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Abstract

Background and Objective: Inhalation of crystalline silica particles in the
workplace can lead to occupational diseases, such as silicosis. This study aims
to evaluate and compare airborne concentrations of crystalline silica and
respirable dust in the refractory brick industries in Isfahan province.
Materials and Methods: In this cross-sectional study, the airborne
concentrations of crystalline silica and respirable dust were measured among
79 workers from large industries and 30 workers from small refractory brick
industries over a three-year period. Personal sampling was conducted using
individual sampling pumps and cyclones. Data analysis was performed in SPSS
24 software using the Mann-Whitney U and Kruskal-Wallis tests.

Results: The results indicated that 65.1% of the samples exceeded the
occupational exposure limits, while 34.9% were below the limits. There was no
significant difference in the mean three-year airborne crystalline silica
concentration between the two occupational groups (P=0.791). However, a
significant difference was observed in the mean airborne respirable dust
concentrations between the groups (P=0.002).

Conclusion: The findings of this study suggest that the implementation of
safety, health, and environmental management systems has effectively
reduced airborne crystalline silica and respirable dust concentrations,
creating a safer work environment for employees.
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Extended Abstract

Background and Objective

Silica (SiO») exists in two crystalline and non-
crystalline forms. Its crystalline form is known as
a pollutant in the workplace, and workers who
inhale these particles are at risk of developing
lung cancer and silicosis. In 1997, the
International Agency for Research on Cancer
recognized silica as a carcinogen [1-7]. Silicosis
is asignificant occupational disease that can lead
to respiratory failure and death. One of the
objectives set by the World Health Organization
and the International Labor Organization is to
eliminate this disease by 2030. [8-10]. The
cumulative amount of crystalline silica is the
main cause of the spread of this disease, and
such activities as abrasive blasting and stone
cutting expose workers to silica dust [4, 6].
Workers are exposed to inhalable dust during
the stages of brick production. The study by
Rezazadeh Azari et al. (2015) showed that the
mechanization of the industry reduced
exposure to dust and the risk of lung cancer;
however, the risk remains high. Brent et al.'s
(2019) study demonstrated that the percentage
of workers exposed to crystalline silica varied in
different industries, and some were exposed to
more than 10times the recommended exposure
limit (REL) [10-12]. Brick factories in Iran,
especially in central and western provinces,
supply a significant portion of brick production
and are exposed to pollutants. This study aims to
evaluate and compare airborne concentrations
of crystalline silica and respirable dust in the
refractory brick industries in Isfahan province.

Materials and Methods

This study was conducted cross-sectionally and
observationally. The statistical population
consisted of large refractory brick industries in
Isfahan province with a Health, Safety, and
Environment (HSE) management system and
small industries without this system. The
statistical samples were selected using a census
sampling method in 2020, 2021, and 2023,
resulting in 79 individuals from large industries
and 30 from small industries, each of whom
provided one silica sample and one inhalable
dust sample. The total number of samples was
654, including 237 samples of crystalline silica
and 237 inhalable dust samples from large
industries, and 90 samples from small industries.
All the investigated employees were male, and
the job groups were divided into production
(workers and machine drivers) and non-
production (repairs, supervisors, experts, and
quality control). Duties included brick pressing
and cutting, equipment supervision and repair,
production planning, and quality control.
Airborne silica and inhalable dust
concentrations were evaluated based on the
NIOSH7602 and  NIOSH0600  methods.
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Individual sampling was done using the SKC-
universal standard pump with a flow rate of 1.7
liters per minute. The flow rate of the pump was
controlled with a calibrated rotameter. The
samples were taken from the breathing area of
the workers (a hemisphere with a diameter of 30
cm in front of the mouth and nose). A cyclone
with a 37 mm filter made of polyvinyl chloride
was used to separate the particles. Sampling was
done in an eight-hour shift, between 8:00 AM
and 12:00 PM, and the samples were transported
to the laboratory according to the standard
method and were recycled and prepared for
analysis based on the mentioned methods. The
samples were measured by a weighing scale,
and the inhalable dust concentration was
calculated in milligrams per cubic meter based
on the following formula:

