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Abstract

Background and Objective: Exposure to respirable crystalline silica (RCS) causes
silicosis, lung cancer, autoimmune diseases of rheumatoid arthritis or systemic
scleroderma, and benign respiratory system diseases. The risk assessment has an
important scientific role in the control of occupational diseases by estimating the risk of
death and determining the dose-response relationship. The present study aimed to
evaluate the health risks of occupational exposure to RCS in workers in silica crushing,
ceramics, foundry, and cement industrial sectors in Hamadan, Iran.

Materials and Methods: In this cross-sectional study, occupational exposure to RCS was
investigated in 15 job titles. The potential lifetime cancer risk (LCR) was calculated by
considering some factors, such as work experience, duration and frequency of exposure,
lifetime and the reference rate of inhalation exposure, and the risk coefficient (hazard
quotient: HQ), using the Olawoyin model.

Results: The lowest levels of LCR (approximately 8 cases per 1.000.000 workers) and HQ
(0.093) were obtained in the job title of Furnace (L) in the foundry, and the highest levels
of LCR (approximately 2 cases per 1000 workers) and HQ (26.41) were observed in the job
title of Supervisor (D) in silica crushing. The HQ levels in nine job titles were higher than
the recommended allowable levels, while in other job titles, they were lower. Moreover, the
results indicated a direct relationship between LCR and HQ levels in the studied job titles.
Conclusion: Considering the important and influential role of the parameters used to
evaluate LCR and the possibility of HQ determination by the Olawoyin model, it is
recommended that this model be employed to evaluate health risks in occupational
exposure to RCS in future studies.
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Extended Abstract

Background and Objective

“Silica” refers to minerals with the chemical
composition of silicon dioxide (SiO2), which is the
most abundant mineral in the earth's crust [1]. Many
workers are exposed to Respirable Crystalline Silica
(RCS) in industries, such as rock processing containing
silica, clay and bricks, foundry, as well as ceramics and
cement production [4]. Studies have shown that current
silica exposure standard values are not sufficient to
protect and prevent chronic silicosis in workers. Silica
has many effects on human health. Exposure to RCS
causes silicosis, bronchial or lung cancer, autoimmune
diseases, such as rheumatoid arthritis or systemic
scleroderma, and benign respiratory diseases [6-8]. In
addition to risk assessment, the identification of the
toxicity or side effects of exposure to chemicals is of
significant importance in the control of occupational
diseases by estimating the risk of death due to exposure
using the dose-response (effect) relationship [1]. The
Olawoyin's risk assessment model calculates the
permissible limits and considers factors, such as work
experience, duration and frequency of exposure,
lifetime and inhalation exposure reference. This model
also utilizes the dust concentration during the
employment period [2]. Accordingly, since no study
has been conducted on the risk assessment of exposure
to RCS, the present study was conducted to evaluate the
health risks of occupational exposure to RCS among
the workers working at silica crushing, foundry,
cement, and ceramic industries in Hamadan, Iran using
the Olawoyin model.

Materials and Methods

This  cross-sectional  study investigated the
occupational exposure to RCS in 15 job titles in such
industries as silica crushing, foundry, ceramics, and
cement in  Hamadan, Iran.  Demographic
characteristics of the workers (e.g., age, level of
education, type of industry, job duties, work
experience, as well as exposure duration and
frequency) were recorded using a questionnaire. The
inclusion criterion was the obtainment of at least one
year of exposure to RCS. Three air samples were
collected from the respiratory zone of workers of
different job titles in the studied industries using an
individual sampling pump with a flow rate of 2.5 liters
per minute, an aluminum cyclone, and a 37-mm
polyvinyl chloride filter with a pore size of 0.5 pm
during the work shift [4]. Following that, the potential
lifetime cancer risk (LCR) was calculated by
considering some factors, such as work experience,
exposure duration and frequency, lifetime and the
reference rate of inhalation exposure, and the risk
coefficient (hazard quotient: HQ), using the Olawoyin
model.

