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Abstract

Introduction: Occupational exposure to cement dust poses significant health risks to workers, especially block molders in Benin City, Nigeria. Cement dust inhalation is associated with adverse hematological, biochemical, inflammatory, and trace element alterations that can compromise worker health.
Aim/Objectives: This study aimed to evaluate and compare hematological, biochemical, inflammatory, and trace element changes among industrial and non-industrial block molders exposed to cement dust in Benin City.
Methods: A cross-sectional design recruited 80 industrial block molders, 80 non-industrial block molders, and 45 controls. Parameters measured included red blood cell (RBC) count, hemoglobin, hematocrit, white blood cell count (WBC), platelet count, erythrocyte sedimentation rate (ESR), total antioxidant status (TAS), interleukin-10 (IL-10), calcium, and zinc. Data were analyzed using ANOVA with significance at p<0.05.
Results: Both industrial and non-industrial molders showed significant reductions in RBC, hemoglobin, and hematocrit compared to controls (p=0.001), indicating anemia. Total antioxidant status and zinc levels were also decreased (p=0.001), suggesting oxidative stress and trace element imbalance. Inflammatory markers ESR and IL-10, as well as calcium, were elevated (p=0.001), indicating systemic inflammation and mineral disturbances. Changes were more pronounced among industrial molders.
Conclusion: Cement dust exposure among block molders in Benin City is linked to anemia, oxidative stress, systemic inflammation, and trace element imbalances decreased zinc and elevated calcium levels. These findings call for enhanced occupational safety measures, including dust control and routine health monitoring, to protect workers’ health.
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1. Introduction
Occupational exposure to cement dust poses significant health risks, particularly in developing regions like Nigeria, where workers such as block molders are frequently exposed to high levels of toxic constituents, including silica and heavy metals like chromium and manganese. Studies indicate that these exposures can lead to serious health issues, including respiratory diseases, hematological changes such as anemia, and alterations in white blood cell counts and coagulation parameters1 3 2. For instance, research has shown that cement loaders exhibit elevated serum levels of cadmium and chromium compared to non-exposed controls, highlighting the systemic toxicity associated with cement dust3. Furthermore, the inhalation of fine cement particles can impair lung function and contribute to chronic diseases 4 5. Given these findings, it is crucial to implement effective safety measures and health monitoring to mitigate the adverse effects of cement dust exposure among workers 1 2.
Chronic exposure to occupational dust, including wood, cotton, and coal dust, significantly contributes to oxidative stress and inflammation, as evidenced by reduced total antioxidant status and elevated oxidative stress markers such as malondialdehyde and high-sensitivity C-reactive protein. Studies indicate that workers exposed to these dusts exhibit decreased antioxidant defenses, with specific reductions in serum zinc and glutathione levels, correlating with increased oxidative damage and inflammatory responses, including elevated cytokines like interleukin-10 6 7 8. Furthermore, mineral imbalances, such as altered serum calcium, reflect the inflammatory impact of chronic dust inhalation 10 8. These findings underscore the urgent need for enhanced occupational health surveillance and the implementation of protective measures to mitigate risks associated with chronic dust exposure 6 9.




Methods and Materials
2.1 Study Design and Setting
This investigation utilized a cross-sectional comparative design carried out in Benin City, Edo State, Nigeria. The study focused on assessing occupational health effects of cement dust exposure by comparing industrial and non-industrial block molders to unexposed controls. The cross-sectional approach was chosen to simultaneously evaluate multiple health parameters related to exposure at one point in time, allowing for the identification of associations between cement dust and adverse outcomes.
2.2 Study Population
The study enrolled 205 participants, including 80 industrial block molders, 80 non-industrial block molders, and 45 control individuals from nearby communities without occupational dust exposure. This stratification was designed to facilitate comparative analysis of exposure intensity on health indicators.
2.3 Inclusion and Exclusion Criteria
2.3.1 Inclusion Criteria
Adult participants aged 18–60 years currently employed as block molders for at least one year were recruited. This ensured an adequate exposure window to study chronic effects. Written informed consent was required in accordance with ethical research standards.
2.3.2 Exclusion Criteria
Participants with pre-existing chronic systemic illnesses such as diabetes or hypertension, or those with recent infections or medication potentially affecting hematological and biochemical parameters, were excluded to minimize confounders. Individuals exposed to other occupational toxicants were similarly excluded.



