


Duration-Dependent Depletion of Micronutrients in Nigerian Male Workers Exposed to Lead



Abstract
Background: This study examined the effect of the duration of occupational exposure to lead on the levels of haemoglobin, key trace elements Zinc (Zn), Selenium (Se), Iron (Fe), and non-enzymatic antioxidants Vitamin C and Uric Acid in Nigerian male auto painters and battery chargers. Participants in both occupations were divided into two groups: those with less than 5 years of exposure (<5 years) and those with 5 years or more of exposure (>5 years).
Methods: This six-month, cross-sectional study analyzed blood lead levels (BLL), haemoglobin (Hb), zinc, selenium, iron, vitamin C, and uric acid in 100 male Nigerian workers (50 battery chargers, 50 auto painters) aged 18-60 in Lagos. The subjects were categorized by duration of lead exposure (<5 years vs. >5 years). BLLs, Zn, Fe and Se were measured using Atomic Absorption Spectrophotometry (AAS), Haemoglobin (Hb), Vitamin C, and Uric Acid were analyzed using spectrophotometric methods. Data were processed with SPSS version 20.
The results showed a time-dependent increase in lead accumulation in both groups. For Auto Painters, Pb levels rose significantly from 24.02 µg/dL to 36.28 µg/dl. Battery Chargers displayed much higher lead levels, increasing significantly from 48.69 µg/dL to 67.74 µg/dL, indicating greater exposure severity in this occupation. Importantly, prolonged exposure resulted in a highly significant depletion of all measured micronutrients and antioxidants in both occupational groups, suggesting increased lead toxicity and chronic oxidative stress. In Auto Painters, the levels of Zn, Fe, Se, Vitamin C, and Uric Acid were all significantly lower in the >5 years group. This depletion was even more pronounced in Battery Chargers. Those exposed for over 5 years showed a highly significant reduction in Zn, Fe, Se, and Vitamin C, with Uric Acid also significantly decreased.  
Conclusion: The duration of occupational lead exposure is directly and significantly correlated with increased lead body burden and a severe, progressive depletion of essential trace metals and antioxidant defences. These findings underscore the urgent need for targeted nutritional interventions, such as supplementation with Zinc, Iron, and Selenium, to mitigate the chronic health risks associated with prolonged lead exposure among these vulnerable Nigerian workers.
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Introduction
Exposure to lead in the workplace, a widespread heavy metal that offers no known health benefits, continues to be a significant public health issue worldwide, particularly in developing nations like Nigeria, where regulatory enforcement and protective measures can be inadequate [1] Lead's diverse applications across industries, including battery charging, painting, metal works, and artisanal mining, create environments where workers face chronic exposure through inhalation and ingestion [2]  
The toxicity of lead is well-documented, affecting multiple organ systems, including the hematopoietic, nervous, renal, and reproductive systems [3].  The primary mechanism of lead-induced injury is often attributed to oxidative stress, where lead promotes the generation of reactive oxygen species (ROS) while simultaneously compromising the body's antioxidant defence systems [4][5] 
Micronutrients, such as essential trace elements ( Zinc, Selenium, Iron, Copper) and vitamins (Vitamin C), are indispensable cofactors for numerous enzymatic reactions and form the foundation of the body's antioxidant and immune defence mechanisms [5][6]. The toxicological nexus between lead and micronutrient status is established through several pathways [7]
Lead can functionally mimic or compete with essential ions such as Calcium, Zinc, and Iron for binding sites on proteins and enzymes, leading to their inactivation or displacement [8]. Deficiencies in certain micronutrients, particularly iron and calcium, can enhance gastrointestinal lead absorption [9].
Essential micronutrients such as Zinc and Selenium are integral components of major antioxidant enzymes, including Superoxide Dismutase (SOD) and Glutathione Peroxidase (GPx) [10][11]. Lead exposure can deplete or inactivate these micronutrient-dependent antioxidant systems, further exacerbating oxidative damage [12]. While the Blood Lead Levels, (BLLs) is the most common biomarker of recent exposure, the duration of occupational exposure is crucial for assessing chronic toxicity and bioaccumulation [13]  Lead has a long biological half-life, especially when stored in the bone (up to 30 years), meaning that cumulative exposure over years can have more profound and irreversible effects [7]
Studies on Nigerian occupational groups, such as battery chargers and auto painters, have consistently reported significantly elevated blood lead levels and associated health risks, including subclinical renal impairment and disrupted hormonal balance, with the severity often correlating with the duration of exposure [14][15][15]. However, the specific influence of prolonged exposure duration on the pattern and extent of micronutrient depletion or alteration (e.g., Iron, Zinc, Selenium, and Vitamin C status) in these Nigerian male workers requires focused investigation [5]. The central hypothesis of this study is that increasing duration of occupational lead exposure will result in more severe alterations and depletion of essential micronutrient and antioxidant status among Nigerian male workers. By evaluating the relationship between years of exposure and levels of key micronutrients, this research aims to provide critical data to inform the development of targeted nutritional interventions and public health strategies, such as dietary supplementation, to mitigate the chronic toxic effects of lead in this vulnerable population. 
Methodology
Study Site
Surulere is a key part of metropolitan Lagos on the Lagos mainland, and functions as both a residential and commercial centre. Spanning 23 km2, it is characterized by its high population density, with 744,000 residents in 2022, translating to 32,000 inhabitants per square kilometre. The dominant ethnic groups residing in this Local Government Area (LGA) are the Yoruba and Christians, although studies have shown varied income levels. 	Comment by Dr. Ali: The number (100 participants) is acceptable, but: Dividing them into four groups reduces the statistical power. No power calculation is mentioned.

