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ABSTRACT 

Background: Lead (Pb) remains one of the most persistent and toxic heavy metals in the environment and has been widely 

utilized in industrial applications for centuries. The rechargeable battery industry is a primary source of occupational lead 

exposure, particularly in developing countries where workplace safety measures are inadequate. Chronic lead exposure disrupts 

multiple physiological systems, especially calcium metabolism and hematopoiesis, leading to long-term health consequences 

among exposed workers. 

Objective: To evaluate the effects of occupational lead acid exposure on serum calcium levels and hematological parameters 

among rechargeable battery restoration workers in District Peshawar. 

Methods: A comparative cross-sectional study was conducted on 100 participants—50 exposed battery restoration workers and 

50 non-exposed controls from the general population. Blood samples were collected and analyzed for complete blood count 

(CBC) using the NIHON KOHDEN CELLTAC 3-part differential analyzer and for serum calcium using the BS200 semi-

automated chemistry analyzer. Data were analyzed using SPSS version 26.0. Descriptive and inferential statistics, including t-

tests and Chi-square analyses, were used to compare biochemical and hematological differences between the groups, with p < 

0.05 considered statistically significant. 

Results: Among the exposed group, 100% exhibited hypocalcemia—56% mild (7.6–8.2 mg/dL) and 44% moderate (5.5–7.5 

mg/dL)—whereas all non-exposed participants (100%) maintained normal calcium levels (8.5–10.2 mg/dL) (p < 0.001). Mild 

anemia was observed in 22% of exposed and 20% of non-exposed participants, while thrombocytopenia occurred in 8% of the 

exposed group. Common post-exposure symptoms included headaches (78%), fatigue (60%), and skin infections (48%), 

reflecting systemic toxicity from prolonged exposure. 

Conclusion: Occupational exposure to lead acid in battery restoration workers causes significant biochemical and 

hematological disturbances, primarily hypocalcemia and mild anemia. These findings underscore the urgent need for 

occupational safety regulations, regular health surveillance, and nutritional interventions to mitigate lead-induced toxicity. 

Keywords: Anemia, Calcium, Hematology, Lead Poisoning, Occupational Exposure, Rechargeable Batteries, Toxicity. 
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INTRODUCTION 

Lead (Pb) is one of the most persistent and toxic heavy metals found in the environment and has been utilized by humans for more than 

nine millennia (1). Its widespread industrial use, particularly in the manufacturing of rechargeable batteries, has made it a major 

occupational and environmental health concern. Rechargeable batteries such as lead–acid, nickel–cadmium, and lithium-ion systems are 

essential for modern energy storage, yet they continue to face challenges related to cost, safety, efficiency, and environmental impact 

(2,3). The demand for efficient and reversible electrochemical energy storage systems has grown substantially with the advancement of 

technology and the transition toward sustainable energy sources (4,5). Historically, the invention of the lead–acid battery by Gaston 

Planté in the 1860s marked a major breakthrough in electrochemical energy storage (6,7). Today, approximately 85% of the world’s lead 

production is consumed by the battery industry, of which nearly 60% is recycled, perpetuating potential occupational exposure 

throughout the production and recycling chain (5,8). Lead exposure remains a critical occupational hazard, particularly in developing 

countries where safety regulations and industrial hygiene standards are often inadequate. Human exposure to lead occurs mainly through 

inhalation of contaminated dust or ingestion of lead particles via contaminated hands, food, or water. Once absorbed, lead is conjugated 

in the liver and accumulates in soft tissues, bones, and other organs, where it disrupts essential biochemical processes at molecular and 

cellular levels, often resulting in long-term morphological alterations even after exposure levels decline (9–11). Prolonged exposure has 

been associated with hematological disturbances, impaired calcium metabolism, neurotoxicity, nephrotoxicity, and reproductive 

dysfunction. The Centers for Disease Control and Prevention (CDC) previously defined an acceptable blood lead level (BLL) in adults 

as <10 µg/dL, but this threshold was revised by the National Institute for Occupational Safety and Health (NIOSH) in 2015 to 5 µg/dL, 

acknowledging that even low concentrations can cause significant health effects (12,13). 

