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ABSTRACT

Asbestos is a general name given to a group of carcinogenic and genotoxic fibrous silicate minerals that
have been of commercial values over the years. They include chrysolite, amosite, crocidolite, tremolite,
actinolite and anthrophylite. Because of their special properties such as flexibility, tensile length, heat stability
and resistivity to chemical, electrical, thermal and biological attacks, asbestos fibres have been used as
components of several construction, building and automotive materials. This materials when disturbed,
during home redecoration, demolition, renovation and automobiles repairs, release asbestos fibres into the
atmosphere leading to both residential and occupational exposure. Measured concentration of fibres has
been found to be higher in urban areas (especially those in close proximity with asbestos industries which
may include mining and demolition sites) than in rural areas. Several studies have linked asbestos exposure
to several serious health challenges such as lung cancer, mesothelioma, asbestosis, and other respiratory
diseases. Although the main mechanisms through which asbestos can lead to diseases are not fully
understood, three hypotheses have been made. These include alterations at the chromosomal level,
activation of oncogenes, loss of tumour suppressor genes, alterations in cellular signal transduction
pathways, generation of reactive oxygen and nitrogen species, and direct mechanical damage to cells from
asbestos fibres. This article reviews briefly the ways by which the general public (occupational and non-
occupational) can be exposed to asbestos and its most recent pathogenic mechanisms leading to malignant
and non-malignant disease conditions.
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INTRODUCTION

Asbestos is the generic name given to a commercially and legally defined group of six naturally occurring fibrous
silicate minerals that have current or historical commercial usefulness. They are used in products such as roofing
shingles, water supply lines, fire blankets and insulation materials, as well as clutches and brake linings, gaskets and
pads for automobiles, due to their extraordinary tensile strength, poor heat conduction and relative resistance to
chemical attack (ATSDR, 2016; WHO, 2018).

Currently, about 125 million people in the world are exposed to asbestos at the workplace which has been
linked to the estimated global deaths of about 107000 yearly IARC 2012; WHO, 2018). WHO (2014) reported
that the burden of asbestos-related diseases is still rising, even in countries that banned the use of asbestos in the
early 1990s because stopping the use of asbestos resulted in a decrease in the number of asbestos-related deaths
only after a number of decades due to its long latency periods.
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Table 1. Chemical Compositions and Characteristics of Asbestos Fibres

Name Composition Morphology

Chrysotile MgSiyO10(OH)s Cutly, pliable

Crocidolite Nay(Fe3h2(Fe2";SisO22(OH)» Rodlike, durable
Amosite (Fe, Mg)7Si3022(OH)2 Rodlike, durable
Anthophyllite (Mg, Fe)7S8is022(OH) Rodlike, durable
Tremolite CaxMgsSisO2(OH), Rodlike, durable
Actinolite Cax(Mg, Fe)sSi802,(0OH), Rodlike, durable

Source: Nagoya (2009)

Two main types of asbestos fibres are the serpentine; which member includes only chrysotile (also called the
blue asbestos), and the amphibole; which members include Amosite, crocidolite (also called blue asbestos),
tremolite, actinolite and anthophyllite — with chrysotile being the most commonly commercially used form of
asbestos (WHO, 2014). However, the amphiboles composing of brittle, rod- or needle-shaped fibers are more
hazardous than chrysotile when inhaled or ingested (WHO, 2014). According to HSE (2018), inhalation of asbestos
fibres can cause a number of serious diseases most of which affect the lungs or pleura (the external lining of the
lung); these include a number of forms of cancer and chronic conditions such as asbestosis and pleural thickening
(mesothelioma). This article briefly reviews the various routes of exposure of the general public (occupational and
non-occupational) to asbestos and its associated disease conditions.

COMPOSITION AND CHARACTERISTICS OF ASBESTOS

The amphibole and serpentine minerals occur both as asbestiform (fibrous) and nonasbestiform (massive)
varieties of identical chemical composition. Chrysotile is a hydrated magnesium with individual fibrils having a size
of 20—40 nm and when crushed, chrysotile ore produces fiber bundles consisting of variable numbers of aggregated
individual fibrils — which have varying lengths that may exceed 100 mm (Nagoya, 2009).

Typically, chrysotile fibers exhibit a curved, curly, or wavy morphology that influences the interceptive
deposition of chrysotile fibers, which in turn, affects the depth of penetration into the lower respiratory tract. The
amphiboles are with a wide range of cation substitutions within the silicate backbone of the crystal structure. The
predicted formulas of the asbestiforms (of both serpentine and amphiboles) are shown in Table 1.