2.4 Sample Size Determination
Cochran’s formula was employed to determine a total sample size of 205, powered at 80% with a 95% confidence level to detect statistically significant differences in hematological means between groups.
The sample size for occupational exposure to cement dust will be determined using Cochran’s formula for estimating sample sizes in prevalence studies:
n = Z2 . p. (1 – p)
                 d2
Where: n = required sample size, Z = Z-score for a 95% confidence interval (1.96)
p = estimated prevalence of was 14 % according to Rahmani et al. (2018), d = margin of error (set at 0.05)
Based on previous studies, the prevalence of cement dust exposure was 14 % amongst subjects according to Rahmani et al. (2018).
Substituting these values: 
N = (1.96)2 x 0.14x (1 – 0.14)
                 (0.05)2

N =         0.4626
                 0.0025
N = 185.01 = 186 Subjects
Accounting for a 10% non-response rate, the sample size was adjusted to 205 subjects. The study included 80 industrial block molders, 80 non-industrial block molders, and 45 controls.

2.5 Sample Collection and Laboratory Analysis
Venous blood samples were collected via aseptic technique into EDTA and plain tubes. Automated hematology analyzers assessed red blood cells (RBC), hemoglobin (HGB), hematocrit (HCT), white blood cells (WBC), platelets, and erythrocyte sedimentation rate (ESR). Serum total antioxidant status (TAS) and interleukin-10 (IL-10) were quantified by standardized ELISA methods. Calcium and zinc levels were measured using atomic absorption spectrophotometry, enabling assessment of trace element imbalances linked to dust exposure.
2.6 Data Management and Statistical Analysis
Data was cleaned and entered into SPSS version 26. Normality tests were performed followed by one-way ANOVA to compare group means, supplemented with Tukey’s post hoc analysis to identify specific intergroup differences. Statistical significance was set at p < 0.05, aligning with best practices for biomedical research.
2.7 Limitations
The cross-sectional design limits inference of causality between cement dust exposure and health outcomes, providing associations rather than definitive effects. Reliance on self-reported exposure duration may introduce recall bias, potentially affecting exposure assessment accuracy. Furthermore, the sample size, while statistically powered, limits generalizability. Future longitudinal and larger cohort studies are recommended for deeper insights.

3.0 Results and Discussion 
Table 1. Comparison of Hematological, Inflammatory, and Biochemical Parameters Among Control, Industrial, and Non-Industrial Groups
	Parameter
	Control (Mean ± SD)
	Industrial (Mean ± SD)
	Non-Industrial (Mean ± SD)
	ANOVA p-value