_ (W2 —W1) x 1000

C
At X Q

where C is the concentration of inhalable dust,
W1 and W2 are the weight of the filter before
and after sampling, At is the duration, and Q is
the pump flow rate. Silica analysis was
performed using infrared spectrophotometry
and a calibration equation. The samples were
read in the highest peak absorption band
(wavelength  800m-") with a Perkin Elmer
Spectrum 100 device. The calibration curve was
used to measure quartz in unknown samples.
Statistical analysis was performed in SPSS24
software using Chi-square, Mann-Whitney U,
and Kruskal-Wallis tests.

Results

The Kolmogorov-Smirnov test indicated that the
three-year average concentration of crystalline
silica was not normally distributed (P<0.05). The
results showed that 65.1% of the samples were
higher and 34.9% were lower than the REL. In
2023, 34.9% of the samples fell below the REL,
while 65.1% exceeded it. In contrast, in 2021 and
2020, 56.9% and 51.4% of the samples were
below the REL, with 43.1% and 48.6% above it,
respectively. Data analysis for dust also revealed
that 25.7% of the samples were above the REL
and 74.3% were below, with standard deviations
of 1.918, 1.466, and 1.293 in the above years,
respectively. The results of a three-year
comparison of silica concentration in
production and non-production occupational
groups showed that 35.8% of production
workers and 33.3% of non-production workers
were below the REL, while 64.2% and 7.7 66%
were above the REL, respectively. Moreover,
64.2% of production workers and 90.5% of non-
production workers had dust concentrations
below the REL. The results of investigating the
concentration of airborne silica and inhalable
dust in occupational groups showed that there
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was no significant difference in  the
concentration of silica (P=0.921); however, there
was a significant difference in inhalable dust
(P=0.020). The three-year average concentration
of airborne crystalline silica showed that in small
industries, 33.3% of individuals were below and
66.7% were above the REL. In large industries,
35.4% were below, and 64.6% were above, with
no significant difference (P=0.836). For inhalable
dust, 46.7% of individuals in small industries
were below, and 53.3% were above the limit,
whereas in large industries, 84.8% were below
and 15.2% were above, showing a significant
difference (P=0.00004).

Discussion

This study evaluated and compared the
concentration of airborne crystalline silica and
inhalable dust in the refractory brick industries
in Isfahan province during three years in
production and non-production jobs. The
results showed that the concentration of
airborne crystalline silica in small factories
without an HSE management system was higher
than the REL (66.7%) in all three years. In large
industries with HSE, this concentration was
41.8% in 2020, while it decreased to 34.2% in 2021
and increased to 64.6% in 2023. This increase was
related to the type of soil and production
volume. In the study by Rezazadeh Azari, 97% of
workers in factories and 100% in traditional

workshops were exposed to crystalline silica
above the REL [11], which was consistent with
this study. In the present study, there was no
significant difference between the two groups
and the three-year average exposure to silica
(P=0.791). However, the results of a study by
Asari et al. demonstrated a statistically
significant difference in silica exposure in
different occupational groups (P=0.001). The
lack of access to some of the respiratory-related
information and the employment of
unauthorized workers were among the
limitations of this study.

Conclusion

The results of the study indicated that in large
industries with HSE management systems, the
airborne concentration of crystalline silica and
inhalable dust was significantly lower than that
in small and traditional industries that lack these
systems. This difference in concentrations is
linked to managerial supervision of the
production line, workshop discipline, as well as
the establishment and maintenance of
engineering systems, such as advanced
industrial ventilation, training, and culturization.
Therefore, it is recommended that industry
managers facilitate the hiring of HSE specialists
and implement their strategies to help decrease
the levels of airborne crystalline silica and total
dust in the workplace.
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