HUMAN EXPOSURE

According to IARC (2012), inhalation and ingestion are the primary routes of exposure to asbestos. Dermal
contact is not considered a primary source, although it may lead to secondary exposure to fibres, via ingestion or
inhalation. The degree of penetration in the lungs is determined by the fibres diameter, with thin fibres having the
greatest potential for deep lung deposition (NTP, 2005). Human exposure to asbestos can occur when asbestos-
containing material (man-made or natural) is disturbed releasing asbestos fibers into the air (ATSDR, 2016). This
could mean that asbestos embedded or contained in undisturbed solid materials presents a negligible risk of
exposure.

Exposure of the General Population

Inhalation of asbestos fibres from outdoor air, and to a lesser degree in indoor air, is the primary route for the
non-smoking general population. Exposure may also occur via ingestion of drinking-water, which has been
contaminated with asbestos through erosion of natural deposits, erosion of asbestos-containing wastes sites,
corrosion of asbestos-containing cement pipes, or filtering through asbestos-containing filters. Families of
asbestos-workers may be exposed via contact with fibres carried home on hair or on clothing (IARC, 2012). Studies
have shown that chrysolite is the predominantly detected asbestos in outdoor air, with higher measured
concentration (10-fold higher) in urban locations, and 1000 times higher in close proximity to industrial sources
of exposure (including asbestos mine or factory, demolition site, or improperly protected asbestos-containing waste
sites) than in rural locations (with typical concentration of 10 fibres/m3) (ATSDR, 2001). In indoor air (e.g. in
homes, schools, and other buildings), measured concentrations of asbestos are in the range of 30-6000f/m3.

Occupational Exposure

Globally each year, an estimated 125million people are occupationally exposed to asbestos (WHO, 20006). This
exposure (by inhalation, and to a lesser extent by ingestion) occurs in the mining and milling of asbestos, the
manufacturing or use of products containing asbestos, construction, automotive industry and the asbestos-
abatement industry (IARC, 2012). Despite the evidence by OSHA and MSHA indicating a reduction in
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occupational exposures in the USA over the past several decades, report by Rice and Heineman (2003) indicated
that the nature of occupational exposures to asbestos has changes, with maintenance activities and remediation of
buildings that contain asbestos being the current occupational exposures. It is worthwhile to suggest that, since
asbestos is also contained in materials such as vehicle parts, textiles, plastics and other minerals contaminated with
asbestos (e.g. talc), workers in these industries are in higher risk of exposure.

PATHOGENESIS OF ASBESTOS

NIOSH (2011a) enumerated fibres size, bio-persistence, chemical composition, and particle surface
characteristics as the main determinants of asbestos toxicity. ATSDR (2016) elucidated that the presence of
asbestos fibres in the lungs sets off a variety of responses leading to inflammation, cell and tissue damage, which
can lead to malignant and nonmalignant diseases. Extensive epidemiological studies have established associations
between asbestos exposures, lung cancer, mesothelioma and other respiratory diseases IARC, 2012). The toxic
effects of asbestos inhalation depend on the cumulative dose, the time of initial exposure, and both the physical
and chemical properties common to the different asbestos fibres (Kamp, 2009). Upon exposure, amphibole fibres
— which are uniform in distribution and arrangement, align parallel to the axis of airflow and typically deposit in
alveolar ducts; whereas serpentine fibres, which are heterogeneous in arrangement, have a mixed flow pattern and
will usually deposit in airway bifurcations (Steele, 2011). Fibres that land in ciliated portions of the airways are
typically removed via the mucociliary escalator and do not result in lung injury IARC, 2016). Amphiboles asbestos
(particularly amosite and crocidolite) are thought to be more harmful to human health than serpentine asbestos
(NIH, 2009).

The precise mechanisms to explain asbestos fibre toxicity are pootly understood and may be a consequence of
the differential deposition pattern, surface reactivity, or biodurability of these fibres. Three pathogenic pathways
are hypothesized to induce asbestos-related diseases. These include inflammation, apoptosis, and oxidative stress.
Shortly after contact with asbestos fibres, the first cells that come into contact with inhaled asbestos fibres
(epithelial cells lining the airways and alveoli) are directly injured (Solbes and Harper, 2018). This injury has been
shown to occur through both cytolytic and non-cytolytic mechanisms in humans. Increased permeability of the
epithelium can lead to fibrosis through increased movement of inflammatory mediators from the alveoli into the
interstitium and by causing collapse of small airways and alveolar ducts (Wright et al., 1992). In the alveolar duct,
alveolar macrophages phagocytise the fibres, after which they are transported along a microtubule network to the
perinuclear region inducing further inflammation and damage (Cole et al., 1991).