	RBC (10^12/L)
	5.12 ± 0.41
	4.78 ± 0.38
	4.92 ± 0.39
	0.001

	Hemoglobin (g/dL)
	14.8 ± 1.1
	13.2 ± 1.0
	13.8 ± 1.2
	0.001

	Hematocrit (%)
	44.2 ± 3.2
	39.8 ± 3.0
	41.5 ± 3.1
	0.001

	MCV (fL)
	86.3 ± 4.5
	83.2 ± 4.8
	84.3 ± 4.6
	0.018

	MCH (pg)
	28.9 ± 2.1
	27.6 ± 2.3
	28.0 ± 2.2
	0.010

	WBC (10^9/L)
	6.8 ± 1.2
	8.1 ± 1.4
	7.6 ± 1.3
	0.001

	Platelet (10^9/L)
	245 ± 45
	298 ± 52
	276 ± 48
	0.001

	Lymphocytes (%)
	40.2 ± 5.1
	36.8 ± 4.8
	38.5 ± 5.0
	0.002

	ESR (mm/hr)
	5.2 ± 1.1
	8.7 ± 1.8
	7.4 ± 1.5
	0.001

	TAS (mmol/L)
	1.85 ± 0.22
	1.42 ± 0.18
	1.58 ± 0.20
	0.001

	IL-10 (pg/mL)
	12.4 ± 2.1
	15.8 ± 2.8
	14.2 ± 2.5
	0.001

	Calcium (μg/dL)
	95.2 ± 8.1
	102.4 ± 9.2
	98.7 ± 8.5
	0.001

	Zinc (μg/dL)
	75.6 ± 6.3
	68.3 ± 5.8
	71.2 ± 6.0
	0.001




[bookmark: _Hlk212060465]The results show that occupational exposure to cement dust causes significant anemia among block molders, likely due to bone marrow toxicity and chronic inflammation. Elevated white blood cell counts, platelets, and ESR indicate ongoing inflammatory and immune responses. Reduced total antioxidant status and increased IL-10 levels suggest oxidative stress and immune modulation influenced by dust exposure. Decreased zinc and elevated calcium levels reveal disrupted mineral balance, likely linked to toxic dust components. Industrial molders exhibited more severe alterations, reflecting higher exposure intensity or duration. These findings closely align with existing literature on cement dust’s adverse health effects in similar settings.

The consistent finding of anemia among workers exposed to cement dust is corroborated by multiple studies indicating significant hematological alterations due to toxic components in cement dust. Research shows that exposure leads to decreased hemoglobin levels, red blood cell counts, and packed cell volume, with significant differences noted in various studies (p<0.05). Additionally, elevated inflammatory biomarkers, such as increased white blood cell counts and platelets, suggest systemic inflammation, often mediated by cytokines like IL-10, which confirms immune system engagement in response to cement dust exposure 4. The presence of toxic heavy metals in cement dust further exacerbates these health issues, highlighting the need for protective measures in occupational settings 4. Overall, the evidence underscores the detrimental effects of cement dust on hematological health and systemic inflammation among exposed workers.
The findings of diminished antioxidant capacity and zinc depletion highlight oxidative stress as a key pathogenic mechanism in dust-induced toxicity, a phenomenon well-documented in populations exposed to particulate matter 11 12. Disrupted calcium homeostasis and other metabolic perturbations are increasingly recognized as downstream effects of the inflammatory cascade initiated by dust exposure 13 14. The dose-response relationship between exposure intensity and adverse health outcomes is a cornerstone of occupational health, consistently observed in modern cohort studies 15 16. International research continues to reinforce the respiratory and systemic burden of cement and construction dust, underscoring the critical need for a hierarchy of controls. This includes engineering solutions, strict adherence to respiratory protective equipment, and robust health surveillance programs 17 18. While effective dust suppression technologies combined with targeted worker education have proven efficacy in risk reduction, achieving sustained behavioral change remains a persistent challenge in the industry 19 20.


5 Conclusion
This study shows that block molders' haematological and biochemical changes are significantly impacted by their occupational exposure to cement dust. Exposure-related anemia is indicated by decreased hemoglobin, red blood cell count, and packed cell volume, but systemic inflammation and immunological activation are reflected by higher white blood cells, platelets, ESR, and IL-10 levels. While elevated calcium points to a disturbed metabolic balance, the observed zinc depletion and decreased total antioxidant status support oxidative stress as a key cause. More severe derangements were seen in industrial block molders, highlighting the significance of exposure length and intensity. According to these findings, oxidative damage, inflammation, and micronutrient imbalance all have a synergistic effect on haematological health. Therefore, cement dust exposure is a preventable occupational hazard with quantifiable systemic consequences that calls for immediate preventive action. Strengthening workplace ventilation, enforcing the use of personal protective equipment, and instituting regular health surveillance are crucial for minimizing risk.

6. Recommendations
Implement engineering controls and personal protective equipment (PPE) for block molders.
Conduct regular health screenings including hematological and biochemical tests.
Provide occupational health education on risks and prevention.
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