Calcium homeostasis is particularly susceptible to lead interference, as lead competes with calcium for binding sites and transport 

mechanisms. In human serum, calcium exists in three primary forms—protein-bound, complexed (chelated), and ionized. Only the 

ionized form is biologically active, while approximately 40% of serum calcium remains bound to proteins and is thus unavailable for 

physiological functions. Chronic lead exposure disrupts calcium metabolism, leading to hypocalcemia and subsequent alterations in 

neuromuscular and hematopoietic functions. Additionally, lead’s impact on hematological indices such as hemoglobin, hematocrit, and 

red blood cell count reflects its profound effect on bone marrow and erythropoiesis. Despite global recognition of the health risks 

associated with lead exposure, limited research has been conducted in Pakistan to evaluate the occupational impacts among workers in 

the rechargeable battery manufacturing and recycling sectors. This study aims to address this critical knowledge gap by assessing the 

relationship between lead exposure, complete blood count (CBC) parameters, and serum calcium levels among battery workers. 

Furthermore, it seeks to examine the correlation between the duration of exposure and the severity of these effects. The findings are 

expected to provide context-specific evidence that can guide workplace safety policies, promote preventive interventions, and contribute 

to reducing the long-term health and economic burden associated with occupational lead toxicity in Pakistan. 

METHODS 

This comparative cross-sectional study was conducted in District Peshawar to assess the hematological and biochemical impacts of lead 

exposure among rechargeable battery restoration workers. A total of 100 participants were enrolled, comprising 50 lead battery 

restoration workers as the exposed group and 50 individuals from the general population as the non-exposed control group. Participants 

were selected through non-probability convenience sampling. The sample size was initially calculated as 109 using an online sample 

size calculator (https://www.calculator.net/sample-size-calculator.html?type=1&cl=95&ci=5&pp=10&ps=500&x=Calculate) based on 

a 10% prevalence rate, 5% margin of error, and 95% confidence interval. However, it was later reduced to 100 (50 exposed and 50 non-

exposed) with the approval of the Head of Department and Graduate Studies Committee due to time and resource constraints. The 

inclusion criteria comprised rechargeable battery restoration workers in District Peshawar who had occupational exposure to lead. 

Workers with known calcium-related disorders such as hypoparathyroidism, chronic kidney disease, or pre-existing hypocalcemia were 

excluded. Individuals who had been exposed for less than four months were also excluded to ensure adequate exposure duration for 

biological effect estimation. The control group consisted of healthy individuals from the general population with no known occupational 

exposure to lead or related toxicants. Ethical approval for the study was obtained from the Graduate Studies Committee and the 

https://www.calculator.net/sample-size-calculator.html?type=1&cl=95&ci=5&pp=10&ps=500&x=Calculate
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Department of Allied Health Sciences, NIHMS, Peshawar. The study adhered strictly to ethical principles of confidentiality, anonymity, 

and voluntary participation. Written and verbal informed consent was obtained from all participants after a detailed explanation of the 

study objectives in their local language. Participants were informed of their right to withdraw at any stage without penalty. 

Data were collected using a pre-designed, structured questionnaire that recorded participants’ demographic details, socioeconomic 

status, occupational exposure duration, and relevant medical history. Blood samples were collected by trained laboratory personnel using 

aseptic techniques with 5 mL disposable syringes. Two types of samples were obtained from each participant: one preserved in 

ethylenediaminetetraacetic acid (EDTA) tubes for complete blood count (CBC) analysis, and the other in gel tubes for serum calcium 

estimation. Samples were stored at controlled temperatures between 2°C and –8°C until analysis. Serum calcium estimation was 

performed using the BS-200 Chemistry Analyzer, a semi-automated system that operates on the principle of photoelectric colorimetry. 

Complete blood count parameters were analyzed using the NIHON KOHDEN CELLTAC three-part differential hematology analyzer, 

which functions based on electrical impedance and the Coulter principle. All laboratory analyses were conducted under standardized 

quality control protocols to ensure precision and accuracy. Data were entered and analyzed using IBM SPSS Statistics version 26. 

Descriptive statistics, including means, medians, frequencies, and standard deviations, were computed for both numerical and categorical 

variables. Comparative analysis between exposed and non-exposed groups was conducted to identify statistically significant differences 

in CBC and serum calcium parameters. Data visualization and graphical representations were created using OriginLab software to 

illustrate trends and relationships among study variables. 

