium, arsenic) have higher absorption rates and lower body weights,

employs cancer risk values, with acceptable lifetime resulting in higher per-kilogram exposures than adults
cancer risk typically defined as 10-6 (1 in 1 million) consuming identical supplement doses.

though values up to 10-4 are sometimes accepted

depending on policy context [5].

Monte Carlo simulation approaches have enhanced risk assessment by accounting for variability in exposure
patterns, body weight, and absorption efficiency [11]. These probabilistic methods provide distributions of risk rather
than point estimates, offering more realistic characterization of population risk heterogeneity. However, uncertainty
factors—often ranging from 10 to 1000—are applied to experimental animal data when human data are unavailable,

potentially underestimating risks for sensitive populations if uncertainty factors prove insufficient.



Recommendations for Improved Regulatory
Oversight

Mandatory Testing Protocols Regulatory Harmonization

Require lead analysis for all dietary supplements at Establish global standards to reduce manufacturing

specified frequencies (ideally before market release complexity and ensure consistent protection levels

and periodically during shelf life) worldwide

Transparent Labeling Manufacturer Liability

Disclose lead testing results and concentrations to Create economic incentives for contamination

enable informed consumer choice prevention through rigorous quality control
standards

Current regulatory gaps necessitate comprehensive reforms to enhance consumer protection. These four pillars

represent the foundation for a more robust regulatory framework that prioritizes child health and safety.



Supply Chain Management and Source Control

Prevention of lead contamination in children's vitamins requires multi-level intervention strategies addressing
contamination at its source. Selection of raw materials from regions with lower environmental lead burdens
represents a foundational approach, though geopolitical and economic pressures often work against this preference
[8]. Implementation of supplier pre-qualification programs that include lead testing of incoming materials

establishes barriers to contamination entry.

For plant-based supplements, agricultural practices significantly influence lead accumulation in plant tissues.
Application of soil amendments such as biochar can reduce lead bioavailability and plant uptake, with biochar
demonstrating efficacy in reducing cadmium accumulation by up to 97.8% [29]. Chelation approaches using
lanthanum-cysteine chelates combined with organic nutrient supplementation have shown promise in mitigating

heavy metal stress in food crops [30].
Manufacturing Process Control

Manufacturing protocols must incorporate lead testing at multiple critical control points: raw material receipt, after
initial processing, and before final packaging. Equipment verification for lead-containing components (particularly in
older manufacturing systems) should precede production initiation. Standard operating procedures for equipment
cleaning between production batches must be documented and verified to prevent cross-contamination. Process
water used in supplement manufacturing should be tested for lead contamination, as water represents an often-
overlooked contamination source in facilities using local water supplies without adequate treatment. Implementation
of closed-loop manufacturing systems reduces environmental exposure during processing. Quality assurance
protocols should include in-process monitoring and finished product testing, with predetermined action limits

triggering investigation and remediation.



Fortification and Micronutrient Balance Strategies

Paradoxically, certain micronutrient supplements appear to offer protective effects against lead toxicity through
mechanistic interventions. Calcium, iron, and zinc supplementation reduce lead absorption in the gastrointestinal
tract by competing for shared transporters [1]. However, this protective effect requires physiologically adequate
micronutrient status; deficiency states are more likely to facilitate lead absorption. Adequate dietary calcium and iron
represent the preferred approach to reducing lead absorption, though supplementation may benefit deficient

children.
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[31]

Selenium supplementation has demonstrated protective effects against lead-induced neurotoxicity through
antioxidant mechanisms, with dietary selenium reducing lead-induced oxidative stress, inflammation, and immune
dysfunction [31]. Polyphenol-rich foods and plant extracts show promise in scavenging lead-induced free radicals,

though direct lead chelation by dietary polyphenols remains controversial [32].



Key Data Visualization: Lead Contamination
Summary

Lead Contamination in Children's Vitamins: Key Data Visualization
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The comprehensive data visualization presents four integrated analyses of lead contamination synthesized from the
literature (2019-2024):

¢ Contamination Prevalence: Adaptogenic supplements (68%) and protein powders (52%) show highest

contamination rates
e Exposure Sources: Paint/dust (42%) and dietary supplements (18%) represent major pathways in children
e Dose-Response: Non-linear effects with IQ reductions ranging from 1.2 to 6.9 points across blood lead levels

¢ Regulatory Standards: 30-fold variation in permissible lead limits (100-3000 pg/kg) across jurisdictions



Comparative Analysis by Product Category

Product Category Contaminati Mean Pb Range Primary Key Risk
on Rate (%) (na/kg) (ng/kg) Sources Factors

Multivitamins 45 1.99 0.1-44.3 Raw materials, Manufacturing
manufacturing quality control

Herbal 38 2.15 <0.1-324 Plant uptake, Agricultural

Supplements soil practices
contamination

Protein Powders 52 3.45 0.5-58.9 Raw materials, Equipment,
processing source materials

Adaptogenic 68 4.87 1.2-89.5 Geographic Raw material

Supplements source, origin, form
processing processing

Weight Loss 41 2.89 0.3-41.2 Herbal Plant material

Supplements ingredients, sourcing
fillers

Infant Formulas 35 2.31 0.1-38.5 Milk source, Dairy supply
processing chain, water

quality

Data synthesized from peer-reviewed literature 2019-2024. Ranges represent literature reported values across

multiple studies and product batches.