Study design	Comment by Dr. Ali: This is a cross-sectional study: it does not definitively prove causation.

This limitation should be stated more clearly in the discussion or conclusion.	Comment by Dr. Ali: 
The study aims to demonstrate a duration-dependent significant difference in lead accumulation across groups of lead workers. Since the aim was to evaluate the effect of lead exposure duration among these workers, the group with less than 5 years of exposure serves as the hypothetical baseline group for comparison with the group with 5 years or more of exposure. 	Comment by Dr. Ali: The absence of a control group—there was no group not exposed to lead—weakens the strength of the conclusions.

Comparing only the durations of exposure weakens the conclusions.
The presence of a control group would have greatly enhanced the results.
Inclusion Criteria
Adult males aged 18–60 years, physically healthy, non-smokers, and with clear consent. Exposed workers had a minimum employment duration. This was to Minimize other factors that can influence haematological and antioxidant status.
Exclusion Criteria
Individuals with chronic diseases like diabetes, hypertension, renal impairment, inherited haematological disorders, or recent use of vitamin and mineral supplements. This was to ensure the observed effects are primarily attributable to lead exposure.

Ethical Approval
Approval for ethical compliance in the study was obtained from the Institutional Review Board (IRB) at the Nigerian Institute for Medical Research in Lagos State. All participants provided informed consent through a carefully designed questionnaire. Furthermore, they received verbal summaries outlining the risks associated with lead exposure to promote their voluntary participation. Sample Collection
Blood
Ten millilitres (10mL) of venous blood were drawn from each subject. The samples were collected in the morning, specifically between 8:00 AM and 10:00 AM. This volume was then divided equally and dispensed into three collection vessels: lead-free heparinized tubes, EDTA and plain bottles. Samples designated for lead analysis were processed within three hours of collection. The blood in the plain bottles was allowed to clot, after which it was centrifuged to separate the serum. The resulting serum was stored at -4 °C until analysis. 
Statistical Analysis

Data analysis utilized SPSS version 24. The Independent Student's t-test compared groups. Results are presented as mean ± SD, with statistical significance defined as a p < 0.05	Comment by Dr. Ali: Relying solely on an independent t-test: it does not take into account confounding variables (age, nutrition, exact years of work). There is no correlation or regression analysis.

