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Abstract

Background & Aims: The correlation between silicosis and elevated susceptibility to lung cancer, chronic obstructive pulmonary
disease, and autoimmune disorders is well-established. Hence, it is imperative to thoroughly analyze the potential health risks posed
by exposure to crystalline silica within the foundry industry. Therefore, the present study aimed to evaluate the mortality rate
associated with silicosis and lung cancer among workers in a foundry industry located in Urmia city in 2021.

Materials & Methods: The concentration of crystalline silica in the air was determined using Fourier transform infrared spectroscopy
(FTIR) in accordance with NIOSH 7602. Estimating the excess lifetime risk of mortality and rate of silicosis-related mortality was
performed using Rice et al. and Mannetje et al. models.

Results: The average concentration of crystalline silica in six occupational groups ranged from 0.029 to 0.064 mg.m™. Among the six
occupational groups studied, sand preparation workers were the most exposed to crystalline silica. According to the model of
Mannetje et al., the cumulative exposure of 87% of people exposed to crystalline silica is in the range of 0 to 0.99, which indicates
the death of one person per thousand people. Also, in this industry, the risk of dying from lung cancer was 15 per thousand people.
Conclusion: The findings indicate that the average concentration of crystalline silica in all occupational groups exceeded the
permissible occupational exposure limit of 0.025 mg.m™ recommended by the Occupational Health Committee of Iran. Additionally,
the estimated risk of death due to silicosis and lung cancer is also higher than the acceptable risk level. Therefore, the implementation
of control measures against exposure to silica is highly recommended.
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Introduction crystal polymorphs of silica, quartz is the most

Silica, SiO», is the predominant oxide compound in abundant type and is commonly found in a wide range
the Earth's crust, occurring in both crystalline and non- of rocks, particularly granites, sandstones, and sands
crystalline (amorphous) forms (1). Among the various (2). The crystalline structure of silica is significant due
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to its high stability, insolubility in water, and its
reaction with oxygen upon fracturing, leading to the
formation of fine dust particles. Consequently, the
presence of these reactive species on the crystal surface
largely contributes to the toxicity of inhaled crystalline
silica particles (3, 4).

Exposure to respirable crystalline silica leads to
harmful health effects, including silicosis, pulmonary
tuberculosis, chronic obstructive pulmonary disease
(COPD), lung cancer, autoimmune diseases, and
kidney diseases (5). Inhalation of silica particles causes
the development of pulmonary fibrosis, increasing the
long-term risk of lung cancer (6). In October 1996, the
International Agency for Research on Cancer (IARC)
classified crystalline silica as a human carcinogen
(group 1) (7). Silicosis, a common disease resulting
from inhalation exposure to crystalline silica, is a
fibrotic lung disease caused by the inhalation and
deposition of dust containing silica (8). In 1995, the
World Health Organization (WHO) the

International Labor Organization (ILO) initiated a

and

campaign to eliminate silicosis worldwide by 2030 (9).
According to the Global Burden of Disease (GBD)
study in 2017, there were an estimated 11,300 deaths
per year and 235,700 years of life lost due to silicosis
(10).

It is estimated that approximately 1.7 million
workers in the United States, 3.2 million people in
Europe, 23 million workers in China, and 3 million
workers in India are exposed to respirable crystalline
silica (11-14). The exposure to crystalline silica dust
poses a significant and crucial issue in foundry
industries, particularly in sand casting, which is the
most widely used casting method. Dust emissions,
specifically crystalline silica dust, are prevalent in most
production  processes  within  foundry units.
Consequently, the inhalation of these particles poses
significant health risks. These particles are commonly
generated and released during sand preparation,
molding, core making, melting and pouring, and
knockout. The primary source of crystal silica dust
emission occurs during the stages of sand preparation

and molding (15). Numerous studies conducted in
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foundry industries have consistently demonstrated that
foundry workers are exposed to higher levels of
respirable crystalline silica (16-19).

