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Iron ore extraction and concentrate factories and mines are among the
occupations where personnel are exposed to varying levels of free crystalline
silica, making the exposure of workers to respirable free crystalline silica a
significant occupational health concern. In this study, 132 personnel from an
iron concentrate factory in Hamadan province, Iran, who had exposure to free
crystalline silica were selected, and their exposure to silica pollutants in each
specific occupational group were measured. For this purpose, occupational
units were classified according to the measured exposure level in coded
groups from 0to 5. The results showed that in general, with increasing work
experience of personnel in units with exposure to silica, no increase was
observed in their urinary crystals. Furthermore, no significant relationship was
seen between work experience and the number of urinary crystals in exposed
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personnel. In addition, within-group comparisons in terms of exposure levels
of groups with higher exposure to groups with lower exposures indicated that
there is no significant difference in the rate of excretion of urinary amorphous
urate crystals between occupational groups. The rate of urinary crystals,
particularly amorphous urate, was significantly higher in the exposed group
compared to the control group (a working group of employees in a food
industry without any exposure to silica). Based on the results of this study,
more complementary studies are required to determine the exact relationship
between occupational exposure to free crystalline silica and urinary
parameters, especially urinary crystals.
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Extended Abstract

Background and Objective

Occupational exposure to respirable crystalline
silica in mining and stone-processing industries
is a well-recognized health risk that can cause
not only respiratory diseases but also kidney
disorders. This study was conducted to evaluate
the relationship  between  occupational
exposure to crystalline silica and changes in
urinary parameters — with a focus on oxalate
and amorphous urate — among workers of an
iron ore concentrate plant in Hamedan
Province, Iran.

Materials and Methods

This descriptive-analytical study involved 132
workers exposed to crystalline silica in an iron
ore concentrate factory, compared with an equal
number of unexposed workers from the food
industry. Morning urine samples were randomly
collected in acid-washed plastic containers,
centrifuged for 10 minutes, and the supernatant
was stored at —20 °C for further analysis. Urine
characteristics including color, appearance,
specific gravity, pH, protein, glucose, ketones,
bilirubin, urobilinogen, blood/hemoglobin,
nitrite, WBC/RBC count, epithelial cells, bacteria,
and urinary crystals were evaluated.

Personal exposure to silica was periodically
monitored according to NIOSH standards using
personal sampling pumps. Based on average
exposure levels, occupational units were
classified into five categories ranging from 0 (no
exposure) to 5 (very high exposure). The chi-
square test and ANOVA were applied to assess
the association between qualitative and
quantitative variables and urinary crystal
formation, respectively. Logistic regression
analysis was used to evaluate the effect of silica
exposure on amorphous urate levels. A p-value
of < 0.05 was considered statistically significant.
All analyses were performed in Stata version 14.
Workers with underlying conditions that could
affect urinary results — such as diabetes,
hypertension, urinary tract infection, or
glomerulonephritis — were excluded.

Results

Among the exposed workers, the frequency of
urinary crystals between 2021 and 2023 ranged
from about 10-16% for oxalate and 6-18% for
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amorphous urate. Intragroup analysis showed
no significant difference between exposure
intensity levels (0-5) and the excretion of
amorphous urate crystals (P = 0.69). Similarly, no
significant relationship was observed between
work experience (<5 years, 5-10 years, and >10
years) and the presence of crystals (P = 0.18).
However, in the overall comparison, the
prevalence of amorphous urate crystals was
significantly higher in the exposed group than in
the control group (P = 0.002). Other urinary
parameters did not differ meaningfully between
the groups.

Discussion

Exposure to respirable crystalline silica is still
one of the main occupational health challenges,
especially in mining industries of developing
countries. Previous studies have shown that
silica dust concentrations in such environments
often exceed the permissible exposure limits. In
the present study, workers with different
exposure levels in an iron ore concentrate
factory were examined to determine the impact
of occupational silica exposure on urinary
factors, particularly amorphous urate crystals.
The findings indicated that longer work
experience among silica-exposed workers did
not significantly affect the presence of urinary
crystals. Likewise, no significant variation in
amorphous urate excretion was observed
between workers with different exposure levels.
Nevertheless, when the exposed and control
groups were compared, the occurrence of
urinary crystals — especially amorphous urate
— was considerably higher among exposed
workers. This observation is consistent with
findings from other studies and may suggest the
beginning of kidney function alterations due to
occupational exposure to crystalline silica.

Conclusion

In summary, while neither the duration nor
intensity of silica exposure alone appeared to
cause major changes in urinary parameters,
exposure to crystalline silica was associated with
a higher occurrence of urinary crystals,
particularly amorphous urate. To confirm these
results and clarify the potential renal effects of
silica exposure, broader and longitudinal
studies across different occupational groups are
recommended.
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