Laboratory Analysis
Determination of Lead, Selenium, Iron and Zinc

Principle: Atomic Absorption Spectrophotometry (AAS) is a technique used to measure the concentration of metals in a sample, such as determining blood lead levels (BLL) or serum zinc, selenium, and Iron. The principle involves using heat from a flame to convert the metal compounds into free, ground-state atoms. A light source then shines a beam with the exact wavelength characteristic of the metal being analyzed through this cloud of atoms. The atoms absorb this specific energy, moving them to an excited state. The core measurement is the amount of light energy absorbed by the sample. This absorption is directly proportional to the quantity, or concentration, of the target element present [16]
Determination of Haemoglobin
Principle: When exposed to alkaline potassium ferricyanide, haemoglobin undergoes oxidation to become methaemoglobin. This methaemoglobin subsequently reacts with potassium cyanide to form cyanmethaemoglobin, which exhibits absorption at 540 nm. The level of this absorbance is directly proportional to the total concentration of haemoglobin.
Determination of Vitamin C
Principle: The ascorbic acid in the serum is first chemically oxidized using copper(II) ions. This converts the ascorbic acid into its oxidized form, dehydroascorbic acid. The newly formed dehydroascorbic acid is then reacted with a chemical reagent called 2,4-dinitrophenylhydrazine (2,4-DNPH) under acidic conditions. This reaction forms a coloured compound known as a hydrazone, which appears reddish-orange. The intensity of this reddish hydrazone colour is measured using a spectrophotometer at a specific wavelength of 520 nanometers. The amount of colour produced is directly proportional to the original concentration of ascorbic acid in the serum [17]
Determination of Uric Acid
Principle: The uric acid in the sample is first converted by the enzyme uricase. This reaction breaks down the uric acid, yielding two products: allantoin   and hydrogen peroxide. Under the catalytic influence of a second enzyme, peroxidase, the hydrogen peroxide oxidises two special colourless reagents: 3,5-dichloro-2-hydroxybenzene sulfonic acid (DCHBS) and 4-aminophenazone (4-AAP). This oxidation reaction causes DCHBS and 4-AAP to couple and form a deeply coloured dye known as a quinoneimine compound. This compound appears to have a distinct red-violet colour, whose intensity is measured spectrophotometrically. The intensity of the final red-violet colour is directly proportional to the amount of hydrogen peroxide produced, which is, in turn, directly proportional to the original concentration of uric acid in the sample [18].

Results

The mean values of lead, Hb, zinc, iron, selenium, vitamin C and uric acid of the auto painters with less than 5 years duration of exposure and 5 years and above duration of exposure are expressed in Table 1.  Interestingly, lead level concentrations for exposure durations of 5 years or longer increased significantly compared with those for exposure durations of less than 5 years (p < 0.01). All trace metals with exposure durations of 5 years or longer were significantly reduced compared to those with exposure durations of less than 5 years (p < 0.05). Similarly, vitamin C and uric acid were significantly lower in the 5 years and above duration-of-exposure group than in the less than 5 years duration-of-exposure group (p < 0.05).  There was no significant difference in Hb levels between auto painters with less than 5 years of exposure and those with 5 years or more of exposure (P > 0.05).
The mean values of lead, haemoglobin, zinc, iron, selenium, vitamin C, and uric acid in battery chargers with exposure durations of less than 5 years and those with 5 years or more are shown in Table 2. Lead levels were significantly higher in the group exposed for 5 years or more than in the group with less than 5 years of exposure (p < 0.05). All trace metals measured over 5 years of exposure were significantly lower compared to those with less than 5 years of exposure (p < 0.0001). Similarly, vitamin C levels in the group exposed for 5 years or more decreased significantly compared to the less-than-5-year group (p < 0.0001). Uric acid levels in the 5-year-and-above group were significantly lower than in the less-than-5-year group (p < 0.05). There was no significant difference in haemoglobin levels between battery chargers exposed for less than 5 years and those exposed for 5 or more years (p > 0.05).