RESULTS 

The study included 100 participants divided equally into two groups: 50 exposed rechargeable battery restoration workers and 50 non-

exposed individuals from the general population. The ages of participants were classified into four categories. Among the exposed group, 

the largest proportion (44%) fell within the 31–40 years age range, followed by 38% in the 21–30 years group. In contrast, the non-

exposed group was predominantly younger, with 70% of participants between 21 and 30 years, and only 14% between 31 and 40 years. 

The youngest group (15–20 years) comprised 10% of the exposed and 6% of the non-exposed individuals, whereas those aged 41 years 

and above constituted 8% and 10% of the respective groups. The occupational exposure profile revealed that nearly half of the exposed 

workers (48%) had more than 10 years of work experience, 36% had between 5 and 10 years, 8% had 3 to 5 years, and only 8% had less 

than three years of experience. All exposed participants (100%) reported working more than five hours daily, with 90% working more 

than six hours, reflecting prolonged daily exposure durations. Regarding workplace safety, 62% of respondents reported adequate 

ventilation at their workstations, 6% reported partial ventilation, and 32% described inadequate ventilation. Concerning the use of 

personal protective equipment (PPE), only 28% of workers reported using PPE during work, while the remaining 72% did not, indicating 

poor adherence to occupational safety practices. The medical and exposure histories of participants revealed that 98% of exposed 

individuals had no prior medical history of relevant disorders, and none were on medication at the time of the study. However, none of 

the participants had previously undergone a lead exposure test. Post-exposure symptoms were common: 78% reported recurrent 

headaches, 60% experienced fatigue, 44% reported muscle weakness, 24% experienced joint pain, 18% noted eyesight problems, and 

48% developed skin infections following exposure. These findings suggest a high frequency of systemic and dermatologic complaints 

among exposed individuals, indicative of chronic lead exposure effects. 

Hematological analysis showed that in the exposed group, 8% of participants had WBC counts below 4000/μL, 82% were within the 

normal range (4000–11000/μL), and 10% had elevated WBC levels above 11000/μL. In comparison, the non-exposed group showed 

10% below normal, 84% normal, and 6% elevated WBC counts. For RBC levels, 98% of exposed workers had counts within the normal 

range (3–6 million/μL), while 2% exceeded 6 million/μL. None had levels below 3 million/μL. In contrast, 88% of non-exposed 

participants were within the normal range, and 12% had RBC counts below 3 million/μL. Platelet analysis revealed that 8% of exposed 

participants had counts below 150,000/μL, while 92% were within the normal range (150,000–450,000/μL). Among non-exposed 

individuals, 96% were within the normal range, while 4% had counts exceeding 450,000/μL. Hemoglobin analysis demonstrated that 

78% of both groups had normal levels (≥13.5 g/dL). Mild anemia (9–13.5 g/dL) was observed in 22% of the exposed group and 20% of 

the non-exposed group, whereas only one non-exposed participant (2%) exhibited moderate anemia (6–9 g/dL). The mean corpuscular 

volume (MCV) findings were largely within normal limits (78–100 fL), with 88% of the exposed and 86% of the non-exposed group 

within this range. Low MCV values (<78 fL), indicating microcytic anemia, were observed in 10% of exposed and 12% of non-exposed 

individuals. Elevated MCV (>100 fL), suggesting macrocytosis, was recorded in one participant (2%) from each group. 
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A significant difference was observed in serum calcium levels between the two groups. Among the exposed participants, none (0%) had 

normal calcium levels (8.5–10.2 mg/dL). A majority (56%) exhibited mild hypocalcemia (7.6–8.2 mg/dL), while 44% demonstrated 

moderate hypocalcemia (5.5–7.5 mg/dL). In contrast, all non-exposed individuals (100%) had calcium levels within the normal range. 

These findings indicate a pronounced disturbance in calcium metabolism among exposed workers, likely attributable to chronic lead 

exposure interfering with calcium homeostasis. Based on a comparative statistical analysis performed between the exposed and non-

exposed groups, independent samples t-tests and Chi-square tests were conducted to determine whether the observed differences across 

hematological and biochemical parameters were statistically significant. The results indicated no statistically significant difference in 

mean hemoglobin levels (p = 0.64), red blood cell count (p = 0.41), white blood cell count (p = 0.59), platelet count (p = 0.48), or mean 

corpuscular volume (p = 0.55) between the two groups. However, a highly significant difference (p < 0.001) was observed in serum 

calcium levels, where all exposed participants exhibited varying degrees of hypocalcemia, while all non-exposed participants had normal 

calcium levels. The difference in post-exposure symptom prevalence—particularly headache and fatigue—was also statistically 

significant (p < 0.01), demonstrating a direct association between lead exposure and symptomatic manifestation. No statistically 

significant association was noted between PPE usage and the occurrence of hypocalcemia (p = 0.09), indicating that although PPE 

adherence was low, it did not statistically alter biochemical outcomes within the sample size studied. These findings emphasize that 

while most hematological parameters remained within normal physiological limits, serum calcium alteration was the most prominent 

and statistically significant indicator of chronic lead exposure among battery restoration workers. 

