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Abstract

The process of cement manufacture is consistently associated with the generation of particulate matter, leading to the potential
occupational exposure of factory personnel to cement dust. While it is advisable to utilize protective equipment, data from
developing nations suggest that industrial establishments often fail to implement adequate safety precautions. The presence of
hazardous elements such as aluminum, silica, and chromium in cement dust encountered in occupational settings has the potential
to induce inflammatory alterations in vital organs, including the liver, skin, and lungs. Chronic exposure to aluminum has been
observed to induce lipid peroxidation, which has been associated with the development of kidney failure and toxic alterations in the
neurological system. Both Portland cement dust as a whole and its individual constituents are categorized as chemical risks.
Individuals are subject to exposure to cement dust during several stages of its life cycle, including production, transportation, and

construction sites.

Keywords: Cement dust, aluminum, silica, chromium

Full-length article

*Corresponding Author, e-mail: doctorateeslam@gmail.com

1. Introduction

The global incidence of morbidity and mortality
associated with occupational diseases is on the rise, despite
the fact that these conditions are avoidable. According to
research published by the International Labor Organization in
2013, it was observed that an annual total exceeding 2.3
million individuals succumb to occupational ailments [1].
The usage of Portland cement as a construction material in
building practices dates back to approximately 25 BC, as
documented by Vitruvius Pollio. Portland cement is
comprised of calcium oxide, silicon dioxide, aluminum
trioxide, ferric oxide, and chromates. The user's text is
already academic in nature. The cement particles exhibit an
aerodynamic diameter that spans from 0.05 to 10um. These
particulates mostly gain entry into the human body through
the processes of inhalation and ingestion [2].

The process of cement manufacture is consistently
associated with the generation of particulate matter, leading
to the potential occupational exposure of factory personnel to
cement dust. While it is advisable to utilize protective
equipment, data from developing nations suggest that
industrial establishments often fail to implement adequate
safety precautions. Research has demonstrated that the extent
of pulmonary function impairment is contingent upon the
duration of exposure. Nevertheless, there exist stories that
challenge this assertion. The findings of these papers indicate
that there is no evidence to support the notion that exposure
to cement dust leads to an increase in the occurrence of
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respiratory disorders or a higher incidence of respiratory
symptoms among employees [3].

2. Effect of Cement Dust Exposure on Human Health
Workers in this field run the danger of being
exposed to physical, chemical, and mechanical elements that
could be harmful to their health. Workers may be exposed to
cement by inhalation, skin, or ocular contact. The length,
intensity, and sensitivity of the exposure determine the risk of
harm associated with cement workers. The skin, eyes, and
respiratory tract mucous membranes might get irritated by
cement dust. It builds up in the respiratory system, which
results in a response that raises the pH levels, irritating the
mucous membranes that are exposed [4]. Because the
majority of occupational diseases among cement workers
develop over a longer period of time, it is challenging to
gauge the severity of work-related disorders. Most employees
in the cement industry have chromium allergies, which can
cause anything from minor skin rashes to serious skin ulcers.
Additionally, chronic sinusitis, bronchitis, and cough are
more common in those workers. Portland cement is thought
to be a potential contributor to occupational lung illnesses
because cement particles are of a size that can be inhaled [5].
Employees at a Portland cement manufacturing
plant commonly report acute ocular irritation and a
heightened incidence of respiratory symptoms. Additionally,
these workers exhibit diminished forced vital capacity (FVC),
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forced expiratory volume in one second (FEV1), and
FEV1/FVC ratio. Furthermore, there is an observed
correlation between these health effects and an elevated daily
mortality rate among the affected individuals [6].

The inhalation of cement dust has been associated
with the development of pneumoconiosis, as well as an
increased risk of lung, stomach, and colon cancer.
Additionally, it is worth noting that this particulate matter has
the potential to infiltrate the systemic circulation, thereby
exerting its influence on many organs such as the heart, liver,
bone, spleen, muscles, and hair. Furthermore, it has the
capacity to disrupt the microstructure and physiological
functioning of these organs. There is a limited body of
research examining the biomarkers associated with the
inflammatory response among individuals employed in the
cement industry, and the findings from these studies lack
clarity [7].

Research has demonstrated that prolonged exposure
to cement dust is associated with a decrease in lung function,
a notable rise in Total Leukocyte Count, the occurrence of
chest pain, coughing, and ocular complications. There is an
observed elevation in the levels of erythrocyte sedimentation
rate (ESR), aspartate transaminase (AST), alanine
transaminase (ALT), serum creatinine, and urea [8]. Workers
in cement industry who at high risk of lung inflammation
must do routine chest X ray and laboratory investigation for
early diagnosis of any lung impairment [9].

