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Occupational medicine

Asbestosis and silicosis

Gregory R Wagner
Interstitial fibrosis resulting from workplace exposure to asbestos and crystalline silica persists throughout the world
despite knowledge of the causes and effective means for prevention. Asbestosis and silicosis occurrence is
predictable among people overexposed to dusts in various industries and occupations such as mining, construction,
manufacturing, and building maintenance. Asbestosis and silicosis are incurable and may be progressive even after
dust exposure has ceased, therefore early recognition and supportive interventions are important. Although current
disease is a result of past exposures, effective control of current workplace exposures is the only way to prevent
continued occurrence of these potentially debilitating diseases. Physicians can contribute to this effort through
accurate diagnosis and disease reporting.
Asbestosis and silicosis are chronic non-malignant lung
diseases caused by inhalation of hazardous dusts found in
a variety of workplaces. They persist despite substantial
knowledge about their causes and effective means for
their prevention. Asbestosis has been recognised
throughout much of this century,1 and lung disease from
silica exposure has been reported for hundreds of years.
Since both diseases can occur years after initial exposure,
there is a tendency to ascribe current disease incidence to
historical workplace conditions. However, modern
technologies used in the absence of modern controls
continue to pose health risk and allow persistence of these
diseases.

Surveillance and epidemiology
There is no uniform international surveillance and
reporting of asbestosis or silicosis. National information
about disease incidence, prevalence, and trends is sparse,
lacking in comparability, and difficult to obtain. In the
USA between 1979 and 1992, 4882 death certificates
listed silicosis as an underlying or contributing cause of
death. 8761 death certificates listed asbestosis during that
period. The number of death certificates that mention
silicosis has decreased during the past 25 years, whereas
the number mentioning asbestosis has risen steadily.2
Silicosis mortality rates calculated for various European
countries ranged from 0·91 per 100 000 men in the UK
to 7·36 per 100 000 men in Belgium during the period
1985–86.3 These rates are in the same range as those of
deaths from sarcoidosis (0·49 per 100 000 in 1992) or
chronic liver disease (7·9 per 100 000 in 1993) in the
USA. General population mortality rates are not
necessarily illuminating for purposes of comparison, since
information about the number of people at risk of disease
from work is not available. Surveillance for silicosis in
four States in the USA identified 447 new cases between
1988 and 1992.4 The number of cases captured in any
surveillance system is an underestimate, because many
cases are undiagnosed.
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The epidemiology of asbestosis was reviewed by
Becklake in 1992.5 Exposure-response relations between
fibre exposure and pulmonary fibrosis have varied widely
across industries and occupations, consistent with
theories that health risk can be modified by processspecific factors. By contrast, exposure-response estimates
for silicosis risk in various populations fall in a narrow
range.6

Exposure settings
The continued occurrence of new cases of silicosis and
asbestosis is due, partly, to the diversity of settings in
which hazardous exposures continue. Too often,
employers fail to recognise and control the hazard,
workers are unaware of the risk, and workplace inspectors
fail to take samples and to enforce current exposure
limits.

Silica
Exposure to crystalline silica—and hence the risk of
silicosis—is well recognised in both surface and
underground mining, as well as tunnelling and quarrying.
The silicosis risk in the construction industry, although
substantial, is often unrecognised: quartz dust is created
in the drilling, digging, and blasting necessary for site
preparation, and also many construction materials, such
as cement, produce respirable crystalline silica when cut
Panel 1: Occupations and industries associated with silicosis
Occupations
Mining-machine operators
Labourers
Managers and administrators
Supervisors, precision
production occupations
Janitors and cleaners
Operators of moulding and
casting machines
Supervisors and proprietors,
sales occupations
Operating engineers
Machinists
Hand-moulding, casting, and
forming occupations

Industries
Coal-mining
Construction
Metal-mining
Blast furnaces, steelworks,
rolling and finishing mills
Non-metallic mining and
quarrying
Iron and steel foundries
Structural clay products
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or ground.7 Crushed stone contains varying amounts of
crystalline silica, which can be liberated as respirable
particles in milling, grinding, or in end use such as road
building or maintenance of railway tracks. Although
many industrialised countries severely restrict the use of
sand as an abrasive blasting agent, sand-blasting
continues in the USA.8 Use of non-quartz abrasives in
decoration or shaping of materials that contain granite or
other quartz can also pose health risk. Finely ground silica
(sometimes known as silica flour) is used as a component
of many products, including paints and toothpaste. There
is risk both in the silica-milling process and in its use.9
Panel 1 lists the occupations and industries most
commonly recorded on death certificates for people with
silicosis (among residents in selected USA States, aged
>15 years, 1991–92).