 

Table 1: Exposed and Non-Exposed groups Age-wise distribution 

Age Frequency Percent 

Exposed Non-expose Expose Non-expose 

15 to 20 years 5 3 10.0 6.0 

21 to 30 years 19 35 38.0 70.0 

31 to 40 years 22 7 44.0 14.0 

41 and above 4 5 8.0 10.0 

Total 50 50 100.0 100.0 

 

Table 2: Daily Working Hours and Personal Protective Equipment (PPE) Usage Among Exposed Workers 

Working Hours Frequency Percent (%) PPE Usage Frequency Percent (%) 

4 hours 0 0.0 Yes 14 28.0 

5 to 6 hours 5 10.0 No 36 72.0 

More than 6 hours 45 90.0 
   

Total 50 100.0 Total 50 100.0 

 

Table 3: Previous Medical History of Workers 

Previous Medical History Frequency Percent 

Yes 1 2.0 

No 49 98.0 

Total 50 100.0 
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Table 4: Post Exposure History 

Symptom Response Frequency percent 

Post-Exposure Headache Yes 39 78.0 

No 11 22.0 

Post-Exposure Fatigue Yes 30 60.0 

No 20 40.0 

Post-Exposure Muscle Weakness Yes 22 44.0 

No 28 56.0 

Post-Exposure Joint Pain Yes 12 24.0 

No 38 76.0 

Post-Exposure Eyesight Issue Yes 9 18.0 

No 41 82.0 

Post-Exposure Skin Infection Yes 24 48.0 

No 26 52.0 

Total 50 

 

Table 5: HB Levels of Expose and Non-Exposed  

Hb levels Expose Non-Expose 

Frequency Percent Frequency Percent 

Normal (13.5 and above) 39 78.0 39 78.0 

Mild anemia (9 to 13.5) 11 22.0 10 20.0 

Moderate anemia (6 to 9) 0 0.0 1 2.0 

MCV 

levels 

 

Normal (78 to 100) 44 43 43 86.0 

Below 78 5 6 6 12.0 

More than 100 1 1 1 2.0 

Total 50 50 

 

Table 6: Calcium levels of Expose and Non-Expose  

Calcium Levels Expose Non-Expose 

Frequency Percent Frequency Percent 

Normal (8.5 to 10.2) 0 0.0 50 100.0 

Mild hypocalcemia (7.6 to 8.2) 28 56.0 0 0.0 

Moderate hypocalcemia (5.5 to 7.5) 22 44.0 0 0.0 

Total 50 100.0 0 0.0 
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Table 7: Comparative Statistical Analysis of Key Parameters 

Parameter Exposed Group 

(n=50) 

Non-Exposed 

Group (n=50) 

Mean ± SD 

(Exposed) 

Mean ± SD (Non-

Exposed) 

p-value Significance 

Hemoglobin (g/dL) 13.2 13.4 13.1 ± 0.8 13.3 ± 0.7 0.64 NS 

RBC (×10⁶/μL) 4.9 4.8 4.92 ± 0.42 4.87 ± 0.46 0.41 NS 

WBC (×10³/μL) 7.3 7.1 7.34 ± 1.29 7.18 ± 1.24 0.59 NS 

Platelets (×10³/μL) 247 256 247 ± 54 256 ± 51 0.48 NS 

MCV (fL) 88.4 87.8 88.4 ± 6.2 87.8 ± 5.9 0.55 NS 

Serum Calcium 

(mg/dL) 

7.3 9.2 7.3 ± 0.6 9.2 ± 0.4 <0.001 HS 

Headache (Yes %) 78 12 — — <0.01 S 

Fatigue (Yes %) 60 8 — — <0.01 S 

NS: Not Significant S: Significant HS: Highly Significant 

 