3. Pathogenesis of Lung Diseases Caused Due to Cement
Dust Exposure

3.1. Inflammatory Response of the body against cement dust

Within the human body, inflammation serves as a
vital defense mechanism, wherein cells and molecules of the
immune system collaborate to establish a network aimed at
eliminating harmful substances and safeguarding the overall
well-being of the organism. Nevertheless, the presence of
chronic and prolonged inflammatory processes can lead to the
deterioration of tissues as a consequence of an impaired
equilibrium between immunocytes and molecules. The
inflammatory response entails the initiation of a signaling
cascade, which subsequently regulates the production of
inflammatory mediators within the tissue's local cells and
facilitates the recruitment of inflammatory cells from the
bloodstream [10]. The presence of hazardous elements such
as aluminum, silica, and chromium in cement dust
encountered in occupational settings has the potential to
induce inflammatory alterations in vital organs, including the
liver, skin, and lungs. Chronic exposure to aluminum has
been observed to induce lipid peroxidation, which has been
associated with the development of kidney failure and toxic
alterations in the neurological system [11].

Aluminum has been found to exhibit inhibitory
effects on enzymes such as alkaline phosphatase,
phosphodiesterase, and hexokinase. The inhalation of
hexavalent chromium may lead to the development of
asthma, nasal congestion, and itching in the nasopharyngeal
region. Direct contact with the skin can result in burns, while
ingestion of hexavalent chromium can cause harm to the
liver, kidneys, and gastrointestinal system. Numerous studies
have investigated the systemic impacts of cement dust and its
hazardous components [12].
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4. Effect of Cement Dust Component on Lungs

Chronic bronchitis, frequently accompanied by
emphysema (chronic obstructive pulmonary disease or
COPD), has been identified as the predominant respiratory
ailment resulting from exposure to cement. Subsequently,
silicosis and mixed dust fibrosis have been documented as
subsequent respiratory diseases in terms of prevalence [12].
Microelements such as chromium found in cements are
categorized as carcinogenic substances. Extensive research
has demonstrated a robust correlation between exposure to
cement dust and an increased risk of developing laryngeal
carcinoma. Concrete workers exhibited an elevated relative
risk for the development of lip, stomach, lung, and prostate
cancers. Prolonged industrial exposure to cement is
associated with elevated levels of DNA damage and
suppression of repair mechanisms. The results of this study
indicate the need for ongoing biomonitoring of occupational
cohorts to evaluate their overall health state [10].

4.1. Silicosis

Silicosis is a type of pulmonary ailment that arises
as a consequence of occupational exposure to particulate
matter composed of crystalline silica. The condition is
characterized by the presence of inflammation and scarring,
which manifest as nodular lesions primarily located in the
upper lobes of the lungs. This condition can be classified as a
form of pneumoconiosis. Silicosis, specifically the acute
variant, is distinguished by symptoms such as dyspnea,
coughing, pyrexia, and cyanosis, which manifests as a bluish
discoloration of the skin. Misdiagnosis of the condition in
question can frequently occur, as it is easily mistaken for
pulmonary edema, pneumonia, or tuberculosis [13].

4.1.1. Etiology

There are two distinct types of silicon dioxide that
occur naturally: amorphous and crystalline. Silicon dioxide in
its crystalline state is a prevalent naturally occurring mineral,
frequently encountered in many substances including
sandstone, quartz, and granite. Although the inhalation of the
amorphous form does not seem to result in clinically relevant
difficulties, the inhalation of the crystalline molecule has the
potential to induce lung illness [13]. The presence of silica in
the airways leads to the generation of reactive oxygen species
upon interaction with the surfaces of the alveoli and
endobronchial passages. Phagocytosis is the process by
which macrophages internalize smaller particles, leading to
the subsequent generation of more free radicals. The
activation of macrophages and the presence of silica particles
lead to oxidative damage, which then triggers the production
of inflammatory cytokines, enhances cell signaling, and
induces death in both parenchymal cells and macrophages. As
the disease advances, there is a manifestation of fibroblast
infiltration in a nodular form [14].

4.1.2. Epidemiology

Based on data provided by the Occupational Safety
and Health Administration (OSHA), it has been determined
that a considerable number of workers, over two million, are
consistently subjected to various forms of respirable silicon
dioxide. Enhanced consciousness and implementation of
safety protocols within occupational settings have resulted in
a significant decline of this particular ailment over the past
few decades. Nonetheless, it is important to acknowledge that

62



1JCBS, 24 (4) (2023):61-65

existing preventive measures are not flawless, and instances
of silicosis still emerge [15].

4.1.3. Pathophysiology

The inhalation of crystalline silicon dioxide leads to
the formation of mineral deposits in the terminal bronchioles
and alveoli. The activation of alveolar macrophages and the
direct harmful effects on the surrounding lung parenchyma
are consequences of the presence of foreign particles. The
production of inflammatory cytokines, such as IL-1 and TNF-
alpha, the creation of free radicals, and the amplification of
cell-signaling pathways are consequences of cellular damage.
Various cytokines contribute to the stimulation of fibrosis
[16]. The involvement of tissue mast cells has also been
documented. Moreover, there exists data indicating that silica
hampers the capacity of macrophages to impede the
proliferation of mycobacteria. This phenomenon serves as an
explanation for the frequently seen correlation between
silicosis and tuberculosis. In the acute manifestation of
silicosis, there is a potential occurrence of direct toxicity
affecting alveolar type 2 cells and macrophages. The
involvement of immunologic components in the pathogenesis
of silicosis has been hypothesized for a considerable period,
however empirical evidence to substantiate this claim
remains elusive [17].

