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Abstract function through mechanisms involving 
Chronic exposure to cement dust is an occupational inflammation and oxidative stress and disrupts trace 
hazard associated with systemic inflammation, element balance. These findings highlight the need 
oxidative stress, and haematological dysfunction. for occupational health interventions, including dust 
Cement dust contains silica and heavy metals, control, consistent use of personal protective 
which can trigger immune activation, oxidative equipment, and routine health monitoring of 
damage, and alterations in trace element exposed workers.
homeostasis, particularly among workers in 
developing countries. This study assessed the Keywords: Cement dust, inflammation, 
impact of chronic cement dust exposure on oxidative stress, anemia, IL-10, trace elements, 
haematological indices, inflammatory response, occupational health
oxidative balance, and trace element status among 
industrial and non-industrial block molders in Benin Introduction
City, Nigeria. A cross-sectional study was Occupational exposure to cement dust is 
conducted involving 205 participants: 80 industrial increasingly recognized as a significant health 
block molders, 80 non-industrial block molders, and hazard due to its potential to induce oxidative 
45 unexposed controls. Blood parameters measured stress, inflammation, and haematological 
included red blood cell count (RBC), haemoglobin, disturbances (Ahmad et al., 2024). Cement dust 
white blood cell count (WBC), erythrocyte contains toxic components such as silica, 
sedimentation rate (ESR), interleukin-10 (IL-10), hexavalent chromium, lead, and other heavy 
total antioxidant status (TAS), calcium, and zinc metals, which are known to generate reactive 
levels, using automated analyzers and oxygen species (ROS) and trigger oxidative 
immunoassays. Data were analyzed using ANOVA, damage within biological systems (Ahmad et al., 
with significance set at p<0.05. Compared to 2021). These oxidative processes, in 
controls, exposed workers exhibited significant combination with inflammatory responses, can 
reductions in RBC count and haemoglobin levels, negatively affect red blood cell (RBC) 
indicating anaemia (p=0.001). Inflammatory production by impairing bone marrow function 
markers ESR and IL-10 were significantly elevated and inhibiting hemoglobin synthesis, ultimately 
in both exposed groups (p=0.001), suggesting contributing to anemia in exposed individuals 
persistent systemic inflammation. Total antioxidant (Capitão et al., 2022). Chronic exposure to 
status was reduced (p=0.001), reflecting oxidative cement dust has been associated with decreases 
stress. Trace element analysis showed zinc in RBC count, haemoglobin concentration, 
depletion and calcium elevation (p=0.001). The haematocrit, and mean corpuscular haemoglobin 
industrial block molders demonstrated more c o n c e n t r a t i o n  ( M C H C ) ,  s u g g e s t i n g  
pronounced hematological and biochemical compromised erythropoiesis and possible 
alterations than non-industrial molders. Chronic haemolytic effects (Wan et al., 2021).
cement dust exposure impairs haematological 

SJMLS Volume 10, Number 4   December, 2025    Page 56



Workers involved in block molding are Methods and Materials
particularly susceptible due to their prolonged Study Design and Setting
and repetitive exposure to dust-laden A cross-sectional comparative analysis was 
environments, often without sufficient conducted in various workshops across Benin 
protective equipment. Such exposure has been City, Edo State, Nigeria. The setting included 
linked to persistent systemic inflammation, as both formal industrial workshops and informal 
evidenced by elevated inflammatory markers, non-industrial block molding sites, representing 
including erythrocyte sedimentation rate (ESR) typical exposure environments for cement dust 
and interleukin-10 (IL-10) (LeVan et al., 2018). inhalation among workers in the region.
Chronic inflammation may further modulate 
immune function and exacerbate haematological Study Population
abnormalities, creating a cycle of immune and The study recruited a total of 205 participants 
haematopoietic dysregulation. At the same time, divided into three groups: 80 industrial block 
reductions in total antioxidant status (TAS) and molders with intense exposure to cement dust, 80 
deficiencies in essential trace elements, n o n - i n d u s t r i a l  b l o c k  m o l d e r s  w i t h  
particularly zinc, compromise the body's defense comparatively lower exposure levels, and 45 
against oxidative damage, given zinc's role as a unexposed control individuals drawn from 
cofactor for critical antioxidant enzymes. surrounding communities with no occupational 
Addi t ional ly,  d is rupt ions  in  mineral  contact with cement dust.
homeostasis, including elevated calcium levels, 
indicate metabolic imbalance arising from Inclusion and Exclusion Criteria
chronic inflammation and the toxic effects of Inclusion Criteria
cement dust (Dubey et al., 2020). Participants aged between 18 and 60 years who 