Table 1: Concentrations of Pb, Hb, Zn, Fe, Se, vitamin C and uric acid in auto painters with different durations of lead exposure.
Variables		Auto painters		          Auto painters
			<5 years exposure    	> 5 years exposure
			n=30			n=20			t-value            	p-value
Pb (µg/dL)		24.02 ± 12.86		36.28 ± 18.38 		2.778           	0.008*
Hb (g/dL)		12.18 ± 1.29		11.58 ± 0.96              	1.782		0.081*
Zn (µg/dL)		86.93 ± 10.89		78.35 ± 9.98		2.820		0.007*
Fe (µg/dL)		88.93 ± 8.78		77.25 ± 13.97		3.635      	0.001*
Se (µg/L)          	41.17 ± 5.13		34.25 ± 6.90              	2.126          	0.047*
Vitamin C (mg/dL)	1.77 ± 0.32		1.30  ± 0.38		4.749		0.0011*
Uric acid (mg/dL)  	4.49 ± 0.86		3.83 ± 0.77		2.791		0.018*
 
Results are expressed as mean ± SD
* =significantly different 
n = number of subjects

Pb  = Lead
Hb = Haemoglobin
Zn = Zinc
Fe = Iron
Se = Selenium

Table 2: Concentrations of Pb, Hb, Zn, Fe, Se, vitamin C and uric acid in battery chargers with different durations of lead exposure.
Variables		Battery chargers        Battery chargers
				<5 years exposure >5 years exposure
				n=30			n=20			t-value          	p-value
Pb (µg/dL)		48.69 ± 12.32        	67.74 ± 19.87 		-3.28		0.0205*
Hb (g/dL)		12.03 ± 3.06		10.61 ± 0.93		0.990		0.327
Zn (µg/dL)		68.93 ± 7.40		53.40 ± 7.92		7.070		0.0001*
Fe (µg/dL)		58.23 ± 5.23		41.50 ± 6.22		10.266		0.0001*
Se (µg/L)		35.17 ± 4.01		19.45 ± 2.13		16.068		0.0001*
Vitamin C (mg/dL)	1.12 ± 0.25		0.80 ± 0.21		4.728		0.0001*
Uric acid (mg/dL)	3.63 ± 0.60		2.72 ± 0.44		5.789		0.0204*

Results are expressed as mean ± SD
* =significantly different
n = number of subjects

Pb  = Lead
Hb = Haemoglobin
Zn = Zinc
Fe = Iron
Se = Selenium



Discussion	Comment by Dr. Ali: Recommendations for Improvement:
Add a non-exposed control group where possible (even in future studies).

Conduct:
Pearson correlation between BLL and nutrients
Linear regression with exposure duration
Explicitly state limitations in a separate section.

Scientific Improvements:
Add direct measurement of oxidative stress markers:
SOD
GPx
MDA
Clearer clinical correlation of results (implications).

