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Abstract
Article history: Background and Objective: Due to the nature of shift work, nurses are under
Ezsggsfj:z;?u{\ll\%ggﬂ high stress, which can ultimately affect their work ability (WA).
Accepted: 30 Jul 2024 Considering the importance of the nursing profession, in this study, the
ePublished: 30 Aug 2024 work ability index (WAI) of nurses was investigated in different

departments in one of the hospitals affiliated with Isfahan University of
Medical Sciences.
Materials and Methods: The present study is descriptive and analytical. The
Work Ability Index questionnaire was used to evaluate work ability. First,
100 nurses were selected, and the collected data were analyzed in SPSS
software (version 23) using descriptive and analytical statistical tests.
Results: In this study, 45%, 32%, 16%, and 7% of individuals had average,
*Corresponding author: Adel good, excellent, and poor WA, respectively. The mean WAI was higher in
ggﬁiﬁ?&gfﬂiﬁ?ﬁm of single people than in married ones (P=0.032). The WAI of nurses was
ety (el o Rl statistically significant according to their employment status (P=0.01).
Tehran University of Medical There was no significant difference between the WAI based on the type of
Sciences, Tehran, Iran department (P=0.224). Likewise, the WAI was lower in nurses who had a
second job (P=0.04). Day-shift nurses had a higher WAI (P=0.01).
Conclusion: In general, the WA status of nurses was in the average range.
Emeik anerermiEums e Given the relationship between some individual variables and the WAI, it
is essential to adjust individuals' responsibilities based on these
correlations to improve this index.
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Extended Abstract

Background and Objective

Silica is a substance with the chemical composition
of SiO2 [1,2]. In nature, silica exists in two forms:
crystalline, which includes quartz, tridymite, and
cristobalite, and amorphous [3]. The crystalline
form of silica is recognized as a pollutant in both
occupational and environmental settings [4].
Workers who inhale very small particles of
crystalline silica are at risk of developing lung
cancer, silicosis, lung disorders, and kidney
diseases. In 1997, the International Agency for
Research on Cancer (IARC) also classified silica as
a carcinogenic agent [5,6]. Silicosis is a significant
occupational disease worldwide, and despite
numerous efforts to prevent it, it remains a global
issue [7], potentially leading to respiratory failure
and death if it progresses [8]. Therefore, its
elimination by 2030 is one of the goals of the World
Health Organization (WHO) and the International
Labour Organization (ILO) [9-13].

Considering that brick-making is one of the
industries where workers are exposed to crystalline
silica, and no studies have been conducted in
Isfahan on this topic so far, this study aims to assess
and compare the airborne concentration of silica
and respirable dust in the refractory brick industry
in Isfahan. It also seeks to compare these
concentrations with permissible limits and evaluate
the airborne concentration of crystalline silica and
respirable dust among workers.

Materials and Methods

This study was conducted as a cross-sectional and
observational study. The study population consisted
of large refractory brick manufacturing industries in
Isfahan that had an HSE (Health, Safety, and
Environment) management system and small
industries that lacked this system and were operated
as workshops. The sample population of this study
was selected through a census over a three-year
period, specifically in the years 2020, 2021, and
2023. In large industries, samples were collected
from 79 individuals, and in small industries,
samples were collected from 30 individuals, with
one silica sample and one respirable dust sample
collected from each person. The total number of
samples collected was 654, including 237
crystalline silica samples and 237 respirable dust
samples from large industries, and 90 crystalline
silica samples and 90 respirable dust samples from
small industries. All employees included in this
study were men. Job groups in both large and small
industries were divided into production and non-
production groups. The production group included
workers and machinery operators in the production
unit, while the non-production group consisted of
maintenance and repair units, supervisors,
production specialists, and units for safety, health,
environment, and quality control.

The assessment and comparison of airborne silica
concentrations were performed based on the
NIOSH 7602 method (National Institute for
Occupational Safety and Health: NIOSH), and the
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assessment and comparison of respirable dust were
conducted based on the NIOSH 0600 method.
Personal sampling was conducted using an SKC-
universal standard personal sampling pump with a
flow rate of 1.7 liters per minute.

Samples were transported to the laboratory
according to standard procedures, where they were
recovered and prepared for analysis. The analysis of
silica-containing samples was conducted using
infrared (IR) spectrophotometry and the calibration
curve equation (Y = 0.02035X - 0.0227). Prepared
samples were read at the highest absorption peak
(wavelength 800 cm<sup>-1</sup>) using a Perkin
Elmer Spectrum 100, and a standard quartz curve
was prepared. The data obtained were analyzed
using SPSS version 24 (Statistical Package for the
Social Sciences) software, utilizing Chi-square,
Mann-Whitney U, and Kruskal-Wallis tests.