had been engaged in block molding work for at 
Epidemiological studies from diverse industrial least one year and who provided informed 
and geographic settings support these findings consent were included to ensure adequate 
(Razzaque and Wimalawansa, 2025; Aaseth, exposure duration and ethical participation.
2022). Research conducted in Nigerian cement 
factories has documented significant alterations Exclusion Criteria
in hematologic indices, including anemia, Exclusion criteria were designed to reduce 
leukocytosis, and platelet changes, among confounding factors and included a history of 
workers exposed to cement dust (Egbe et al., chronic systemic illnesses such as cardiovascular 
2016). Comparable observations have been diseases, diabetes mellitus, and hypertension. 
reported internationally, including in Individuals with recent acute infections or those 
Bangladesh and Turkey, where occupational under medication that could influence 
exposure to cement dust was associated with haematological or biochemical markers were 
oxidative stress, inflammatory responses, and excluded. Participants with known exposure to 
haematological changes (Ahmad et al., 2021). other toxic substances were also excluded to 
These studies collectively emphasize the isolate the effects of cement dust exposure.
widespread nature of these occupational hazards 
and highlight the need for localized Sample Size Determination
investigations. Sample size calculation employed Cochran's 

formula to achieve sufficient statistical power for 
In this context, understanding the impact of cement de tec t ing  s ign i f i can t  d i ff e rences  in  
dust on the haematological, immune, and oxidative haematological, inflammatory, and trace 
status of block molders is critical, particularly in element parameters among groups. The 
Benin City, Nigeria. Such assessments are essential calculation assumed 80% power and a 5% 
for identifying at-risk populations, informing significance level, resulting in a minimum 
occupational safety measures, and guiding required sample of 205 participants.
interventions to mitigate the adverse health effects 
of chronic cement dust exposure.
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Cochran's formula was employed to determine a Data Management and Statistical Analysis
total sample size of 205, powered at 80% with a Data collected were entered into IBM SPSS 
95% confidence level to detect statistically Statistics version 26 for analysis. Initial data 
significant differences in hematological means cleaning and validation were performed. 
between groups. Descriptive statistics summarized participant 

demographics and biochemical parameters. 
The sample size for occupational exposure to One-way analysis of variance (ANOVA) was 
cement dust will be determined using Cochran's conducted to compare mean values across the 
formula for estimating sample sizes in three groups. Where ANOVA indicated 
prevalence studies: significant differences, Tukey's post hoc test 

2 determined intergroup significance. Statistical n = Z  . p. (1 – p)
2 significance was predefined at p < 0.05.                 d

Where: n = required sample size, Z = Z-score for 
Ethical Considerationsa 95% confidence interval (1.96)
The study secured ethical approval from the p = estimated prevalence of was 14 % according to 
Institutional Review Board of the Edo State Rahmani et al. (2018), d = margin of error (set at 0.05)
Ministry of Education. Written informed consent 
was obtained from all participants after detailed Based on previous studies, the prevalence of 
explanation of study objectives, procedures, cement dust exposure was 14 % amongst 
risks, and benefits. Participant confidentiality subjects according to Rahmani et al. (2018).
was strictly maintained, and all procedures Substituting these values: 

2 complied with the Declaration of Helsinki on N =  (1.96)  x 0.14x (1 – 0.14)
2 human research ethics.                 (0.05)

LimitationsN =         0.4626
Despite its strengths, this cross-sectional study                  0.0025
design restricts causal interpretation, as exposure N = 185.01 = 186 Subjects
and outcome were assessed simultaneously. The 
inability to track temporal changes or Accounting for a 10% non-response rate, the 
progression limits etiological conclusions. sample size was adjusted to 205 subjects. The 
Reliance on self-reported occupational exposure study included 80 industrial block molders, 80 
duration introduces potential recall bias and non-industrial block molders, and 45 controls.
misclassification. Environmental or personal 
dust concentration measurements were not Sample Collection and Laboratory Analysis
incorporated, limiting precise exposure Venous blood samples were collected aseptically 
quantification. The sample size, though from the antecubital fossa using sterile needles 
statistically adequate, may not represent all and tubes—EDTA tubes for haematological 
industrial and non-industrial block molders in assays and plain tubes for serum separation. 
Nigeria or other regions with varying exposure Automated haematology analyzers measured red 
conditions. Future longitudinal, multi-center blood cells (RBC), haemoglobin, haematocrit 
studies with objective exposure assessments and (HCT), white blood cells (WBC), platelets, and 
clinical outcome evaluation are necessary to erythrocyte sedimentation rate (ESR). Serum 
validate and extend these findings.was used to quantify total antioxidant status 