In recent years, risk assessment in the field of
occupational disease control has gained significant
attention. Occupational risk assessment is a method
used to estimate the health risks associated with
varying levels of hazards in the workplace. It is crucial
to determine the extent of health risks posed by hazards
in order to appropriately eliminate, control, and reduce
these risks (20). Mannetje et al. reported that the rate of
silicosis-related mortality per 1,000 persons exposed
increased almost linearly with cumulative exposure
(21). They categorized cumulative silica exposure into
different ranges, from 0 to 1.28 mg.m™ per year, and
reported the relative risk of silicosis-related mortality
ranging from 1 to 63 deaths per thousand exposures,
depending on the cumulative exposure range.
According to the guidelines set by Occupational Safety
and Health Administration (OSHA), the acceptable risk
level for silicosis is one case per thousand exposed
individuals (22). According to the model, the relative
risk of silicosis-related mortality, after 45 years of
exposure to 0.1 mgm?> of crystalline silica, was
reported to be approximately 13 cases per thousand
individuals up to the age of 65 (23). Rice et al.
presented an assessment of the risk of lung cancer
among workers exposed to crystalline silica using their
own model (24). They predicted an excess lifetime risk
of mortality from lung cancer based on 45 years of
exposure with a lag of 10 years. Their model indicates
that the excess lifetime risk, as per the current OSHA
standard for respirable crystalline silica exposure (0.05
mg.m?), is estimated to be 19 cases per thousand
individuals (25). The studies conducted in small
foundries in Pakdasht, Tehran, showed that the death
rate due to silicosis ranged from 1 to 13.7 cases per
thousand individuals, while the death rate due to lung
cancer ranged from 4 to 16 cases per thousand
individuals (26). Furthermore, research conducted in
the core making unit of a foundry industry revealed
that the death rate from silicosis ranged from 6 to 63

cases per thousand individuals, and the death rate from
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lung cancer was 65 cases per thousand individuals (27).
In developed countries, the incidence of silicosis is
decreasing due to improved working conditions and
dust control measures. However, in developing
countries, exposure to crystalline silica dust remains a
health (28).

understanding the exposure of workers to respirable

significant problem Therefore,
crystalline silica dust in workplace air is of utmost
importance to protect the health of workers. Based on
these considerations, this study aimed to determine the
level of workers' exposure to crystalline silica in
different job groups and assess the risk of mortality
from silicosis and lung cancer in a foundry located in

Urmia city.

Materials & Methods
Air

determination:

Sampling and crystalline silica

This study was a cross-sectional investigation that
focused on workers in a foundry factory located in
Urmia, Iran. The sample size was determined in
accordance with the NIOSH Occupational Exposure
Sampling Strategy Manual (29). According to this
guide, similar exposure groups (SEG) were determined
first. Then, the number of samples needed for each

SEG was determined. Based on the workers' tasks,

work processes, and pollutant emissions, the
researchers divided them into six SEGs: sand
preparation, melting and pouring, molding, core

making, knockout, and grinding operators. According
to the guideline, at least 15 samples of crystalline silica
were required for each group. In total, 90 samples (15
x 6 = 90) of crystalline silica were collected from the
workers' breathing zone.

To determine the level of exposure to crystalline
silica dust, NIOSH 7602 method (30) was utilized. Air
samples were collected from the workers' breathing
zone using personal sampling pumps (SKC Ltd,
Deluxe 224-PCMTX8, UK) connected to SKC plastic
cyclones (Model 225-69,SKC Inc) containing 25mm
polyvinyl chloride (PVC) filters with a 0.5-micron pore
size. Prior to use, the PVC filters were placed in a

desiccator for 24 hours to remove any moisture. The
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filters were then placed inside the plastic cyclones and
connected to the worker's collar. The pump operated at
a flow rate of 3 liters per minute and was calibrated by
an electronic calibrator (BIOS DryCal DC-Lite, US)
prior to each sampling. Sampling was carried out for 4
hours in the workplace.

The Fourier transform infrared technique was
employed to quantify the concentration of crystalline
silica in the air samples. Initially, each filter was put
into a pristine porcelain crucible and subjected to
ashing at 800°C in an oven for a duration of 2 hours.
Subsequently, the resultant ash was blended with 300
mg of potassium bromide (KBr) (Sigma-Aldrich,
Germany) to achieve homogeneity. This uniform
mixture was then introduced into 13 mm metal molds
and pressed using a press machine at a pressure of 20
MPa for 2 minutes to form tablets. The prepared tablets
were scanned in a FTIR (WQF-510A, Rayleigh, China)
in the wavenumber range of 400-4000 ¢cm! and in the
region of 710-825 cm’! to determine the crystalline
silica. Using the absorbance values in the calibration
curve formula, obtained from the standard samples, the
amounts of crystalline silica in the desired samples

were calculated.

Risk assessment:

In this study, the risk of mortality due to silicosis
was estimated using the model developed by Mannetje
et al. based on the cumulative exposure of workers to
crystalline silica over a 10-year period (31). The model
takes into account cumulative exposure levels ranging
from 0 to 0.99 mg.m3 per year to more than 28.1
mg.m3 per year. To evaluate the risk of death due to
silicosis, the cumulative exposure of each worker was
calculated and then inserted into the model. In addition,
the risk of mortality due to lung cancer for workers
exposed to crystalline silica was calculated using the
linear regression model developed by Rice et al.,
assuming 45 years of exposure. The equation used for

this calculation was as follows (24, 25):

A=0.77+373.69 X GM

A: risk of death from lung cancer
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GM:

concentration

geometric mean of crystalline silica
In order to calculate descriptive statistics and
analytical statistics, SPSS software (version 16) was

used.

