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Abstract

Introduction: Copper is widely used in industry. It has been associated with
several health hazards among exposed workers.

Aim: The aim of this work is to measure the indicators of oxidative stress as
malondialdehyde and superoxide dismutase enzyme activity levels in blood and their
association with copper and arsenic levels among secondary copper smelter workers.

Subjective and methods: This study was conducted on forty (40) male workers
in a secondary copper smelting factory, who were occupationally exposed to copper.
They were compared to forty (40) male non-exposed individuals. Full history was
taken, clinical examinations were done. Laboratory investigations in the form of:
CBC, serum copper, serum arsenic, urinary arsenic, malondialdehyde and superoxide
dismutase blood levels were measured. Environmental measurements of copper and
arsenic dusts and fumes were carried out at selected different workplaces.

Results: Environmental measurements in the workplace were within the normal
permissible limits in Egypt. Statistically significant (p<0.05) differences were found
between exposed and control as regards the prevalence of the respiratory and
neurological symptoms. Compared to the control group, serum copper, serum arsenic,
urinary arsenic and blood malondialdehyde level (Cu=148.4+15.6, serum As=2.6+1.2,
urinary As=38.7+14.2, MDA=5.6+1.9) were significantly increased among exposed
worker. Superoxide dismutase activities in blood (185.5+19.8) were significantly
decreased and negatively correlated with duration of the employment (r=-0.750;
p<0.001). Also malondialdehyde in blood were significantly increased and positively
correlated with the duration of employment (r=0.830; p<0.001).

Conclusion: The oxidative stress biomarker as malondialdehyde (MDA) was
significantly increased with exposure to copper dusts and fumes. It was positively
related to copper and arsenic levels. While superoxide dismutase enzyme activity was
significantly reduced, and it was negatively related to copper and arsenic levels. The
disruption of hemostasis induced by oxidative stress may promote the development of
health hazards with continued occupational exposure to copper fumes.

Recommendation: from the present study we recommend :Pre-employment and
Periodic medical examination for smelters workers including clinical examination and
laboratory investigations as measuring serum copper, urinary arsenic, serum arsenic.
Malondialdehyde and superoxide dismutase blood levels can be used as indicators of
oxidative stress among exposed workers.

Key words: Copper smelters, Arsenic, Malondialdehyde (MDA), Superoxide
dismutase (SOD).
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Introduction

Mining and smelting of heavy metals can be traced back thousands of years
ago. However, production has grown rapidly since the industrial evolution (Pacyna,
1986).

The discovery of copper dates from prehistoric times. It is said to have been
mined for more than 5000 years. It is one of man’s most important metals. Copper
occasionally occurs native (elemental copper) in ores and minerals. The most
important copper ores are the sulfides, oxides and carbonates. From these, copper is
obtained by smelting, leaching, and electrolysis (Lide, 2012).

Um Bogma area is the most famous mineralized area in Sinai, Egypt. It is
characterized by the presence of manganese, iron, and copper deposits.There are
many hazardous elements such as iron, copper, manganese, lead, and zinc as well as
others associating heavy metals such as arsenic, selenium, and sulfur which are

dispersed in the environment (Khalifa and Arnous, 2012).

Emissions from copper smelter are principally particulate matter and sulfur
oxides. Copper and iron oxides are the primary constituents of particulate matter but
other oxides such as arsenic, antimony, cadmium, lead, mercury and zinc may be also
present along with metallic sulfates and sulfuric acid mist (7Tasié et al., 2010). As the
most common emissions are copper and arsenic, that is why we measured these

metals.

Copper can induce oxidative stress by two mechanisms. Firstly, it can directly
catalyze the formation of radical oxygen species (ROS) via a fenton-like reaction.
Secondly, exposure to elevated levels of copper significantly decreases glutathione

levels through binding to its thiol group (Speisky et al., 2009).

Chronic exposure to inorganic arsenic involves a biotransformation process
that led to the main excretion of organic methylated metabolites, such as
monomethylarsinic acid (MMA) and dimethylarsinic acid (DMA), as well as the

parental inorganic species (Marcos et al., 2006).

At the molecular level, physio-pathological effects related to arsenic toxicity

appear to involve different mechanisms and intracellular targets. Oxidative stress is
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among the most documented mechanisms of arsenic toxicity and carcinogenicity. It is
the result of an imbalance between radical oxygen species (ROS) production and the
antioxidant defense system e.g. superoxide dismutase (SOD) and vitamin E (De
Vizcaya-Ruiz et al., 2009).

Radical oxygen species (ROS) production by arsenic may result in an attack,
not only against antioxidant defenses and DNA, but also against membrane
phospholipids, which are very sensitive to oxidation, producing peroxyl radicals and
then malondialdehyde (MDA) (Shi et al., 2004).

Gentry et al. (2010) highlighted the role of inhibition of DNA repair by
arsenic as a mode of action for its carcinogenic effect. They analyzed data on in vitro
cellular and in vivo gene expression changes following exposure to inorganic arsenic.
The analysis of the data suggests the key events in carcinogenicity of arsenic include
inhibition of DNA repair under conditions of oxidative stress, inflammation, and
proliferative signaling. This may lead to a condition in which mitosis proceeds

without maintaining the integrity of the cellular DNA.

Numerous studies showed increased incidence of lung, skin, and bladder
cancer due to high exposure to arsenic (Ferreccio et al., 2006; Kapaj et al., 2006;
Kligermanand et al., 2007; Hlubin et al., 2008).

In regard to toxicity, the International Agency for Research on Cancer (IARC)
defines arsenic as a group | known human carcinogen that also induces a wide array
of other noncancer effects, leaving essentially no bodily system free from potential
harm (1ARC, 2012).



