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Abstract
Environmental toxicology is a relatively young field of science concerned with the study of environmental pollutants in air, dust,
sediment, soil, and water in the environment and their effects.
Since the 1970s, scientists concerned with toxins in the environment focused their research on the impacts of various chemical agents
on ecosystems and health hazards associated with certain chemicals including asbestos. Asbestos, the foremost among toxic fugitive dust,
has the ability to resist heat, fire, and electricity. Asbestos is a group of naturally occurring fibrous silicate materials with known toxicity
resulting from exposure.
Although the precise mechanisms by which asbestos fibers cause toxic injury have not yet been fully determined, it is well-documented
that fibers that persist within the lung or the mesothelium are capable of producing fibrogenic and tumorigenic effects in these tissues.
Keywords: Toxicology; Mesothelium; Asbestos; Actinolite; Amosite

Introduction
The causal association between asbestos exposure and
malignant and nonmalignant illnesses has been established by
various epidemiologic studies. The major routes of entry for
asbestos into the body are inhalation and ingestion. Exposure via
the skin is quite minimal. When inhaled, the asbestos fibers can
make their way down to the smallest airway level into the lungs.

As a result of the body’s attempts and mechanisms to remove
the fibers from the lungs, these can be transported from the
lung parenchyma out to the pleura and the lining of the lung.
Thus, inhalation of the asbestos fibers is also associated with
pleural lung diseases other than mesothelioma, including benign
asbestos effusion, benign pleural plaques, and visceral pleural
fibrosis.

Mechanisms of Action

Asbestos-related cancers became better recognized towards
the end of the 20th century. The International Agency for
Research on Cancer has classified five types of asbestos fibers−
actinolite, amosite, anthophyllite, crocidolite, and tremolite as
human carcinogens [1].
Asbestos fibers may easily be released into the air by the
disturbance of asbestos-containing material, demolition work,
repair or remodeling, maintenance of asbestos products and
breakdown of natural deposits. They are particularly resistant
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to chemical and thermal degradations and will remain virtually
unchanged over long periods.

Fiber parameters including differences in chemical
compositions and specifically fiber dimension are important
parameters in determining the toxicological and pathological
consequences of asbestos exposure. According to the World
Health Organizations (WHO), current regulations focalize as per
following fiber definition:
WHO fibers = any particle that has Fiber length >5µm and
Fiber width < 3 µm, Aspect ratio > 3:1

In order to assess the toxic potential of asbestos fibers, recent
studies showed that several air samples collected in buildings
with asbestos-containing material contained short asbestos
fibers (SAF) in a concentration of ≥10 fibers L¯¹. In the literature,
SAF is less pathogenic than long asbestos fibers (LAF). The
presence of SAF in air samples appears as an indicator of the
degradation of asbestos-containing material [2]. OSHA Standards
indicates that 0.1 fibers per cubic centimeter (f/cc) is ‘safe’ for
asbestos workers. The National Institute for Occupational Health
and Safety (NIOSH) states that all levels of asbestos exposure
have demonstrated asbestos-related disease. OSHA admits in
its Asbestos Final Rule, that the 0.1 f/cc level leaves a remaining
significant risk.

Mutagenesis plays an important role in the development
of asbestos-induced neoplasms but not in benign conditions
[3]. However, this does not rule out the role of factors such as
inflammation, cellular toxicity, and oxidative stress as these
mechanisms of action are involved in the induction of nonneoplastic diseases as well. Substantial evidence suggests the
role of oxidative stress in the etiology of pulmonary fibrosis
[4] and mesothelioma [5]. The DNA damage caused by asbestos
fibers was thought to be a result of mechanical interference to
chromosome segregation caused by these fibers during the
process of mitosis [6]. However, the current belief is that DNA
damage is a result of the oxidation that occurs after sustained
inflammation and subsequent reactive oxygen species (ROS)
production. A combination of genetic and environmental
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factors has been implicated in the development of malignant
mesothelioma. The Simian virus 40 T antigens has been found
in most mesotheliomas and thus believed to be involved in the
etiology of the disease [7]. The inhaled asbestos fibers move
downwards into the lungs and eventually reach the pleural
surface, where macrophages interact and engulf the asbestos
fibers. The phagocytosis of elongated fibers of asbestos is
thought to lead to ROS production and cytokine release, which
contributes to DNA damage and subsequent transformation of
mesothelial cells [8].