(TAS) and inter leukin-10 (IL-10),  a  
proinflammatory cytokine, through enzyme-
linked immunosorbent assay (ELISA) using 
commercially validated kits. Trace elements 
calcium and zinc were quantified by atomic 
absorption spectrophotometry, ensuring 
sensitive and accurate detection relevant to dust 
exposure effects.
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Results

Table 1: Effect of cement Dust Exposure on Haematological, Immune, and Oxidative Parameters 
of Block Molders

SJMLS

Parameter 
Control 

(Mean ± 

SD) 

Industrial 

(Mean ± SD) 

Non-

Industrial 

(Mean ± SD) 
Interpretation  p-value  

RBC (×10¹²/L) 5.12 ± 0.41 4.78 ± 0.38 ? 4.92 ± 0.39 ? 
Reduced in exposed groups; 

anemia more severe in 

industrial  
0.001  

Haemoglobin 

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

Decreased, reflecting impaired 

erythropoiesis  
0.001  

WBC 

(×10? /L) 
6.8 ± 1.2 8.1 ± 1.4 ? 7.6 ± 1.3 ? 

Elevated, indicating immune 

activation/inflammation  
0.001  

ESR (mm/hr) 5.2 ± 1.1 8.7 ± 1.8 ? 7.4 ± 1.5 ? 
Persistent systemic 

inflammation  
0.001  

IL-10 (pg/mL) 12.4 ± 2.1 15.8 ± 2.8 ? 14.2 ± 2.5 ? 
Elevated anti-inflammatory 

cytokine response  
0.001  

TAS (mmol/L) 1.85 ± 0.22 1.42 ± 0.18 ? 1.58 ± 0.20 ? 
Reduced antioxidant capacity; 

oxidative stress  
0.001  

Calcium 

(ìg/dL) 
95.2 ± 8.1 102.4 ± 9.2 ? 98.7 ± 8.5 ? 

Mineral imbalance; higher in 

exposed workers  
0.001  

Zinc (ìg/dL) 75.6 ± 6.3 68.3 ± 5.8 ? 71.2 ± 6.0 ? 
Trace element depletion; 

antioxidant enzyme cofactor  
0.001  

 Legend:

↑
§ = Significantly higher than control

↓
§ = Significantly lower than control

Notes:

§Industrial block molders exhibit the most pronounced alterations across all parameters, 
reflecting the intensity and duration of cement dust exposure.

§Non-industrial molders also show significant deviations from controls but less severe than 
industrial workers.
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Discussion Trace element imbalance was also observed, 
This study demonstrates that chronic exposure to with zinc significantly depleted in industrial 
c e m e n t  d u s t  s i g n i f i c a n t l y  a f f e c t s  (68.3 ± 5.8 ìg/dL) and non-industrial workers 
haematological, inflammatory, oxidative, and (71.2 ± 6.0 ìg/dL) compared to controls (75.6 ± 
trace element parameters among block molders 6.3 ìg/dL, p=0.001), while calcium was elevated 
in Benin City, Nigeria. Both industrial and non- (industrial: 102.4 ± 9.2 ìg/dL, non-industrial: 
industrial workers exhibited measurable 98.7 ± 8.5 ìg/dL vs. control: 95.2 ± 8.1 ìg/dL, 
alterations compared to controls, with industrial p=0.001). Zinc deficiency may exacerbate 
workers showing the most pronounced changes, oxidative stress and compromise antioxidant 
highlighting a dose-response relationship enzyme function, while elevated calcium 
associated with exposure intensity and duration. suggests mineral dysregulation related to 

chronic inflammation or toxic exposure 
Haematological assessment revealed significant (López- Alonso et al.,2025; Aaseth et al.,2025).
reductions in red blood cell (RBC) counts 
(industrial: 4.78 ± 0.38 ×10¹²/L, non-industrial: Overall, the findings highlight a pathogenic 
4.92 ± 0.39 ×10¹²/L vs. control: 5.12 ± 0.41 cascade initiated by cement dust exposure, in 
×10¹²/L, p=0.001) and haemoglobin levels which oxidative stress and inflammation impair 
(industrial: 13.2 ± 1.0 g/dL, non-industrial: 13.8 haematopoiesis and disrupt trace element 
± 1.2 g/dL vs. control: 14.8 ± 1.1 g/dL, p=0.001), balance, resulting in anemia and systemic 
indicating anaemia among exposed workers. dysfunction (Owonikoko et al.,2022). Industrial 
These reductions are likely attributable to block molders exhibited more severe 
impaired erythropoiesis and increased red cell derangements than non-industrial molders, 
destruction induced by oxidative stress (Zhang et confirming that exposure intensity and duration 
al., 2022). Decreased total antioxidant status are critical determinants of health outcomes 
(TAS) in industrial (1.42 ± 0.18 mmol/L) and (Tavares et al.,2022). These results underscore 
non-industrial workers (1.58 ± 0.20 mmol/L) the urgent need for occupational health 
compared to controls (1.85 ± 0.22 mmol/L, interventions, including dust control, personal 
p=0.001) suggests that reactive oxygen species protective equipment use, and regular 
(ROS) generated from cement dust components monitoring of haematological, inflammatory, 
such as silica, chromium, and heavy metals and oxidative biomarkers to prevent long-term 
overwhelm endogenous antioxidant defenses, morbidity among exposed workers.
further contributing to red blood cell damage 
(Schaeffer et al., 2018; Ahmad et al.,2024). Conclusion