Results

The level of exposure to crystalline silica varies
significantly among different tasks of foundry work
(Table 1). Sand preparation workers had the highest
exposure to crystalline silica, with an average of 0.064

(= 0.042) mg.m?3, which is more than twice the

recommended limit. In contrast, melting and pouring
workers had the lowest exposure to crystalline silica,
with an average concentration of 0.029 (= 0.012)
mg.m?3, which is slightly above the recommended
limit. The average exposure for all job groups of
foundry workers, 0.046 (+ 0.043), was higher than the
recommended limit of 0.025 mg.m3 set by the Iranian
health

Conference of Governmental Industrial Hygienists

occupational committee and American
(ACGIH). This indicates a potential risk of developing
health problems related to crystalline silica exposure

for workers in this industry (Table 1).

Table 1. Respirable crystalline silica dust in foundry job groups

Job groups C (mgm?)
AM * SD*® GM ¢ GSD ¢ Min Max
Sand preparation 0.064 0.042 0.053 1.906 0.018 0.167
Molding 0.058 0.088 0.038 2.110 0.017 0.370
Core making 0.046 0.019 0.043 1.496 0.023 0.092
Melting and pouring 0.029 0.012 0.028 1.479 0.013 0.050
Knockout 0.042 0.021 0.037 1.632 0.017 0.089
Grinding 0.037 0.018 0.033 1.629 0.014 0.074

2 arithmetic mean,  standard deviation, ¢ geometric mean, ¢ geometric standard deviation

Table 2 presents the findings of the mortality risk
associated with silicosis in the foundry industry, using

the application of Mannetje et al.'s model. The analysis

reveals that the highest relative risk is in cumulative
exposure of 0 to 0.99 mg.m? per year, resulting in a

risk estimate of 87 cases per 1000 individuals.

Table 2. Risk of mortality caused by silicosis among foundry workers, based on Mannetje et al. model.

Relative risk of silicosis-related

Cumulative exposure

mortality according to Mannetje et al.

Number of worker

model No. (%)

0-0.99 1 87 (96.7)
0.99-1.97 34 2(22)
1.97-2.87 62 0 (0)
2.87-433 9.4 1(1.1)
4.33-7.12 13.7 0(0)
7.12-9.58 22.6 0(0)
9.58-13.21 24 0 (0)
13.21 - 15.89 40.2 0(0)
15.89 - 28.1 25.1 0(0)
>28.1 63.6 0 (0)

Table 3 presents the results of mortality risk
associated with lung cancer in foundry workers,

determined by the Rice et al.'s model. According to
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Table 3, the estimated mortality risk for lung cancer is

15 cases per 1000 individuals (ranged from 11 to 21)

within the exposure range of 0.029-0.064 mg.m.
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Table 3. Risk of mortality caused by lung cancer among the foundry workers based on Rice model.

The excess lifetime risk of

Job groups Number of air samples Geometric mean (mg.m) A N AT (D T s
Sand preparation 15 0.053 21
Molding 15 0.038 15
Core making 15 0.043 17
Melting and pouring 15 0.028 11
Knockout 15 0.037 15
Grinding 15 0.033 13
Total 90 0.038 15

Discussion and conclusion

The current investigation aimed to explore the level
of occupational exposure to crystalline silica dust
among workers in a foundry industry and to assess the
associated risk of lung cancer and silicosis mortality.
The
observed in this study was nearly twice as high as the
established standards defined by Iran and ACGIH.
These results are in line with a prior study conducted
by which the

occupational exposure to general dust and crystalline

average concentration of crystalline silica

Omidiandost et al., evaluated
silica dust in the foundries of Pakdasht city in Tehran,
Iran. Their study also demonstrated higher levels of
the

occupational standards set by the Occupational Health

exposure to crystalline silica compared to
Committee of Iran and ACGIH, further corroborating
the findings of the present investigation (18). Azari et
al. (25) and Mohammadian et al. (32) determined the
exposure to crystalline silica among workers in various
industries, including the foundry industry. They
reported an average silica exposure of 0.034 mg.n? for
foundry industry workers. In agreement with the
present study the level of exposure exceeds the
the

occupational exposure limit and ACGIH threshold

permissible limit recommended by Iranian
limit value (25, 32). Furthermore, Andersson et al.
evaluated the levels of occupational exposure to
respirable dust and quartz in 11 iron foundries located