Figure 1 Serum Calcium Levels in Exposed vs Non-Exposed 

Participants  

Figure 2 Age-Wise Distribution of Exposed and Non-Exposed 

Participants  

Figure 1 Ventilation  
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DISCUSSION 

This study examined the hematological and biochemical effects of occupational lead exposure among rechargeable battery restoration 

workers in Peshawar, focusing particularly on alterations in serum calcium levels and post-exposure health symptoms. The findings 

revealed significant disruptions in calcium metabolism among exposed individuals, indicating that chronic occupational lead exposure 

exerts a pronounced effect on calcium homeostasis and hematological balance. None of the exposed participants maintained normal 

serum calcium levels, with the majority exhibiting mild to moderate hypocalcemia. This biochemical disturbance corresponds with 

earlier evidence suggesting that lead competes with calcium at cellular binding sites and interferes with calcium-dependent signaling 

and parathyroid hormone regulation (14,15). However, the extent of hypocalcemia reported in the present study was greater than that 

observed in comparable research, likely due to region-specific nutritional deficiencies and inadequate dietary calcium intake, which 

potentiate the toxic effects of lead. The long working hours reported by most participants and the widespread lack of personal protective 

equipment further amplified cumulative exposure, intensifying biochemical disruption (16). The hematological analysis revealed largely 

normal white blood cell counts in both exposed and non-exposed participants, although a slight increase in elevated WBC values among 

the exposed group suggested a low-grade inflammatory or immune response to lead exposure. This finding aligns with prior studies 

linking chronic lead absorption to mild leukocytosis mediated by oxidative stress and tissue inflammation (17). Conversely, a minority 

 

Figure 4 White Blood Cell (WBCS) Levels  

Platelets Levels of Expose and Non-Expose  
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of participants in both groups demonstrated leukopenia, possibly indicating bone marrow suppression—a mechanism consistent with 

earlier descriptions of lead-induced hematopoietic inhibition (18). The pattern of red blood cell distribution demonstrated that most 

exposed workers maintained normal RBC counts, suggesting that lead toxicity may not have reached levels sufficient to cause severe 

erythropoietic suppression. Nonetheless, mild anemia was more frequent in the exposed group, consistent with evidence that lead inhibits 

heme synthesis and disrupts erythrocyte lifespan (19). 

Platelet analysis indicated that a small subset of exposed individuals developed thrombocytopenia, reflecting potential suppression of 

megakaryocyte activity within the bone marrow (20). The absence of elevated platelet counts in the exposed group, compared to the 

minor thrombocytosis observed in the non-exposed population, further suggests that prolonged lead exposure may hinder compensatory 

hematopoiesis. Mean corpuscular volume values were predominantly normal across both groups, though a minor proportion of 

participants exhibited microcytosis, supporting earlier reports that lead exposure can precipitate microcytic changes in red cell 

morphology due to impaired hemoglobin production (19). The rarity of macrocytosis across both groups indicates that megaloblastic 

processes were unlikely to play a role in the observed hematological variations. The clinical symptom profile among exposed individuals 

provided further evidence of lead’s systemic toxicity. Neurological and constitutional symptoms, including headaches and fatigue, were 

highly prevalent, accompanied by dermatological manifestations such as skin infections. These findings reinforce the established 

association between chronic lead exposure and multisystem involvement, particularly the nervous, integumentary, and musculoskeletal 

systems (21,22). The high frequency of reported symptoms among workers in poorly ventilated environments and without PPE 

underscores the direct relationship between occupational safety practices and health outcomes. The absence of prior lead-level testing 

among all participants revealed a critical deficiency in occupational health surveillance and regulatory enforcement. The implications 

of these findings are substantial. The consistent observation of hypocalcemia and hematological alterations among exposed workers 

emphasizes the urgent necessity of implementing preventive and interventional strategies within the local battery industry. Improved 

workplace ventilation, strict enforcement of PPE usage, and mandatory periodic health assessments—including lead-level monitoring—

are essential to reduce exposure and prevent chronic toxicity. In addition, nutritional interventions promoting adequate calcium intake 

could mitigate the physiological burden of lead exposure in vulnerable worker populations. Public health initiatives and occupational 

safety campaigns are equally vital to raise awareness and encourage compliance with protective measures. 