Results

According to the results, all participants in the study
were male with a mean age and work experience of
38+7.098 and 10.08+4 years, respectively. In this
study, the amount of individual exposure to RCS was
investigated in 15 job titles in four industries. The mean

amount of exposure to RCS was observed in silica
crushing, ceramics, foundry, and cement production in
descending order. The highest and lowest individual
exposure levels in terms of total weight average (TWA)
are respectively noticed in the job titles of supervisor
(silica crushing, 5.66 mg/m®) and furnace operator
(foundry, 0.02 mg/m®). Moreover, the highest and
lowest individual exposure in terms of geometric mean
(GM) was observed in the titles of supervisor (4.28
mg/m®) and furnace operator (0.02 mg/md),
respectively. According to the results of LCR and HQ
level estimation using the Olawoyin model, the lowest
levels of LCR (approximately 8 cases per 1.000
workers) and HQ (0.093) were found in the furnace
(foundry) and the highest levels of LCR (approximately
2 cases per 1.000 workers) and HQ (26/41) was
observed in the supervisor (silica crushing) titles.
Furthermore, the HQ levels of such job titles as
working in the open field, welder, supervisor, and
driver (silica crushing), milling (cement industry), the
casting and shot blasting (foundry), as well as casting
and finishing (ceramic industry) exceed the
recommended permissible levels; however, it was less
than the permitted levels in other job titles. The results
also indicated a direct relationship between HQ levels
and LCR levels in the studied job titles.

Discussion

The results of the individual exposure estimation to
silica showed that the concentration of RCS in all job
titles was higher than the occupational limits
recommended by the revision committee of the
permissible limits of the country (0.025 mg/m3). A
study by Aghilinejad et al. was conducted on 27
industries in silica crushing in Azandarian, Malayer.
The results showed that even several months of
exposure to high concentrations of RCS in this industry
can cause silicosis in workers [15]. In the present study,
the range of individual exposure to RCS in job titles of
silica crushing industry in Azandarian was found to be
0.5-19.66 mg/m3. This finding is relatively consistent
with the results of studies by Pourmohammadi et al.
(2021) and Bahrami et al. Several studies have been
conducted to determine the risk of lung cancer
mortality due to exposure to RCS using the Rice model
[3, 12, 14, 22]. Omidiandoost et al. (2010) investigated
the risk of mortality due to lung cancer in small
foundries in Pakdasht. In the same vein, the results of
the studies illustrate that in the Rice model, risk levels
can be calculated only by using GM values, and with
the increase of GM, the predicted risk levels increase.
However, as shown in the present study, the evaluation
of LCR levels in the Olawoyin model requires access
to various parameters, such as lifetime cumulative
silica dust exposure concentration, reference exposure
value, total occupation exposure in terms of TWA,
work experience, exposure frequency, worker life span
of 70 years, and exposure duration [2]. Therefore,
according to the change of the mentioned parameters in
different industrial fields, the estimation of risk levels
in the Olawoyin model will have less uncertainty.
Therefore, since no study has been conducted on the
risk assessment of exposure to RCS using the Olawoyin
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model, the present study emphasizes the assessment of
the health risks of exposure to RCS in different
occupational fields using the mentioned model.

Conclusion

In the present study, the individual exposure to RCS in
all the studied job titles was higher than the
occupational limits recommended by the revision
committee of the country's permissible limits.
Therefore, considering that the non-cancerous effects
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caused by exposure to RCS show a similar trend to the
lifetime cancer risk, it is of great importance to
determine the potential effects of RCS by evaluating
HQ levels, especially when HQ is>1. Furthermore,
considering the important and influential role of the
parameters used to evaluate LCR levels and also the
possibility of evaluating HQ in the Olawoyin model, it
is recommended to use this model to evaluate health
risks in jobs having exposure to RCS in future studies.
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