Chronic occupational exposure to cement dust 
Systemic inflammation was evident from elevated induces significant inflammation, oxidative 
erythrocyte sedimentation rate (ESR) (industrial: stress, and haematological changes that elevate 
8.7 ± 1.8 mm/hr, non-industrial: 7.4 ± 1.5 mm/hr health risks among block molders. Cement dust 
vs. control: 5.2 ± 1.1 mm/hr, p=0.001) and contains irritant constituents such as silica, 
interleukin-10 (IL-10) levels (industrial: 15.8 ± chromium, and other heavy metals which 
2.8 pg/mL, non-industrial: 14.2 ± 2.5 pg/mL vs. generate reactive oxygen species leading to 
control: 12.4 ± 2.1 pg/mL, p=0.001). IL-10 oxidative damage. This oxidative stress reduces 
elevation may reflect a regulatory anti- total antioxidant status and increases pro-
inflammatory response to persistent immune inflammatory cytokines like IL-10, triggering a 
activation triggered by cement dust inhalation, persistent inflammatory response evidenced by 
while elevated white blood cell counts (industrial: elevated ESR. Such inflammation and oxidative 
8.1 ± 1.4 ×10?/L, non-industrial: 7.6 ± 1.3 ×10?/L damage impair erythropoiesis and increase red 
vs. control: 6.8 ± 1.2 ×10?/L, p=0.001) indicate blood cell destruction, culminating in anemia 
ongoing inflammatory processes. These findings frequently observed in exposed workers. 
align with previous studies showing chronic dust Furthermore, trace element imbalances, 
exposure activates systemic immune responses especially zinc depletion and calcium elevation, 
(Anderson et al., 2020; Hedbrant et al., 2023). worsen immune function and disrupt metabolic 
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homeostasis. These findings align with studies Occupational cement dust exposure and 
g l o b a l l y  d e m o n s t r a t i n g  r e s p i r a t o r y  inflammatory nemesis: Bangladesh 
complications, systemic inflammation, and relevance. Journal of Inflammatory 
haematologic dysfunction in cement-exposed Research;14:2425-2444.
populations. The severity correlates with Ahmad, F., Haq, I., Sinha, A., Mehta, R., Kumar, 
exposure intensity and duration, with industrial V., Haque, N., et al. (2024). Impact of 
workers showing more pronounced effects. To occupational cement dust exposure on 
mitigate these adverse health outcomes, strict hematological health parameters: a cross-
occupational safety measures including dust sectional study. Cureus ;16(10):e72673.
control, personal protective equipment, routine Anderson, S.E., Shane, H.L., Long, C.M., 
health monitoring, and worker education are Marrocco, A.J., Lukomska, E., Roberts, J.R., 
urgently needed to protect vulnerable laborers et al. (2020). Biological effects of inhaled 
engaged in cement-related work. These hydraulic fracturing sand dust. VIII. 
strategies will reduce morbidity and improve Immunotoxicity. Toxicolology and Applied 
workers' overall wellbeing. Pharmacology;408:115256.

Capitão, F., Martins, C., Santos, M., Bicho, M., 
Recommendations Szigeti, T., Katsonouri, A., et al. (2022). 
Mandatory use of personal protective equipment Exposure to heavy metals and red blood cell 
and dust control systems, routine health parameters in children: a systematic review 
assessments including inflammation and of observational studies. Frontiers of 
oxidative stress markers and worker education Paediatrics;10:921239. 
programs on exposure risks should be Dubey, P., Thakur, V., Chattopadhyay, M. 
implemented. (2020). Role of minerals and trace elements 

in diabetes and insulin resistance. Nutrients; 
Contribution to Knowledge 12(6):1864.
The study elucidates inflammatory and oxidative Hedbrant, J., Engström, K., Andersson, J., Eklund, 
stress mechanisms underlying haematological A., Westberg, H., Persson, B., et al. (2023). 
impairments due to cement dust, informing Occupational quartz and particle exposure 
targeted occupational health strategies. affect systemic levels of inflammatory 

markers related to inflammasome activation 
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