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Abstract

Background: The term crystallized silica refers to the crystallized form of Sioz and quartz, the most frequency com-
position in the earth’s crust that can cause silicosis and lung cancer through occupational exposure and inhalation of
its large quantities.

Methods: Occupational exposure of workers in Pakdasht, Iran, in 2011 was investigated in four different casting pro-
cesses in small foundries with less than 10 workers. Sampling respirable dust was collected on MCE filter, using HD
cyclone at a flow rate of 2.2 lit/min. The filtets were analyzed for dust using NIOSH Method 7601. Gravimettic and
visible absorption spectrophotometer was used to determine amounts of inhalable dust and free silica, respectively.
Risk assessment techniques were also used to predict silicosis and lung cancer.

Results: Geometric means of occupational exposute to crystalline silica in 4 different casting processes were studied
within the range of 0.009-0.04 mg/m3. Mortality rate due to silicosis was in the range of 1-13.7 per 1000 petrsons ex-
posed. Risk of mortality due to lung cancer in exposed workers in small casting workshops in Pakdasht, Iran ranged 4-
16 per 1000 persons exposed based on geometric mean and 45 years of exposure. According to risk assessment, mor-
tality due to silicosis, cumulative exposure of 96% of population was at an acceptable level of 1/1000.

Conclusion: Fifty percent of workers were exposed to crystalline silica dust in excess of Recommended Exposure
Limit -NIOSH and Threshold Limit Value ACGIH (0.025 mg/m?3). Several cases of silicosis and lung cancer ate antic-
ipated for this occupational group in near future.
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Introduction

“Silica is a chemical term for silicon dioxide
(8102). Silica can crystallize as one of at least eight
polymorphs (a-quartz, P-quartz, cristobalite, tri-
dymite, stishovite, coesite, moganite, and keatite),
each of which occurs in nature. In addition, silica
can occur in noncrystalline forms, and several
amorphous materials” (1). “Numerous studies
have demonstrated that samples of quartz can be
biologically active, and under some conditions
exposure to quartz appears to result in fibrosis or
tumors or both” (1). Silica is a mineral, composed
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of one atom of silicon and two atoms of oxygen
(Sio,), with melting point of 1600 °C; it is an odor-
less, colorless, non-combustible solid (2).

Crystalline silica is used in many industries includ-
ing cement production, glass, concrete products,
ceramic, clay soil (clay and bricks), casting, sand-
blast, abrasives, pottery, porcelain, and many con-
struction activities (3, 4). Silica dust is considered
an inhalation risk. Considering improved working
conditions and dust control in developed coun-
tries, incidence rate of silicosis is decreasing in
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these countries (5). However, in developing coun-
tries, contact with dust is still an important health
hazard National Institute for Occupational Safety
and Health (NIOSH) estimates that at least 1.7
million American workers are potentially exposed
to inhalable crystalline silica (6). Silicosis is the
most important work-related lung disease, result-
ing from constant inhalation of crystalline silica-
containing dust, in which lung tissue is damaged,
thereby reducing the capacity for oxygen intake (2,
7). Silicosis is usually a pulmonary nodular fibrosis,
and is primarily associated with exposure to inhal-
able crystalline silica. Despite reduced silicosis-
related mortality rate in the past few decades, an-
nually 300 silicosis-related deaths still occur in
America (8). Depending on the amount of expo-
sure to crystalline silica, every worker may have
one of the three types of silicosis: acute, chronic,
and accelerated (9). Reports on exposure to free
silica in casting industry indicate the incidence of
exposure to quartz. Recently, International Agency
for Research on Cancer (IARC) conducted an epi-
demiological review study on lung cancer and oc-
cupational exposure to crystalline silica, and intro-
duced silica in the form of quartz and cristobalite as
group 1 carcinogenic humans (2, 16).