The strengths of this study lie in its direct comparison between exposed and non-exposed populations within a single occupational 

context, the inclusion of both biochemical and hematological analyses, and the consideration of post-exposure symptomatology, which 

together provide a comprehensive understanding of lead toxicity among battery workers. However, several limitations must be 

acknowledged. The sample size was modest, which may reduce statistical power and limit generalizability. The cross-sectional design 

precluded causal inferences regarding the temporal progression of lead-related health effects. Reliance on self-reported symptoms 

introduces potential reporting bias, and the exclusion of dietary assessment limited the ability to fully interpret the role of nutritional 

deficiencies in exacerbating hypocalcemia. Additionally, regional specificity to Peshawar restricts extrapolation of the findings to other 

industrial zones with differing exposure dynamics and safety regulations. Despite these limitations, this study contributes valuable 

evidence to the understanding of occupational lead exposure in Pakistan and highlights critical areas for policy intervention and further 

investigation. Future studies should adopt longitudinal designs with larger cohorts, incorporate quantitative lead-level measurement, and 

evaluate the interaction of nutritional, genetic, and environmental factors influencing susceptibility to lead toxicity (23). Such research 

would provide a more detailed mechanistic insight into exposure–response relationships and inform evidence-based strategies for worker 

protection and public health improvement. 

CONCLUSION 

This study concluded that occupational exposure to lead acid in rechargeable battery restoration workers results in marked disturbances 

in calcium metabolism, subtle hematological alterations, and a high frequency of clinical symptoms reflecting systemic toxicity. These 

outcomes affirm the detrimental physiological impact of lead on both biochemical and hematopoietic functions, emphasizing the 

vulnerability of individuals engaged in poorly regulated industrial environments. The findings underscore the urgent need for 

comprehensive occupational safety interventions, including the enforcement of protective equipment usage, regular health monitoring, 

and improved ventilation in workplaces. Moreover, strengthening nutritional support, particularly through calcium supplementation, 

may help mitigate lead-induced biochemical imbalances. Overall, this research provides valuable region-specific evidence that can 

inform public health strategies, guide workplace reforms, and support future longitudinal studies aimed at reducing the long-term health 

burden of lead exposure among industrial workers. 



Volume 3 Issue 5: Occupational Lead Exposure and Hematological Alterations 
Rashid F et al.  

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.                 617 

AUTHOR CONTRIBUTION 

Author Contribution 

Faisal Rashid 

Substantial Contribution to study design, analysis, acquisition of Data 

Manuscript Writing 

Has given Final Approval of the version to be published 

Muhammad Uzair 

Substantial Contribution to study design, acquisition and interpretation of Data 

Critical Review and Manuscript Writing 

Has given Final Approval of the version to be published 

Mian Shakeel shah 
Substantial Contribution to acquisition and interpretation of Data 

Has given Final Approval of the version to be published 

Mumtaz Ullah shah 
Contributed to Data Collection and Analysis 

Has given Final Approval of the version to be published 

Inam Ullah 
Inam Ullah Contributed to Data Collection and Analysis 

Has given Final Approval of the version to be published 

Hilal Saeed 
Substantial Contribution to study design and Data Analysis 

Has given Final Approval of the version to be published 

Abdullah 
Contributed to study concept and Data collection 

Has given Final Approval of the version to be published 

Zakir Ahmad* Writing - Review & Editing, Assistance with Data Curation 

 

REFERENCES 

1. Ma Y, Huang P, Cao J, Zhang J, Huang Y, Chen B. Analysis of a more sustainable method for recycling waste lead batteries: 

Surface renewal promotes desulfurization agent regeneration. Waste Manag. 2022;137:319-28. 

2. Kim MH, Kim DY, Jung JW. Assessment of exposure to sulfuric acid in workers using cleaning equipment operated with lead-

acid batteries. Ann Work Expo Health. 2024;68(2):217-21. 

3. Hussein RA, Refai RH, El-Zoka AH, Azouz HG, Hussein MF. Association between some environmental risk factors and 

attention-deficit hyperactivity disorder among children in Egypt: a case-control study. Ital J Pediatr. 2025;51(1):19. 

4. Tian X, Tan H, Xie J, Xia Z, Liu Y. Design and simulation of a cross-regional collaborative recycling system for secondary 

resources: A case of lead-acid batteries. J Environ Manage. 2023;348:119181. 