In addition to direct mechanical injury, generation of reactive oxygen species (ROS) through various
mechanisms that induce further damage has also been reported prior to asbestos exposure. One mechanism is a
direct effect from the asbestos fibres themselves; where iron on the asbestos fibres serves as a catalyst for the
Fenton reaction, which generates a highly toxic hydroxyl radical from hydrogen peroxide (Nagoya, 2009). Besides
damage to cells, ROS can cause DNA strand breakage in mesothelial cells, which can increase the risk of developing
malignancy (Sekido, 2013). There is also evidence that reactive nitrogen species (RNS), in addition to ROS, play a
role in asbestos-related lung injury. Inhaled asbestos fibres can induce the activity of inducible nitric oxide synthase
in alveolar macrophages, A549 cells (a cell line derived from a human lung cancer cell line), and mesothelial cells.
The nitric oxide can then interact with Oz to form peroxynitrate INOOO), which is a potent oxidizing compound
(Choe, 1998; Thomas et al., 1994); although precise mechanisms leading to lung injury are uncertain. Asbestos has
been found to be active in signal transduction pathways in lung epithelial cells and mesothelial cells important for
fibrosis or malignant transformation (Yanssen et al., 1995). Numerous cell membrane-mediated signal transduction
pathways are regulated by activation of phospholipase C or D, resulting to increased intracellular calcium and
increased protein kinase C (PKC) activity. PKC translocates to the cell membrane when activated and mediates
numerous cellular functions, including regulation of gene expression, cellular growth, cellular shape, and epithelial
permeability (Winter et al., 1990). Asbestos has also been shown to activate tyrosine kinases, which promote cell
proliferation, growth factor signal transduction, and alterations in cell-cell adherence (Christe, 2009; Kramp, 2009;
Solbes and Harper, 2018). The proposed mechanisms outlining the major responses initiated by asbestos fibres
exposure in the lungs tissue are shown in Figure 1. Similarly, asbestos exposure is associated with activation of
oncogenes and loss of tumour suppressor genes (Solbes and Harper, 2018). Oncogenes play a central role in cell
proliferation and cell transformation.

© 2019 by Author/s 3/7



Zephaniah and Aremu | Asbestos: A Threat to global Health

A Asbestos Fibre o

g -\.,\ *
el Proliferation of Fibroblasts

!

Inhalation

= Cell Damage 5 Fibronectin = Growth Fa-::tnr
Reactive Oxygen Species
7 \ / Hydrogen Peroxide
— Fibrosis & *
g = Tissue Damage
2 g::oﬂ'e""' - Macrophage Enguifs Foreign Fiber
Urokinase _y. 6 ‘
:F::minngen P Plasminogen 4
vator . :

Rec Activator Deposited Fibres

s Y xv \/“°

3

i R
Respiratory Bronchicles "I ] .

Deposited Macrophage

{il} Fibres Endothelial & Smooth Muscle Cells of

Proteinaceous > Arterioles and Venules
REDOX Iron-Containing
Active * Mucopolysaccaride
Asbestos Body

Figure 1. Mechanism outlining the major responses initiate by asbestos fibres exposure in the lungs tissue (Christe,

2009; Kramp, 2009)

DISEASES ASSOCIATED TO ASBESTOS EXPOSURE

Depending on the level and duration of exposure, inhalation of asbestos fibers can cause different diseases such
as asbestosis, malignant mesothelioma and lung carcinoma (ATSDR, 2016).

Asbestosis

Asbestosis is a diffuse pulmonary fibrosis caused by the inhalation of excessive amounts of asbestos fibres. It
is a chronic and irreversible non-malignant asbestos-related disease in which symptoms typically start to develop
several decades after exposure; these often progress to seriously affect normal daily activity and can lead to various
complications which can be fatal (HSE, 2018). Asbestosis typically occurs in individuals with prolonged and heavy
exposure to asbestos, and the disease may progress even after exposure has ceased. The diagnosis of asbestosis is
usually based on the exposure history, clinical findings, and radiographic features. Asbestos fibres inhaled deep
into the lung become lodged in the tissue, eventually resulting in diffuse alveolar and interstitial fibrosis. This
fibrosis, according to IK(han et al. (2004) can lead to reduced lung volumes, decreased lung compliance, impaired
gas exchange, restrictive pattern of impairment, etc. Patients with asbestosis may have elevated levels of antinuclear
antibody and rheumatoid factors and a progressive decrease in total lymphocyte count with advancing fibrosis