Occupational Toxicology

Although asbestos has been totally banned in over 60
countries, some nations still allow its use for certain products
if certain specific regulations are adhered to. Workers and the
general public can still be exposed during incorrectly performed
removal procedures or in old buildings with degraded asbestoscontaining materials. As a result of its desirable properties and
low cost, asbestos has been widely used in a very large number of
applications and commercial products.
Asbestos is a fibrous silicate mineral extracted from below
Earth’s surface using industrial mining techniques. Once mined
from the ground, it gets refined and developed into industrial
materials. The major producers of asbestos include China, Brazil,
Kazakhstan, and Russia. The Clean Air Act of 1970, U.S. federal
law classified asbestos as a hazardous air pollutant and gave the
Environmental Protection Agency authority to set regulations on
the use, management and removal of asbestos. About 1.3 million
workers in the United States are still exposed to asbestos at their
workplaces, and therefore, asbestos continues to be a health
hazard.

Discussion

Epidemiologic studies of asbestos-exposed workers indicate
that the deposition of inhaled asbestos fibers mainly occurs in
lung tissue leading to the development of pulmonary disease
including asbestosis, lung cancer, mesothelioma of the pleura or
peritoneum. The signs and symptoms of malignant mesothelioma
have been reported with a latency period very rare of less than 15
years and a median latency of 30 to 49 years [9].

Most of the meta-analyses and reviews published in the past
four decades failed to clarify the relationship between asbestos
exposure and the risk of gastrointestinal cancers involving
the esophagus, stomach, intestines, and colorectal region [510]. Recent evidence indicates that asbestos exposure may
have increased the risk of cancer in the gastrointestinal tract
in some groups of asbestos workers [10]. Furthermore, certain
studies did establish a positive link between asbestos exposure
and gastrointestinal cancer [11-18]. Asbestos exposure related
stomach cancer has been well documented [19-23], and also there
has been evidence of an association between asbestos exposure
and colon and esophageal cancer. In a 2013 study, an increased
risk of gastrointestinal cancer was detected among chrysotile
miners in China [25]. A total of 285 cases of colorectal cancer
were found to be linked to asbestos exposure thus confirming
the well-established relationship between asbestos exposure
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and peritoneal cancers [24]. In addition, studies have suggested
that asbestos fibers that have been inhaled can get translocated
from the lungs to other organs including brain, liver, and kidney;
however, fibers have been demonstrated only in the pleura and
peritoneum [25,26]. It can be concluded that asbestos-related
stomach cancer that develops after occupational exposure has
been best validated to date [27-30].

Asbestos fibers can migrate downward through the
diaphragm into the abdominal cavity. If ingested, asbestos fibers
can locate in different parts of the gastrointestinal tract, in colonic
tissue specifically. These fibers make their way into the kidneys
causing scarring and therefore cancer. A strong correlation
between occupational asbestos exposure and kidney cancer
emerged when asbestos fibers were found in the kidney tumor of
a 76- year- old man who used to cut asbestos cement panels at his
workplace [31]. Additionally, he had also developed malignant
peritoneal mesothelioma. The cancer had not metastasized to
his kidneys, meaning that the two cancers were unrelated in this
respect, but both were caused by asbestos exposure. Notably,
recent studies have also linked asbestos exposure to cancer of
the larynx [32] and ovaries [33-38].
Several factors determine a diagnosis of an asbestos-related
disease, including the patient’s possible exposure history,
symptoms and test results. Getting a proper diagnosis from a
specialist preferably specialized in asbestos-related diseases
holds the potential to assure a new lease on life.

Concluding Remarks

At any life cycle stage, organisms can be exposed to various
kinds of toxicants. Humans, throughout their development, have
been exposed to various toxic environmental agents through
air, soil, water and food. Asbestos-related diseases are prime
examples of environmentally-related illnesses and significant
occupational and public health concern. In the U.S. asbestos kills
between 12,000 - 15,000 people per year. An estimated 107,000
people worldwide die each year from occupational asbestosrelated lung cancer, asbestosis, and malignant mesothelioma
[39-40].

Environmental contamination with asbestos was recognized
as a serious issue; therefore, health risk warnings and
recommendations concerning the need for control are required.
Currently, exposure to chrysotile type of asbestos either in pure
form or contaminated with tremolite is predominant. Extending
the life of a patient with asbestos-related illness mainly depends
on correct and early s diagnosis. Anyone with a history of
asbestos exposure should take special note of their symptoms
and immediately seek medical attention.
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