Risk assessment is one of the latest toxicology
methods that express risk of harm to the popula-
tion exposed through scientific data obtained on
hazardous properties of toxic agents and the
amount of exposure. This scientific process at-
tempts to identify and estimate real risks. It is in
fact the result of assessment of potential risk of
toxic substances, dose-response relationship (ef-
fects) and risk characteristics, which is the same as
management of rational risk statement (10). Man-
netje et al,, as the pioneers in risk assessment of
exposure to crystalline silica reported that risk of
silicosis-related deaths per 1000 people exposed,
in relation to cumulative exposure, is continuously
increasing. They classified cumulative exposure in
various ranges from 0 to 28.1 mg/ m’- year, and
reported the risk of silicosis-related death in dif-
ferent cumulative exposures between 1 and 63 per
1000 exposures (11). Lately, using Mannetje et al.
model, risk of silicosis-related deaths, up to the
age of 05 years and 45 years of crystalline silica
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exposure in the range of 0.1 mg/m’ (common
standard in some countries) was reported at 13
per 1000 persons exposed (12). Rice et al. pre-
sented risk assessment of lung cancer in workers
exposed to crystalline silica, and anticipated life-
long risk of mortality due to lung cancer, assuming
45 years continuous work history and 10-year in-
terval (13). According to this model, constant life-
long risk of inhalable crystalline silica within the
proposed standard range of American Conference
of Governmental Industrial Hygienists ACGIH
(0.05 mg/m’ was 19 per 1000. In the United
States, prevention and elimination of silicosis is a
major priority for the American Lung Association
and other legal institutions, and as a result, in the last
decade, silicosis-related mortality has reduced (14).
Due to lack of information about exposure concen-
tration to crystalline silica among Iranian workers,
this study aims to obtain exposure concentration
and risk assessment management in workers of
small casting foundries exposed to free silica.

This study was conducted in Pakdasht (East Teh-
ran), Iran for the first time, in various small
foundries (Cast iron, brass, aluminum, and alloys)
with less than 10 workers, in 2011, the so-called
forgotten industries.

Materials and Methods

In this study, occupational exposure of workers in
2011 was investigated in 4 different casting pro-
cesses (Cast iron, brass, aluminum, and alloys) in
small foundries with less than 10 wotkers, with a
history of exposure to crystalline silica in Pakdasht
Iran. Twenty-nine small casting foundries were
randomly selected, and 80 workers were studied.
From each workshop, 2 to 4 workers from various
units were selected to monitor exposure to crystal-
line silica dust. The filters were analyzed for dust
using NIOSH Method 7601. Gravimetric and visi-
ble absorption spectrophotometer at wavelength
of 420 nm was used, which has an acceptable ri-
gor for analysis of samples, to determine the
amount of free silica (quartz) in dust samples. In
this method, air sampling devices including per-
sonal sampler pump Model SKC Inc. (TX 44-224)
at a flow rate of 2.2 1/min and volume of 400 li-
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ters, HD cyclone and mixed cellulose ester (MC E)
filter, 37-mm, 0.8- um, were used to sampling res-
pirable dust. The amount of quartz was deter-
mined in mg/m’ (15). Data obtained from meas-
urements were analyzed with SPSS version 16
software, using student's #test and one-way analy-
sis of variances ANOVA. P-value< 0.05 was con-
sidered statistically significant. Silicosis-related
mortality risk assessment was estimated according
to Mannetje model (11). In this model, cumulative
exposure in mg/m’year {normal exposure
(mg/m’)xduration of exposure (years)} in the
range: (0.00-0.99) —(0.99-1.97) —(1.97-2.87) —(2.87-
4.33) —(4.33-7.12) —(7.12-9.58) —(9.58-13.21) —
(13.21-15.89) —(15.89-28.1) and greater than 28.1
mg/m’-year, was associated with relative risk of
mortality due to silicosis in the range: 1-3.39 —
6.22 -9.40 -13.69 -22.64 -23.97 -40.25 -52.11 and
63.63, respectively'’. Risk assessment frequency
of long-term risks of mortality associated with
crystalline silica was calculated using relative linear
regression model (13). Data were analyzed accord-
ing to linear regression model, as follows: Relative
excess rate of mortality (A)=0.77+373.69* geomet-
ric mean (GM)exposure, assuming 45 years continu-
ous work history and a 10-yr interval in incidence of
disease after 45 years of exposure.

Results

Eighty workers from 29 workshops with 4 differ-
ent processes were studied. Study subjects mainly
worked more than 8 h per day, and 6 days per wk.
Thirty-five workers (43%) were in the age range
15-25 years, 29 (36%) had less than one year’s
work experience, and 42 (52%) had work experi-
ence of 1-10 years. Fifty percent of workers were
exposed to crystalline silica dust in excess of Rec-
ommended Exposure Limit -NIOSH and Thresh-
old Limit Value ACGIH (0.025 mg/m?’"™ .
Workers’ exposure to crystalline silica dust in 4
different casting processes was in the range 0.001
to 0.36 mg/m’ (Table 1).