(ATSDR, 2016).
Mesothelioma

Mesothelioma is a malignant cancer that principally affects the pleura and the peritoneum, which takes many
years to develop following the inhalation of asbestos fibres. Its symptoms are typically non-specific and appear late
in the development of the disease — becoming almost always fatal, and often within twelve months of symptom
onset (HSE, 2018; Karen, 2018). Mesothelioma has been reported to have a strong relationship with asbestos that
annual cases give a particularly clear view of the effect of past exposures, and as the disease is usually rapidly fatal
following disease onset, the number of annual deaths closely approximates to the annual number of new cases
(HSE, 2018). Pleural mesothelioma has been accounted for about 80%, while peritoneum mesothelioma accounts
for about 20% of mesothelioma cases (Khan et al., 2013). Patients with malignant pleural mesothelioma can have
sudden onset of pleural effusion and/or pleural thickening, dyspnea, and chest pain. The risk of mesothelioma
depends on the amount and duration of asbestos exposure (CCOSH, 2018) and all types of asbestos can cause
mesothelioma, but some researchers believe that the amphibole form is more likely to induce mesothelioma than
the serpentine form (ATSDR, 2001; 2016). There has been rapid increase in annual deaths in Britain over the last
50 years, as a consequence of mainly occupational asbestos exposures that occurred because of the widespread
industrial use of asbestos during 1950-1980 (HSE, 2018).
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Table 2. Predicted 15-year cumulative mortality arising from mesothelioma (1994-2008) in some developing

countries using asbestos but not reporting mesothelioma frequency
Cumulative use of asbestos Predicted Cumulative

Country (tons), 1920-1970 mortality (n) 95% CI
Zimbabwe 122,595 447 323-617
Algeria 90,005 337 238-477
Swaziland 87,868 329 232-468
Morocco 55,697 217 147-321
Nigetia 34,443 140 91-216
Democratic Republic of Congo 22,579 95 59-153
Uganda 18,139 78 47-128
Zambia 15,607 68 41-113
Mozambique 14,566 64 38-107
Angola 14,378 63 37-106
Tunisia 9,724 44 25-77
Kenya 3,153 16 8-31
Botswana 1,163 6 3-14
Senegal 799 5 2-10
Libya 540 3 1-7

Adapted from Park et al. (2011)

Lung Carcinoma

After tobacco, asbestos is one of the most common causes of lung cancer, which usually has no specific clinical
signs associated with particular causes and so it is very difficult to be sure about the causes of individual cases.
However, the overall proportion of annual deaths that are attributable to past asbestos exposures can be estimated
from epidemiological information. Lung cancer is still typically fatal within a few years of diagnosis and so, as with
the mesothelioma, the number of annual deaths is similar to the annual incidence of new cases (HSE, 2018).
According to the 2004 Surgeon General Report on smoking, men with a lifetime of smoking have a 16 percent
higher risk of dying from lung cancer over their lifetimes than those who do not smoke (IARC, 2012). It is
estimated that 4-12% of lung cancers are related to occupational levels of exposure to asbestos (Henderson et al.,
2004). Whether asbestos exposure will lead to lung cancer depends on several factors such as: level, duration, and
frequency of asbestos exposure (cumulative exposure), time elapsed since exposure, age when exposure occurred,
and of tobacco use (ATSDR, 2016; Henderson et al., 2004).

Epidemiological studies showed that of specific groups of workers that have heavy asbestos exposure in the
past have typically estimated a greater number of lung cancers attributed to asbestos than there were mesotheliomas
(McCormack et al., 2012). However, other studies that are more representative of the British population as a whole
provide the best basis for estimating the overall number of asbestos-related lung cancers. Such evidences by
Darnton et al. (2005) and Gilham et al. (2015) suggest that there are around as many lung cancer cases attributed
to past asbestos exposure each year as there are mesotheliomas, though this estimate is uncertain.

An expectation by HSE (2018) is that there will be fewer asbestos-related lung cancers per mesothelioma in the
future as a consequence of reductions in both asbestos exposure and smoking prevalence in past decades.

In recent years there have been (on average) around 275 new cases of asbestos-related lung cancer each year,
with 180 reported in 2017, within the Industrial Injuries Disablement Benefit (IIDB) scheme and around 80 cases
identified by chest physicians each year within the Health and Occupation Reporting (THOR) scheme, with 41
estimated cases in 2017 (HSE, 2018).

CONCLUSION

Nobody is completely safe from asbestos exposure and its associated dangers because everyone lives in a home,
either goes to school or work, and lives in an urban or rural locations where measured concentrations of asbestos
(low or high) is present. No matter how very low is the level of exposure, asbestos has been found to be dangerous
to the human body.
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