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Abstract

Background: Miners are exposed to considerable airborne dusts. According to the US
Department of Labor Mine Safety and Health Administration (MSHA), the rate of either mortality
or morbidity of miners due to their occupations is almost six times higher than other industrial
workers. Blasting, crushing, and processing of mineral ores produces particulate emissions in the
diverse mining processes. Mineral dust generated by mining can cause systemic toxicity through
their chemical speciation and free radical inside of the body could provoke a higher rate of Occupational monitoring,
hyperplasia, cancer, and cardiovascular risks. The International Agency for Research on Cancer

(IARC) has not classified iron oxide compounds as a carcinogenic compound. However, an Malondialdehyde,
increased incidence of lung disease is associated with workers in occupations involving exposure

to iron oxide dust or fumes. Generally, exposure to iron oxide particles is suspected to lead to an Gol-e-Gohar Iron Ore
increased risk of lung cancer in iron ore miners, iron metal welders, iron foundry workers, and mine
iron and steel manufacturers. The cohort epidemiological studies also support a higher risk of lung

fibrosis, siderosis, and silicosis for the workers exposed to iron dust or fume. Due to the variable
composition of iron ore in mines of diverse geographical locations, the contradictory and

conflicting findings from epidemiological studies has been reported. Researchers have also
recommended further investigation for the health effects of occupational exposure to iron ore dust

in different locations. Iron oxides such as Fe203, FeO and Fe304 along with crystalline silica are

the most prominent dust in iron ore mining. Despite the potential toxicity of Iron compounds, they

are essential nutrients and play an important role in the metabolism of hemoglobin, mitochondrial

function, enzymatic activity (especially cytochromes), and muscle metabolism, particularly

myoglobin. However, an excess dose of iron compounds has been reported in iron accumulation in

various organs, especially the liver (resulting in cirrhosis, liver failure, and hepatocellular
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carcinoma), endocrine organs (causing pituitary and gonadal failure), pancreas (causing diabetes), q .
skin (causing pigmentation), and heart (resulting in cardiomyopathy, heart failure and arrhythmia). Received: 21/01/2018
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and retinitis complications. Thus, early diagnosis and monitoring of workers are essential. Chronic
inhalation of excessive concentrations of iron oxide fumes or dust may result in the development
of benign pneumoconiosis, called siderosis, which could be observed in radio-graphical
examination of the workers. Iron, as a transitive metal and a highly reactive oxidizing agent, can
participate in the Fenton reaction, and then by producing hydroxyl radicals leads to lipid
peroxidation (LPO). LPO is a chain reaction process initiated by the attack of reactive oxygen
species (ROS) and reactive nitrogen species (RNS) on polyunsaturated fatty acid (PUFA) residues
of phospholipids, leading to cell membrane damage and consequently to cell death. Several
biomarkers of LPO have been established, such as 8-iso-prostaglandin F20, malondialdehyde,
hyroxynonenal (4-NHE), and exhaled breath ethane. Malondialdehyde is the most abundant and
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stable aldehydic product of LPO and due its simplicity of analysis, it is a widely used biomarker of
LPO. Regarding the high prevalence of occupational diseases in iron ore mine workers, the
objective of this study was to investigate the occupational exposure of mine workers to respirable
dust, iron compounds and determining the correlation of their personal exposure to the biomarker
of oxidative stress through the levels of serum malondialdehyde.

Methods: The present study was a cross-sectional descriptive-analytic investigation. The study
population was selected randomly from non-smoker healthy workers with a minimum working
experience of one year. 92 workers of the concentrating and pelletizing plants and 48 office
workers were recruited as the exposed and control group respectively. The sampling of respirable
dust and iron oxides was performed using a plastic cyclone sampler equipped with mixed cellulose
ester membrane filter connected to the SKC sampling pump according to standard methods such
as NIOSH-0600, and OSHA-121 respectively. The measurement of respirable dust was conducted
through gravimetric analysis, Pre and post weighing of the filter was conducted using an electronic
balance (Sartorius-TE124S, precision: 10-5 gr). Analysis of iron oxides was carried out using Atomic
Absorption  Spectroscopy  (Varian220FS). Serum malondialdehyde was measured by a
spectrophotometric assay using the ZellBio GmbH kit and visible light spectrophotometer (CECIL
CE2021) at a wavelength of 531.5 nm. The correlation between either respirable dust and iron
compounds with serum malondialdehyde was determined by the Spearman correlation statistical test
by using SPSS software.

Results: According to the results of the Mann-Whitney U test, exposure to general respirable dust,
and iron oxides in the exposed and control group were (24.8, 2.9) and (0.59, 0.023) as mg/m3
respectively. The exposed workers had statistically significantly higher exposure than the control
group (p<0.001). Similarly, the Mann-Whitney test showed the serum malondialdehyde levels in
the exposed group (41.6 pmol/L) was statistically significantly higher than their corresponding
control group (22.52 pmol/L) (p< 0.001). According to the Spearman correlation test, there was a
statistically significant positive correlation between the parameters of exposure to respirable dust
and iron compounds in the exposed group (r= 0.835, p< 0.001). However, the correlation between
the parameters of exposure to respirable dust and serum malondialdehyde level (r= 0.006 and p=
0.95), or their exposure to respirable iron oxides and serum malondialdehyde level (r= 0.022 and
p=0.84) in the exposed group were not statistically significant.

Conclusion: According to the occupational exposure limit values provided by the office of
Environment and Occupation Health of the Iranian Ministry of Health and Medical Education and
the American Conference of Governmental Industrial Hygienists (ACGIH) for the particles not
otherwise specified (PNOS), 96.6% of workers' exposure to respirable dust were higher than the
set limit. However, due to the content of crystalline silica in the respirable dust and the probable
presence of other toxic compounds such as amphibole asbestos and heavy metals such as Cd, As,
Ni, Co, and Hg, the airborne general dust of Gol-e-Gohar mine may not be classified as PNOS and
workers' exposure could have a more harmful consequences. In the present study, According to
the occupational exposure limit values set by the office of Environment and Occupation Health of
the Iranian Ministry of Health and ACGIH for the respirable iron oxide compounds, 38.5% of
workers in exposed group had higher exposure than their corresponding occupational exposure
limit. In this study, the content of serum malondialdehyde of exposed workers as a nonspecific
biomarker of the exposure to iron dust was statistically significantly higher than the control group.
However, the correlation of workers' exposure to either respirable dust or iron compounds was not
statistically significant with their serum malondialdehyde. This phenomenon could be due to the
limitation of workers in exposed and control group in this study, and possibly other content of iron
ore, such as crystalline silica, asbestos, and toxic metals which were quantified in this study.
Miscellaneous confounding factors of oxidative stress, such as noise pollution and environmental
heat stress have been reported in various studies. Although there were no significant correlation
between the exposure of either respirable dust or iron oxide compounds with serum
malondialdehyde, excessive workers' exposure to respirable dust and iron oxide compounds and
statistically significantly higher serum malondialdehyde levels in the exposed workers compared
to those in the control group, indicates the need for a more comprehensive investigation for the
environmental and biological monitoring of the Gol Gohar workers. Further studies for monitoring
larger exposed and control population, along with the more diverse examination of environmental
dust ingredients and a more thorough biological monitoring of workers using a more specific
biomarker for iron oxide compounds are recommended for the future study.
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