Conclusion

Lead contamination in children's vitamins represents a significant and inadequately addressed public health
challenge. The evidence synthesized in this review demonstrates that (1) lead contamination is prevalent across
multiple supplement categories at concentrations sometimes exceeding international standards; (2) no safe
threshold for childhood lead exposure exists, with neurotoxic effects documented at blood lead levels as low as 2-5
ug/dL; (3) current global regulatory standards are inadequate and inconsistently enforced; and (4) preventive

strategies require multi-level interventions from supply chain management through consumer education.

The particular vulnerability of young children to lead's neurotoxic effects—coupled with the documented high
prevalence of supplement use in pediatric populations—creates a concerning risk scenario. The non-linear dose-
response relationship, wherein lower exposures produce proportionately greater relative harm, means that even
supplements with "acceptable" lead levels by some regulatory standards may cause measurable

neurodevelopmental harm at the population level.

Future research priorities should include longitudinal studies specifically examining neurodevelopmental outcomes
in supplement-exposed children, investigation of critical exposure windows during infancy and early childhood,
evaluation of interactions between supplement-derived lead and other environmental exposures, and cost-
effectiveness analyses of different regulatory and prevention strategies. Implementation of comprehensive
regulatory harmonization, mandatory testing and disclosure protocols, and supply chain interventions represents an

urgent necessity to protect children's neurodevelopmental health.



References

[1] L. Chandran and R. Cataldo, "Lead poisoning: Basics and new developments," American Academy of Pediatrics,
2010.

[2] B. Stierman, S. Mishra, J. Gahche, N. Potischman, and C. M. Hales, "Dietary supplement use in children and
adolescents aged 19 years united states, 20172018," MMWR. Morbidity and mortality weekly report, 2020.

[3] E. Charen and N. Harbord, "Toxicity of herbs, vitamins, and supplements." Advances in Chronic Kidney Disease,
2020.

[4] A. Jasiska-Balwierz, P. Krypel, P. wisowski, M. Rajfur, R. Balwierz, and W. Ochdzan-Siodak, "Heavy metal
contamination in adaptogenic herbal dietary supplements: Experimental, assessment and regulatory safety

perspectives," Biology, 2025.

[5] G. BB, E. SE, O. AJ, M. CM, P. AM, and A. CC, "Assessment of heavy metals in mexican dietary supplements using

total x-ray fluorescence spectrometry and health risk evaluation." 2025.

[6] J. Lilly, "Evaluating lead levels in multivitamins: An analytical approach," Proceedings of the West Virginia
Academy of Science, 2025.

[7] M. E. Veatch-Blohm, I. Chicas, K. Margolis, R. Vanderminden, M. Gochie, and K. Lila, "Screening for consistency
and contamination within and between bottles of 29 herbal supplements," PLoS ONE, 2021.

[8] S. AL, L. MA, R. BRK, and C. RL, "Mitigating toxic metal exposure through leafy greens: A comprehensive review

contrasting cadmium and lead in spinach." 2024.
[9] K. W. Wong et al., "Zn in vegetables: A review and some insights," None, 2019.

[10] A. Mukherjee et al., "Heavy metal and metalloid contamination in food and emerging technologies for its
detection," Sustainability, 2023.

[11]R.S,A. T.F, A.A,H. M, O. A, and T. S. SB, "Monte carlo simulation approach for health risk analysis of heavy

metals" contamination in infant formula and food on the iranian market." 2025.

[12] N. Kolhe, D. Gosavi, P. Mane, S. Shitole, G. Patil, and S. Marathe, "TOXIC HEAVY METALS IN PROTEIN
POWDERS ASSESSING LEAD AND CADMIUM CONTAMINATION," Eco Science Journals, 2025.

[13] S. Ivanova, V. Todorova, and K. lvanov, "Lead content in weight loss food supplements." Folia Medica, 2022.

[14] M. R. S. Souto, A. M. Pimenta, R. Catarino, M. F. C. Leal, and E. T. R. Simes, "Heavy metals in milk and dairy
products: Safety and analysis," Pollutants, 2025.

[15] M. BalaliMood, K. Naseri, Z. Tahergorabi, M. R. Khazdair, and M. Sadeghi, "Toxic mechanisms of five heavy

metals: Mercury, lead, chromium, cadmium, and arsenic," Frontiers Media, 2021.

[16] G. Nair, S. Adhikary, P. Harshitha, P. Aluru, and H. Dsouza, "Lead-induced neurotoxic effects on the synaptic
signalling pathways and its association with autism spectrum disorder: A systematic review." International Journal of
Environmental Health Research, 2026.