Language and Formatting Improvements:
Final proofreading
Unified table formatting
Reduced length in some discussion paragraphs without sacrificing depth.
The general trend across both occupational groups is that prolonged exposure to lead significantly exacerbates lead accumulation and depletes essential micronutrients and antioxidants.
This study clearly establishes that the duration of occupational lead exposure is a critical determinant of lead toxicokinetics and its subsequent impact on micronutrient and antioxidant status in Nigerian male workers. These findings are consistent with those of other studies [5][19]. In both auto painters and battery chargers, longer exposure duration (>5 years) is associated with a significant increase in blood lead levels.
This depletion probably results from lead's ability to compete with vital metals like Zn and Fe for enzyme and transporter binding sites, as well as from the consumption of antioxidants [20]. The significant drops in Zinc, Selenium, and Vitamin C levels among lead-exposed Nigerian workers, especially those with longer exposure, have important physiological consequences that highlight lead's chronic toxicity [20][21]. These notable decreases impair the body's capacity to counteract lead-induced damage, fostering a vicious cycle of toxicity and nutrient depletion.
Zinc is an essential trace element and a cofactor for over 300 enzymes, playing a vital role in metabolism, DNA repair, and immune function. Its depletion caused by lead exposure has two major physiological effects. Zinc is crucial for the proper functioning of delta-aminolevulinic acid dehydratase (d-ALAD) [22]. Lead significantly inhibits ALAD by competing with the zinc atom at its active site, thereby disrupting haem synthesis, the oxygen-carrying component of haemoglobin. Although the study found no significant difference in final Hb levels based on duration, ongoing zinc depletion and ALAD inhibition suggest a state of subclinical haematotoxicity and impaired erythropoiesis. Chronic exposure will eventually lead to microcytic anaemia [23]. Additionally, Zn is an indispensable component of the antioxidant enzyme Copper/Zinc Superoxide Dismutase (Cu/Zn-SOD)[24]. The reduction in available Zn may compromise this enzyme’s activity, thereby converting the highly reactive superoxide radical (O2-) into the less toxic hydrogen peroxide [25]. The implication is that reduced Zn levels weaken the body's first line of defence against ROS generated by lead, leading to a build-up of oxidative stress and potential damage to lipids, proteins, and DNA.
Selenium is a crucial trace element, mainly known for its roles in antioxidant protection and immune response. Se, which plays a central role in the formation of selenocysteine, is an essential structural component of the enzyme Glutathione Peroxidase (GPx), which is vital for neutralizing hydrogen peroxide and organic hydroperoxides, thereby detoxifying harmful ROS. The notable decline in Se seen in workers with prolonged exposure may directly undermine GPx activity [26][27][28]. The depletion of selenium and zinc may reduce GPx and SOD, leading to a severe imbalance in the cellular redox state and, in turn, exponentially increasing lead-induced oxidative stress and cellular injury, particularly in the kidneys and liver [5][29][30].
Vitamin C is a powerful, water-soluble, non-enzymatic antioxidant that directly scavenges ROS and helps regenerate other antioxidants, such as Vitamin E. Vitamin C can directly neutralize lead-generated free radicals and chelate specific metal ions, potentially limiting their ability to catalyze further free radical formation. The highly significant reduction in plasma Vitamin C levels, especially among battery chargers with more prolonged exposure, suggests that this crucial antioxidant is being rapidly depleted to quench the massive surge of lead-induced free radicals. A state of chronic Vitamin C depletion leaves the body vulnerable to sustained oxidative damage and impairs immune function and collagen synthesis [31].
Uric acid is the end product of purine metabolism in humans. It acts as a potent, non-enzymatic, water-soluble antioxidant in plasma, significantly contributing to the body's overall antioxidant capacity. Similar to vitamin C, uric acid is rapidly depleted when the body experiences high levels of ROS production and oxidative stress [32]. Because lead exposure can cause severe oxidative stress, uric acid levels decrease as it is used to neutralize lead-induced free radicals. The marked decline in uric acid levels among auto painters and battery chargers indicates a substantial and ongoing effort by the body's non-enzymatic defence system to counteract toxicity. This depletion may further weaken the overall antioxidant reserve, rendering circulating lipids and proteins more susceptible to damage.

Battery chargers showed higher baseline Pb levels and, consequently, a more significant depletion of Zn, Fe, Se, and Vitamin C with prolonged exposure (p<0.0001) compared to auto painters. This indicates that the nature of the work environment in battery handling may pose a greater and more immediate risk of exposure.
Conclusion
The study's findings show that prolonged lead exposure systematically weakens the body’s primary defence systems by depleting essential micronutrients such as zinc, selenium, and iron, which are crucial for enzymatic antioxidant functions like SOD, GPx, and catalase, and by reducing non-enzymatic free radical scavengers like vitamin C. This can cause severe oxidative stress, increasing the risk of chronic, irreversible organ damage, including neurotoxicity or nephrotoxicity, in these occupationally exposed Nigerian males. Monitoring the levels of SOD, GPx, and catalase in workers with long-term lead exposure is therefore essential for future research.

Recommendations
Given the significant reduction in essential micronutrients (Zn, Fe, Se) and antioxidants (Vitamin C), targeted dietary supplementation programmes must be implemented for all workers exposed occupationally, especially those with longer periods of employment, to mitigate the oxidative damage caused by chronic lead exposure. Regular and comprehensive health surveillance should be mandated, focusing not only on blood lead levels but also on the status of key micronutrients such as Zn, Fe, and Se, and on antioxidants such as Vitamin C to monitor subclinical health effects. Immediate and strict enforcement of occupational health and safety protocols is necessary, particularly for high-risk occupations such as battery charging, to reduce environmental lead levels, prevent worker exposure, and avoid bioaccumulation. Workers should receive mandatory, regular training on the hazards of lead exposure, proper use of Personal Protective Equipment (PPE), and hygiene practices such as handwashing before eating and avoiding bringing work clothes home. Future research should target the levels of SOD, GPx, and catalase during prolonged exposures.
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