Results

The personal monitoring of total respirable dust and
respirable crystalline silica was conducted on 109
workers across two occupational subgroups in the
refractory brick industries of Isfahan over a three-
year period (2020, 2021, and 2023). A comparison
of the results for the average airborne respirable
silica concentrations measured over the three years
against the permissible exposure limits showed that
65.1% of the samples were above the permissible
exposure limit, while 34.9% of the samples were
below the permissible exposure limit.

In 2023, the results from the analysis of airborne
silica concentrations indicated that 34.9% of the
samples were below the permissible exposure limit,
and 65.1% of the samples were above the
permissible exposure limit. This analysis was also
conducted for the years 2020 and 2021. In 2021,
56.9% of the samples were below the permissible
exposure limit, and 43.1% were above it. In 2020,
51.4% of the samples were below the permissible
exposure limit, while 48.6% were above it.

Data analysis tests were also performed to
determine the concentration of airborne dust, and
the comparison of the results for the average
airborne respirable dust concentrations over the
three years against the permissible exposure limits
showed that 25.7% of the samples were above the
permissible exposure limit, while 74.3% were
below it. The standard deviation of the measured
dust levels in 2020, 2021, and 2023 were 1.918,
1.466, and 1.293, respectively.

The  three-year  average  airborne  silica
concentration was below the permissible exposure
limitin 35.8% of the production workers and above
the permissible exposure limit in 64.2% of them.
Additionally, it was below the permissible exposure
limit in 33.3% of non-production workers and
above it in 66.7% of them. Conversely, the average
airborne respirable dust concentration was below
the permissible exposure limit in 64.2% of
production workers and above it in 35.8% of them.
In 90.5% of non-production workers, the airborne
respirable dust concentration was below the
permissible exposure limit, and in 9.5% of them, it
was above the permissible exposure limit.
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Using the Chi-square test, there was no significant
difference in the three-year average airborne silica
concentrations between the four occupational
groups (P = 0.921). However, there was a
significant difference in the average airborne
respirable dust concentrations between them (P =
0.020). Similarly, there was no significant
difference in the three-year average airborne silica
concentrations among the three occupational
groups (P = 0.783), but there was a significant
difference in the average airborne respirable dust
concentrations (P = 0.007). Additionally, there was
no significant difference in the three-year average
airborne silica concentrations between the two
occupational groups (P = 0.791), but there was a
significant difference in the average airborne
respirable dust concentrations (P = 0.002).

Discussion

This study aimed to evaluate and compare the
airborne concentrations of crystalline silica and
respirable dust in refractory brick industries in
Isfahan over a three-year period across production
and non-production occupations. The assessments
revealed that the airborne crystalline silica
concentrations in smaller workshops without HSE
management systems were above the permissible
exposure limit for all three years, with a significant
concentration  (66.7%). However, in larger
industries with HSE management systems, there
was a decrease in the percentage of airborne
concentrations above the permissible exposure
limit from 41.8% in 2020 to 34.2% in 2021.

Studies on employees in the brick manufacturing
industry, miners in the United States, and steel
industry workers on the east coast of the Malay
Peninsula have shown that exposure to crystalline
silica among workers in these industries was above
the permissible exposure limit [14-16].

The results for the two occupational subgroups,
production and non-production, showed that
35.8% of production workers and 9.5% of non-
production workers had airborne concentrations
below the permissible exposure limit. In contrast,
Asgaripour et al. (2014) concluded in their study
that the average concentration of total respirable
dust was 4.35 = 3.5 mg/m3, which is higher than
the ACGIH standard [17, 18]. In the present study,
we found no significant difference in the three-year
average exposure to silica between the two
occupational groups (P = 0.791). However, the
results of Assari et al.'s study on silica milling
workshops contradicted this finding [19, 20].

Conclusion

In large industries with HSE management systems,
the airborne concentrations of crystalline silica and
respirable dust were significantly lower than in
smaller industries that lacked HSE systems and were
operated traditionally. Therefore, it is essential for
industry managers to create the necessary
conditions to hire HSE specialists and implement
their measures to reduce the levels of airborne
crystalline silica and total respirable dust in the
workplace environment.
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