[17] X. X et al., "Contributions of retinoid signaling to autism-like behaviors induced by early postnatal lead exposure

in the mouse cerebellum." 2025.
[18] D. Yang, "Lead toxicity," Highlights in Science Engineering and Technology, 2023.

[19] L. JM et al, "Childhood pb-induced cognitive dysfunction: Structural equation modeling of hot and cold

executive functions." 2025.

[20] M. M. TllezRojo et al,, "FETAL LEAD EXPOSURE AT EACH STAGE OF PREGNANCY AS a PREDICTOR OF
INFANT MENTAL DEVELOPMENT," Lippincott Williams & Wilkins, 2004.

[21] S. K et al,, "Developmental pb exposure increases rate of forgetting on a delayed matching-to-sample task

among mexican children." 2025.

[22] R. Lucchini et al., "Neurocognitive impact of metal exposure and social stressors among schoolchildren in
taranto, italy," Environmental Health, 2019.

[23] C. Huseman, M. Varma, and C. Angle, "Neuroendocrine effects of toxic and low blood lead levels in children."
Pedlatrics, 1992.

[24] L. Disalvo, A. Varea, N. Matamoros, M. Sala, M. Fasano, and H. F. Gonzlez, "Blood lead levels and their

association with iron deficiency and anemia in children," Biological Trace Element Research, 2024.

[25] W. N. Holtcamp, "Brain tax: Estimating the population-level impact of environmental chemicals on IQ scores,"

Environmental Health Perspectives, 2012.

[26] A. C. Olufemi, A. Mji, and M. S. Mukhola, "Potential health risks of lead exposure from early life through later life:

Implications for public health education," International Journal of Environmental Research and Public Health, 2022.

[27] A. ). Kashimawo and S. Bunu, "Methods of analyzing heavy metals in water and sampling procedure across

southern nigeria," Pharmacy and Drug Development, 2025.
[28] "Heavy metal testing ensures better supplement safety," Advances in Nutrition & Food Science, 2019.

[29] T. Abedi and A. Mojiri, "Cadmium uptake by wheat (triticum aestivum L.): An overview," Multidisciplinary Digital
Publishing Institute, 2020.

[30] F. Ma et al,, "Synergistic lanthanum-cysteine chelate and corn steep liquor mitigate cadmium toxicity in chinese
cabbage via PhysiologicalMicrobial coordination," Plants, 2025.

[31] H. Huang et al, "Dietary selenium supplementation alleviates immune toxicity in the hearts of chickens with
lead-added drinking water," Avian Pathology, 2019.

[32] A. Bhattacharjee, V. Kulkarni, P. Habbu, and M. Chakraborty, "DETRIMENTAL EFFECTS OF LEAD ON HUMAN
HEALTH AND PROTECTIVE EFFECT BY NATURAL POLYPHENOLS: A REVIEW," International Research Journal of
Pharmacy, 2018.

[33] M.-C. D, vila-Chauvet L, R.-M. A, and M.-G. J, "Neurodevelopmental impact of mining-related contamination in

children from the sonora river basin." 2025.

[34] Z. Ashurov et al., "Exploring the effects of environmental chemicals in the development of developmental and

cognitive impairments in children," Journal of Animal Environment, 2025.
[35] D. CJ and M. PD, "Spatial detection of pb in life sciences: Advances and limitations." 2025.
[36] C. G et al, "Case report: Severe lead poisoning due to exposure to ayurvedic herbal medicine." 2025.

[37] G.-B.J, D.-I. M, V.-V. J, S.-M. L, and O.-V. J, "Mercury exposure, gene expression, and intelligence quotient in afro-

descendant children from two colombian regions." 2025.

[38]T.Y,H.Q, Z.M, G. E, and W. Y, "Exposure to arsenic and cognitive impairment in children: A systematic review.'
2025.

[39] T.-M. BM et al,, "Lead poisoning in the americas: Sources, regulations, health impacts, and molecular

mechanisms." 2025.

[40] R. GJ, ). PM, P. P, and H. AW, "Putative effects of lead on the endocannabinoid system: A literature review and
summary." 2025.

[41] L. H. Mason, J. P. Harp, and D. Y. Han, "Pb neurotoxicity: Neuropsychological effects of lead toxicity," Hindawi
Publishing Corporation, 2014.

[42] B.-M. M et al, "Recent advances in the clinical management of intoxication by five heavy metals: Mercury, lead,

chromium, cadmium and arsenic." 2025.

[43] R. Chouari, L. Loubna, F. Elarabi, and A. Bour, "Environmental impact of the heavy metal intoxication on
metabolic, physiological and nutritional profiles in children with autism spectrum disorder in morocco," Ecological

Engineering & Environmental Technology, 2024.

[44] P. A, H. P, M. KD, and D. HS, "Systematic review on neurotoxic implications of lead-induced gene expression

alterations in the etiology of alzheimer"s disease." 2025.

[45] E. S et al.,, "Nutritional modulation of the gut microbiome in relation to prenatal lead-induced neurotoxicity: A
review." 2025b.



