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Abstract

Background and Objective: Occupational exposure to Respirable Crystalline
Silica (RCS) and respirable dust in the cement industry increases the risk of
respiratory diseases, including Chronic Obstructive Pulmonary Disease
(COPD). This study aimed to evaluate the effects of these pollutants on
spirometric indices and respiratory health among cement factory workers in
Urmia, Iran.

Materials and Methods: This study was conducted on 375 workers over a four-
year period. Spirometric data, including Forced Expiratory Volume in one
second (FEV)), Forced Vital Capacity (FVC), and FEV/FVC ratio, were collected
in two two-year periods and analyzed using statistical tests.

Results: The results indicated that prolonged exposure to RCS and inhalable
dust led to significant reductions in FEV; and FVC, as well as the emergence of
restrictive lung disorders, particularly among workers who are working in
production and maintenance occupational groups. Additionally, individual
factors, such as BMI and smoking were significantly associated with decreased
pulmonary function. Smoking was identified as the most critical factor
influencing the development of COPD patterns.

Conclusion: In this study, smoking was identified as the most significant factor
influencing COPD patterns among cement industry workers. Additionally, the
findings indicate that prolonged exposure to respirable dust and crystalline
silica in the workplace, particularly in the cement industry, leads to a
significant decline in pulmonary function indices, such as FEV1 and FVC,
contributing to a restrictive impairment pattern.
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function tests, Silica, Smoking
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Extended Abstract

Background and Objective

Occupational exposure to airborne contaminants,
including respirable crystalline silica (RCS) and
respirable dust, has long been recognized as a critical
occupational health concern in industrial settings. In
industries, such as cement manufacturing, where
production processes inherently generate high levels of
dust and silica particles, workers face a substantially
elevated risk for developing serious pulmonary
complications. The present study was designed to
evaluate the long-term impacts of exposure to
respirable dust and RCS on pulmonary function among
employees at the Urmia Grey Cement Factory over a
four-year period. By comparing exposure levels and
lung function indices across different occupational
groups within the factory, assessing longitudinal
changes in key spirometric parameters, and identifying
major risk factors (i.e., cigarette smoking), this
investigation aims to address significant gaps in the
existing literature. The study further explores the
association between chronic exposure and the gradual
deterioration in lung capacities, offering critical
insights into occupational health practices and
preventive interventions.

Materials and Methods

An extensive retrospective analysis was conducted on
a total of 375 employees working at the Urmia Grey
Cement Factory, Urmia, Iran. The study population
was stratified into several occupational categories,
including production (n=120), installations (n=130),
administrative staff (n=80), and other support roles
(n=45). Demographic evaluation revealed a mean+SD
age of 41.446.0 years, and the age range of 57.6% of
participants was 35-44 year. Anthropometric
measurements indicated an average height of 176.4
centimeters, an average weight of 85.6 kilograms, and
a mean body mass index (BMI) of 24.2 kg/m?, with
production workers presenting a significantly lower
mean BMI of 23.4 kg/m? along with a younger age
profile, compared to other groups (P<0.05). To
accurately quantify occupational exposure, 337 dust
samples were systematically collected from various
factory sectors. Samples were drawn from both
production areas, including loading bays, cement mills,
kilns, preheaters, raw material mills, dust halls, and
crushing facilities, as well as non-production areas,
such as offices, warehouses, transportation zones,
laboratories, maintenance workshop, and mines.
Established NIOSH methods (7601, 7602, and 7500 for
inhalable dust, and 0500 for respirable dust) were
employed to capture seasonal and spatial variations in
dust concentrations. Precision instruments, including
portable SKC sampling pumps with a flow rate of 2.2
L/min, plastic cyclones (SKC Cyclone Dewel), and
PVC membrane filters (37 mm diameter, 2 pm pore
size), were used to sample airborne particles from the
workers’ breathing zones. Filters were conditioned in a
desiccator for 24 hours prior to weighing on a precision
balance with an accuracy of 1 microgram. Strict
quality-control protocols were followed, including the
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use of a soap bubble flowmeter for calibration and
independent data verification by two research teams.

Results

Analysis of the spirometric data revealed significant
declines in pulmonary function over the four-year study
period. Overall, the mean forced expiratory volume in
the first second (FEV) decreased from 4.0 liters at
baseline to 3.9 liters following prolonged exposure,
while the mean forced vital capacity (FVC) declined
from 4.7 liters to 4.5 liters. These reductions were
statistically significant (P<0.001) and were most
pronounced among workers in the production and
installations settings. Notably, although both FEV; and
FVC diminished, the FEV/FVC ratio remained largely
unchanged (P=0.709), indicating that the primary
impairment was a restrictive pattern, characterized by
reduced total lung capacity rather than an increase in
airway resistance typical of obstructive lung disease.
Additionally, the percent predicted values for FEV; and
FVC also demonstrated significant decreases over time,
further reinforcing the detrimental impact of chronic
exposure to respirable dust and crystalline silica on
pulmonary capacity. Incidence analysis using
McNemar’s test identified the emergence of new
pulmonary impairment patterns, with 2.9% of subjects
developing obstructive patterns, an equal percentage
presenting with restrictive patterns, and 1.9% showing
mixed impairment after exposure. Logistic regression
analysis determined that cigarette smoking was a
critical individual risk factor, with smokers exhibiting
an odds ratio of approximately 5.056 (P=0.023) for
developing obstructive impairment, compared to non-
smokers. Other factors, including age, BMI, mean dust
concentration, and job category, were not statistically
significant in predicting pulmonary impairment,
suggesting that smoking independently exacerbates the
adverse effects of occupational dust exposure. The
results of this study are consistent with prior research
conducted in mining, construction, and cement
production environments, which have demonstrated
that chronic exposure to respirable crystalline silica and
related dust particles contributes to significant declines
in lung function. These findings highlight the
cumulative impact of environmental pollutants on
respiratory health and support the implementation of
rigorous occupational health policies and preventive
strategies.

Discussion

These comprehensive findings indicate that long-
term occupational exposure to respirable dust and
crystalline  silica  significantly = compromises
pulmonary function, predominantly through a
restrictive pattern of impairment. The observed
reductions in key spirometric indices, namely FEV,
and FVC, reflect a decrease in overall lung capacity
that is accentuated in high-exposure groups, such as
production and installation workers. Although the
FEV//FVC ratio remained stable, suggesting minimal
changes in airway resistance, the cumulative effect of
chronic exposure poses a substantial health risk for
industrial workers.
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Conclusion

Moreover, the identification of cigarette smoking as an
independent risk factor with a markedly elevated odds
ratio reinforces the need for integrated health
promotion initiatives that address both environmental
and personal risk determinants. Our study underscores
the critical importance of implementing engineering
controls, such as improved ventilation systems and
effective dust suppression techniques, alongside
administrative measures, including regular health
surveillance and targeted smoking cessation programs.
These interventions have the potential to mitigate
exposure risks and preserve lung function among
vulnerable populations. Additionally, the present
research provides valuable insights for policymakers

and occupational health professionals, highlighting the
necessity for stringent regulatory standards and
proactive prevention strategies in high-risk industries.
Future investigations should focus on exploring the
interaction  between  various individual and
environmental factors, thereby offering a more detailed
understanding of the underlying mechanisms and
facilitating the development of comprehensive risk
reduction frameworks. Furthermore, our findings
emphasize that immediate action is warranted to
safeguard workers’ health in high-exposure settings,
and training on occupational hazards must be integrated
into workforce programs to ensure lasting
improvements.
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