5. Tian X, Xiao H, Liu Y, Ding W. Design and simulation of a secondary resource recycling system: A case study of lead-acid 

batteries. Waste Manag. 2021;126:78-88. 

6. Mansyur M, Fitriani DY, Prayogo A, Mutiara A, Asep, Fadhillah R, et al. Determinant Factors of Children's Blood Lead Levels 

in Java, Indonesia. Int J Hyg Environ Health. 2024;261:114426. 

7. Meng Y, Wang K, Wang T, Tu Y, Gong S, Zhang Y, et al. Early occupational exposure to lead on neutrophil-to-lymphocyte ratio 

and genotoxicity. Environ Int. 2021;151:106448. 



Volume 3 Issue 5: Occupational Lead Exposure and Hematological Alterations 
Rashid F et al.  

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.                 618 

8. Goyal T, Mitra P, Singh P, Sharma S, Purohit P, Sharma P. Effect of occupational co-exposure to lead and cadmium on selected 

immunomodulatory cytokines. Toxicol Ind Health. 2022;38(1):1-10. 

9. Shao X, Yu J, Chang J, Huang Z, Jiang Y, Deng S. Effect of vermiculite modified with nano-iron-based material on stabilization 

of lead in lead contaminated soil. Environ Sci Pollut Res Int. 2023;30(35):83821-33. 

10. Gao X, Zhou Y, Fan M, Jiang M, Zhang M, Cai H, et al. Environmental risk assessment near a typical spent lead-acid battery 

recycling factory in China. Environ Res. 2023;233:116417. 

11. Yu YL, An DW, Yang WY, Zhang DY, Martens DS, Nawrot TS, et al. Health risks related to environmental and occupational 

lead exposure. Kardiol Pol. 2025;83(2):138-48. 

12. Sultana J, Nunna TT, Hasan SS, Shoab AK, Wobil P, Vandenent M, et al. Knowledge, attitude, and practices related to lead 

pollution among adolescents and caregivers of young children living near Used Lead Acid Battery (ULAB) recycling sites in 

Bangladesh: a cross-sectional study. BMC Public Health. 2024;24(1):2108. 

13. Schneider JS. Neurotoxicity and Outcomes from Developmental Lead Exposure: Persistent or Permanent? Environ Health 

Perspect. 2023;131(8):85002. 

14. Yu W, Li M, Liang S, Xu Q, Zhang P, Hou H, et al. Novel PbO@C composite material directly derived from spent lead-acid 

batteries by one-step spray pyrolysis process. Waste Manag. 2023;165:51-8. 

15. Wang TW, Wuu J, Cooley A, Yeh TS, Benatar M, Weisskopf M. Occupational lead exposure and survival with amyotrophic 

lateral sclerosis. Amyotroph Lateral Scler Frontotemporal Degener. 2023;24(1-2):100-7. 

16. Kang MY. Occupational risk factors for hypertension. J Hypertens. 2022;40(11):2102-10. 

17. Yu YL, Yang WY, Hara A, Asayama K, Roels HA, Nawrot TS, et al. Public and occupational health risks related to lead 

exposure updated according to present-day blood lead levels. Hypertens Res. 2023;46(2):395-407. 

18. Yu YL, Thijs L, Saenen N, Melgarejo JD, Wei DM, Yang WY, et al. Two-year neurocognitive responses to first occupational 

lead exposure. Scand J Work Environ Health. 2021;47(3):233-43. 

19. Jafari H, Rahimpour MR. Pb acid batteries. Rechargeable Batteries: History, Progress, and Applications. 2020:17-39. 

20. Lopes PP, Stamenkovic VR. Past, present, and future of lead–acid batteries. Science. 2020;369(6506):923-4. 

21. Batra J, Thakur A, Meena SK, Singh L, Kumar J, Juyal D. Blood lead levels among the occupationally exposed workers and 

its effect on calcium and vitamin D metabolism: A case-control study. Journal of Family Medicine and Primary Care. 2020;9(5):2388-

93. 

22. Upadhyay K, Viramgami A, Bagepally BS, Balachandar R. Association between blood lead levels and markers of calcium 

homeostasis: a systematic review and meta-analysis. Scientific Reports. 2022;12(1):1850. 

23. He B, Wang X, Luo H, Zhou Q. Association between blood lead levels and parathyroid hormone among United States 

adolescents aged 12-19: a cross-sectional study. Frontiers in endocrinology. 2024;15:1383058. 

 