Different casting processes had different amounts
of exposure to crystalline silica, from the most to
least: brass, Cast iron, alloys (composed of the
other three processes) and aluminum, respectively.
Cumulative exposure of all exposed workers in
different casting processes was performed accord-
ing to classified Mannetje model for cumulative
exposure in different ranges. Table 2 presents per-
centage of exposed population in different expo-
sure groups.

Table 1: Arithmetic and geometric mean of crystalline silica in vatious casting processes (mg/m?3)

Casting processes type Number of Arithmetic Geometric Min Max
samples mean mean

Cast iron 46 0.032 0.05 0.001 0.32

Brass 12 0.032 0.06 0.001 0.36

Aluminum 3 0.009 0.01 0.01 0.02

Alloys 19 0.04 0.04 0.01 0.20

Table 2: Risk assessment of occupational exposure to crystalline silica in the various processes and foundry sectors based
on cumulative exposure (mg/m?3-year)

Number of worker

Relative risk of death

Cumulative exposure

No. (%) (No. / 1000 exposutres) (mg/m3-year)
77(96.25%) 1.0 0.0-0.99
2(2.5%) 3.4 0.99-1.97
- 6.2 1.97-2.87
- 9.4 2.87-4.33
1(1.25%) 137 433-7.12
- 22.6 7.12-9.58
- 24.0 9.58-13.21
- 40.2 13.21-15.89
- 52.1 15.89-28.1
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Risk of silicosis-related mortality was in the range
of 1-13.7 per 1000 exposures. Risk of mortality
due to lung cancer in exposed workers in casting
foundries in Pakdasht, Iran was calculated accord-
ing to Rice et al. model (13), based on geometric

mean of exposure to crystalline silica and 45 years
of exposure (Table 3). Risk of lung cancer in ex-
posed population in different casting processes
was in the range 4-16 workers per 1000 exposures.

Table 3: Risk assessment of lung cancer in foundry workers in different processes based on Rice and Associates
regression models

Casting processes type Number of samples

Arithmetic mean Number of worker at risk

mg/m?3
Cast iron 46 0.032 13
Brass 12 0.032 13
Aluminum 3 0.009 4
Alloys 19 0.04 16
Discussion

This study presents the first history of occupa-
tional exposure of workers to quartz dust in small
casting foundries unit (less than 10 workers) in
Pakdasht, Iran. The present study has the ad-
vantage of dealing only with small casting found-
ries, with lower production capacity, whereas oth-
er studies have been conducted on larger found-
ries or a combination of the two. Furthermore,
the present study focused on different casting
processes (Cast iron, brass, aluminum, or alloy of
all three) in terms of rate of exposure to crystalline
silica concentration.

The results are only an estimate of the real risk in
exposed workers. The arithmetic mean of expo-
sure of workers to crystalline silica in 4 different
processes ranged from 0.01 to 0.06 mg/m’, and

geometric mean ranged from 0.009 to 0.04 mg/ m’.

Since there are no studies conducted so far to
compare 4 different processes in terms of expo-
sure to crystalline silica dust, thus, no comparison
was possible with other studies. Mean exposure of
workers in aluminum casting process was less than
other processes. Since comparison of workers’
exposure with health standards does not provide a
clear outlook on their health status, thus in this
study, according to method based on risk assess-
ment Robert et al. model (10) was used for inci-
dence of silicosis and lung cancer. Moreover, with
Mannetje et al. model (11) and cumulative expo-
sure classification, 96% of exposed population
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were in the cumulative exposure range of 0-0.99
mg/m’-year, which agreed with relative acceptable
risk of silicosis-related mortality, i.e., one per one
thousand, and the remaining workers (3.75%)
were exposed to frequency risk from 3-13 in 1000
exposure, which was higher than the rate found at
this range (15%) in a study that reported silicosis-
relate mortally risk between 1% and 52% per 1000
workers, which was higher than that found in pre-
sent study, due to young age of workers, with little
work history and lower cumulative exposure, and
also that since present study was conducted on
small foundries only, where spread of dust is less
than in larger foundries (16). Since workers were
young and had little work history (Mannetje classi-
fication is based on annual cumulative exposure,
and risk is determined accordingly), despite unac-
ceptable risk level for 3 workers, pollution should
be controlled, as within 10 years, this number will
probably reach 50 workers, so the number of
people exposed to unacceptable risk levels will
increase.