in Sweden. The results of respirable quartz indicated

that 23% of all measurements exceeded the
occupational exposure limit set by the European Union
(EU-OEL = 0.05 mgm?3), and 56% of all

measurements surpassed the ACGIH standard (16).
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The level of exposure to crystalline silica in
occupational groups in the foundry plant was ranked as
follows: sand preparation workers > molding workers
> core making workers > melting and pouring workers
> knockout workers. These findings were in line with
which

demonstrated the higher exposure of foundry workers

the findings reported by Ayalp et al,
to silica, specifically in sand preparation, molding, and
shakeout (33). Similarly, Tong et al.'s study indicated
that workers were exposed to crystalline silica during
various processes, namely melting, cast shakeout and
finishing, sand preparation, molding, and core making
in descending order (34). The variations in the levels of
crystalline silica exposure among foundry workers
across the globe can be attributed to several disparate
These the

availability and efficacy of industrial hygiene control

factors. may include differences in
measures, the work practices of workers, the level of
workplace housekeeping, and variations in study
methodologies.

Considering the limitations of comparing workers'
health

comprehensive understanding of their health status, the

exposure to standards in providing a
present study adopts risk assessment methods to
evaluate the incidence of silicosis and lung cancer.
Utilizing the Mannetje model and a classification
system based on cumulative exposure to crystalline
silica, the study estimates a mortality rate for silicosis
ranging from 6 to 63 cases per thousand individuals. It
is worth noting that the acceptable risk level for
silicosis, as per OSHA standards, is set at one case per
thousand individuals.
reveals that 97.7% of the workers fall within the

while 3.3% the

Consequently, the analysis

acceptable risk range, exceed
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acceptable threshold, signifying an unacceptable risk
level. In a prospective study encompassing 3010
Chinese workers, a real risk assessment regarding
silicosis demonstrates that 33.7% of the workers
exhibit symptoms of the disease. Among these affected
69%

cumulatively exposed to a concentration of 5.4 mg.m-3

individuals,  approximately have  been
of crystalline silica dust. It is noteworthy that the
calculated risks from the Chinese study surpass those
observed in the present study (35).

In general, the risk assessment model employed in
this study for estimating mortality risk associated with
silicosis may result in lower risk estimates compared to
previous prospective studies (25). Utilizing the model
proposed by Rice et al., the risk of death from lung
cancer was determined to range from 11 to 21 cases per
thousand individuals exposed to crystalline silica.
According to the linear regression analysis of this
model, the frequency of lung cancer mortality risk from
45 years of exposure to 0.05 mg.m-> of crystalline
silica (the previous threshold value recommended by
ACGIH) is estimated at 19 cases per thousand
ACGIH has this

threshold value to 0.025 mg.m-3, thereby reducing the

individuals. Recently, revised
risk of death from lung cancer to 10 cases per thousand
individuals (36). However, it should be noted that this
level of crystalline silica exposure may not ensure the
desired level of safety for achieving an acceptable risk
level of one case per thousand exposed individuals (22,
37).

In the studies conducted within the small foundries
of Pakdasht city in Tehran, the mortality rate attributed
to silicosis was estimated to range from 1 to 13.7 cases
per thousand individuals. Additionally, the mortality
rate associated with lung cancer was estimated to range
from 4 to 16 cases per thousand individuals (26).
Furthermore, a study conducted by Zarei et al. in the
core-making unit of a foundry industry revealed that
the mortality rate resulting from silicosis ranged from 6
to 63 cases per thousand individuals, while the
mortality rate associated with lung cancer was reported
to be 65 cases per thousand people (27). These findings

indicate higher mortality rates for both silicosis and
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lung cancer compared to the present study. These
disparities in results could potentially be due to
variations in sample size and levels of exposure to
crystalline silica across the studies. In accordance with
the principle of acceptable lifetime risk, defined as one
person per thousand individuals exposed to crystalline
silica, the risk assessment conducted in the present
study indicate a substantial level of risk for foundry
workers. This heightened risk carries the potential for
significant compensation payments to be incurred by
employers and the country's insurance system.

Hence, to effectively prevent and control the
exposure to crystalline silica dust within the foundry
setting, a combination of engineering controls (e.g.,
employing ventilation systems and wet methods),

utilization of personal protective equipment (e.g.,

wearing protective masks), implementation of
administrative  controls, emphasis on  good
housekeeping practices, comprehensive training

programs, and adoption of improved work practices
can be employed (38). This study is subject to certain
limitations, notably the relatively small number of
sampling sites and the absence of an investigation into
the association between smoking and the development
of silicosis and lung cancer. It is strongly
recommended that future research be conducted within
larger-scale foundries to address these limitations and
obtain more robust findings.
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