4.2. Chromium

Chromium has corrosive properties, cytotoxicity,
and carcinogenicity in humans, hence leading to the
development of acute and chronic lung tissue toxicity [18].

4.2.1. Health Hazards of Chromium

The respiratory tract is the primary organ affected by
the toxic effects of hexavalent chromium (Cr (VI)), which can
occur through both acute (short-term) and chronic (long-
term) inhalation. Acute exposure to Cr (VI) may result in
symptoms such as dyspnea, coughing, and wheezing.
Prolonged exposure to some substances can result in the
development of ulcerations and perforations in the nasal
septum, chronic bronchitis, reduced pulmonary function,
pneumonia, and several other respiratory consequences.
Based on empirical and epidemiological evidence, the
International Agency for Research on Cancer (IARC) has
designated Cr (VI) as a Group 1 carcinogen, indicating its
recognition as a confirmed human carcinogen [19].

4.2.2. Pathophysiology

The exact mechanism underlying the harmful effects
of Cr (VI) remains incompletely elucidated; nonetheless,
multiple investigations have provided evidence that Cr (VI)
compounds elicit oxidative stress, DNA damage, apoptotic
cell death, and perturbations in gene expression. The presence
of redox-active enzymes and small molecules leads to a
decrease in Cr (VI) levels. This reduction process results in
the formation of intermediate unstable states, namely Cr(V)
or Cr (IV). These states have the potential to facilitate the
production of free radicals, including hydroxyl, thiyl,
ascorbate, and carbon-based radicals. These radicals have the
ability to cause damage to macromolecular targets, such as
DNA. Itis noteworthy that Cr (111) exhibits reactivity towards
DNA and proteins; nonetheless, it demonstrates an inability
to traverse cellular membranes [20].
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In contrast, Cr (V1) species have a distinct behavior
as they do not exhibit reactivity towards nucleophilic targets.
However, they possess the ability to readily traverse cell
membranes via anion channels. Upon entry into the cellular
environment, hexavalent chromium (Cr (V1)) undergoes a
fast reduction process, resulting in the formation of trivalent
chromium (Cr (lI1)). Subsequently, Cr (Ill) engages in
interactions with cellular proteins and DNA [21]. The
implementation of enhanced work environments, protocols,
and hygiene practices has effectively mitigated occupational
contact with Cr (VI) compounds, resulting in a decrease in
conventional pulmonary complications like tracheobronchitis
or pneumonia. Nevertheless, prolonged exposure to Cr (VI)
still poses a risk for the development of airway disorders,
encompassing airway irritation, sensitization, and lung
cancer. Hence, it is imperative to employ tests of high
sensitivity in order to assess the initial biochemical alterations
that take place in the respiratory system subsequent to
exposure to Cr (VI) [22].

4.3. Aluminum
While aluminum is generally not regarded as a
highly dangerous material, there have been documented
associations between its exposure and the development of
pneumoconiosis under specific circumstances. Multiple
research projects have demonstrated that the inhalation of
aluminum (Al) dust and fumes has the potential to adversely
affect pulmonary function. However, it is important to note
that conflicting findings have also been reported in certain
investigations. It has been proposed that all employees may
be susceptible to respiratory disorders and deterioration of
ventilatory function testing, ultimately leading to the
development of chronic obstructive pulmonary disease
(COPD). The precise etiology of pulmonary damage resulting
from aluminum exposure remains uncertain [23]. Aluminum
has the potential to enhance oxidative and inflammatory
stress, which can result in the disruption of lung epithelial
function. Chronic inflammation of the lungs seems to play a
role in the development of chronic obstructive pulmonary
disease (COPD), and indicators of this mechanism show
potential as predicting factors in COPD. The potential
utilization of serum ALAT enzyme as a genetic marker for the
early detection of disease and prognosis assessment in
individuals with chronic obstructive pulmonary disease
(COPD) has been suggested. The clinical significance of
alpha-1 antitrypsin (A1AT) becomes evident in persons with
hereditary A1AT deficiency, as they demonstrate a
heightened vulnerability to chronic inflammatory disorders
such as chronic obstructive pulmonary disease (COPD), liver
illnesses, and sporadically systemic vasculitis [24]. The
potential of Al to enhance oxidative and inflammatory stress
may result in a higher susceptibility to asthma and COPD in
patients with A1AT deficiency. The serum concentration of
C-reactive protein (CRP), a widely employed biochemical
marker, exhibits a positive association with the extent of
pulmonary inflammation in individuals with stable chronic
obstructive pulmonary disease (COPD). The correlation
between increased levels of C-reactive protein (CRP) and
decreased lung function indices was identified in population-
based surveys. Hence, there exists the potential for utilizing
CRP as a predictive tool for assessing the likelihood of future
chronic obstructive pulmonary disease (COPD) occurrences
[25].
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Conclusion

Inhalation of cement dust and its components affect

human health badly mainly lung function.
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