Many studies have been conducted on the rela-
tionship between exposure to free silica and risk
of silicosis. This study assessed the relationship
between cumulative exposure (free silica and dura-
tion of exposure in years) and risk of silicosis ac-
cording to Mannetje model, in which relative risk
of mortality for cumulative exposure of 5.4
mg/m’-year, was 13.7% per 1000 workers, and in
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the present study, 1 worker (1.25%) was within
this range, which can be due to small sample size,
young workers and therefore little work history
and lower cumulative exposure of workers. Com-
paring silicosis risk assessment in this study with
the real risk in a cohort study conducted on 3010
Chinese workers, with results showing 33.7% of
workers had silicosis, was not very unexpected. 69%
of those with silicosis had cumulative exposure to
crystalline silica dust of 5.4 mg/m’-year (17). The
model used in this study for risk assessment of
silicosis-related deaths may show lower risk levels
compared to the above cohort study, for example,
according to Mannetje et al. model, relative risk of
death due to silicosis for cumulative exposure of
5.4 mg/m’-year was 13.7 per 1000, and in the Chi-
nese cohort study, 33.7% of those with silicosis
were indentified (17). To better understand future
risk of exposed workers in Pakdasht-Iran, a com-
parison was made with real risk in another cohort
study on 4626 workers in sand industry from 1974
to 1995, with a mean work history of 9 years and a
mean exposure to crystalline silica of 0.05 mg/m’-
year, in which silicosis-related mortality rate was
estimated at 18.2 (18). In addition to silicosis
problem in workers exposed to free silica, the risk
of lung cancer was reported 18-19 workers per
1000, according to NIOSH studies on workers’
lifetime exposure to crystalline silica with concen-
tration of 0.05 mg/m’(11).

In this study, lung cancer risk assessment in work-
ers exposed to quartz was carried out according to
relative linear regression model (13), commonly
used in other studies (19). Accordingly, frequency
of risk of mortality due to lung cancer for long-
term exposure of 45 years to 0.05 mg/m’ (AC-
GIH-TLV) is 19 per 1000 exposed people (20).
Recently, this has been reduced by ACGIH to
0.025 mg/m’, which makes the risk 10 per 1000
exposed (21). But, it may not provide the safety
required for acceptable risk level of 1 per 1000
(22). Due to the changeable nature of exposure in
each process, ranging from 0.04 to 0.032 mg/m”,
relative linear regression model was used, which
anticipated mortality rate due to lung cancer in the
range of 4-16 per 1000 exposed population in 45
years of continuous work. According to the theory
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of acceptable long-term risk of less than 1 per
1000 (22), estimated risk assessment in this study
is high, and can lead to significant payment of
damages by the company and the Office of Na-
tional Insurance. Despite the high estimate of risk
of death due to lung cancer in casting workers of
Pakdasht-Iran, the outcomes of exposure to
quartz (given the young age of most workers and
interval of 10 years to develop lung cancer) after
45 years of exposure are yet to be observed.

Conclusion

Due to dispersion of exposure to crystalline silica
in each process, which was within the range 0.009
to 0.04 mg/ m’, relative linear regression model
was used to calculate the risk of lung cancer, ac-
cordingly found in the range 4-16 per 1000 ex-
posed people after 45 years of continuous work.
Such a high risk can lead to substantial payment of
damages by the company and Office of National
Insurance. Given the young age of most workers
and interval of 10 years to develop lung cancer, de-
spite the high estimate of risk of death due to lung
cancer in casting small foundry workers of
Pakdasht, Iran, the outcomes of exposure to quartz
after 45 years of exposure are yet to be observed.
Thus, it is essential to carry out routine control
procedures (23) including use of ventilation, im-
proved working conditions, and use of appropriate
personal protective equipment according to differ-
ent processes in casting industry, as an action to
prevent silicosis and lung cancer, and to avoid pay-
ment of damages to the victims.
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