Asbestos
Asbestos has been used in more than 3000 commercial
products. World production and consumption of asbestos
peaked in the mid-1970s at around 5·0 million metric
tons, and has declined since to less than 2·5 million tons
in 1994.10 Although use of new asbestos has fallen
substantially in western Europe and north America,
consumption is increasing in countries with more rapidly
expanding economies.11 There is health risk to miners and
millers of asbestos, but the unprotected use of asbestoscontaining materials in manufacturing and construction
places more people at greater risk. Asbestos has valuable
thermal, electrical, and sound-insulating qualities, and
many workers have experienced substantial exposure in
the installation of various forms of insulation. Although
there has been much effort to limit exposure during
original installation, the maintenance, repair, and removal
of asbestos-containing material can liberate high levels of
respirable fibres. Buildings containing asbestos should be
demolished only with appropriate safeguards. There has
been much concern about the health risk to office
workers, teachers, and students in offices and classrooms
with asbestos in place, but the documented exposures are
orders of magnitude below those to maintenance and
custodial workers in whom asbestosis has been
documented.12 The health risk to building occupants
where asbestos is in good repair and undisturbed is not
considered to be significant. Panel 2 lists the occupations
and industries most commonly associated with deaths
from asbestosis (residents in selected USA States, aged
>15 years, 1991–92).

Disease descriptions
Silicosis
Silica occurs naturally in a variety of crystalline forms,
alpha quartz being the most common. Heat can convert
amorphous silica into more biologically active forms. The
quantity of inhaled crystalline silica, size distribution, and
surface characteristics of the dust may affect toxicity.
Freshly fractured silica created by grinding or abrasion
seems to have greater toxicity.13
Silicosis, the interstitial lung disease caused by the
pulmonary response to inhaled crystalline silica, is
described as chronic, accelerated, or acute. Chronic and
accelerated silicosis are pathologically similar and are
distinguished only by their time course. Chronic silicosis
generally appears 10 or more years from first exposure.
Accelerated silicosis may occur within 2 years of initial
1312

Panel 2: Occupations and industries associated with
asbestosis
Occupations
Plumbers, pipefitters, and
steamfitters
Electricians
Insulation workers
Carpenters
Labourers
Supervisors, managers
Boilermakers
Welders and cutters
Janitors and cleaners

Industries
Construction
Ship and boat building and
repairing
Chemicals and other manufacturing
Non-metallic mineral stone
products
Railways
General government
Yarn, thread, and fabric mills
Other rubber products, plastic
footwear, and belting
Trucking service

exposure. Both are characterised by the formation of
pathognomonic silica nodules in the lung parenchyma—
well-organised concentric central whorls of collagen
surrounded by inflammatory cells. In both chronic and
accelerated silicosis, the fibrotic nodules can coalesce into
larger lesions, denoted progressive massive fibrosis, which
distort and destroy the normal pulmonary architecture.
By contrast, acute silicosis develops rapidly after intense
exposure generally to fine particles of freshly fractured
crystalline silica. Acute silicosis has many features of
alveolar proteinosis rather than presenting as interstitial
fibrosis.

Asbestosis
Asbestosis is a fibrotic interstitial lung disease caused by a
cascade of responses to inhaled asbestos fibres.14 Under
usual exposure conditions, onset of radiographically
visible fibrosis rarely occurs earlier than 15–20 years from
first exposure. Although there are differences in the
mineralogical characteristics, patterns of translocation
after inhalation, and biological persistence of various
forms of asbestos fibres, all forms can cause interstitial
fibrosis and other associated diseases. In practice, much
of the asbestos in place in buildings and in use in general
industry includes various mineral species; therefore,
exposures tend to be to mixed fibre types.

Clinical presentation
There are no symptoms or physical signs uniquely
associated with the pneumoconioses. Asbestosis and
chronic silicosis are generally of insidious onset with
gradually progressive dyspnoea, at first noticeable only on
exertion and often attributed by the patient to ageing.
Cough, dry or with sputum production, may be present,
especially in current or former smokers and in those who
have worked in dusty environments. Sexual dysfunction is
common, although patients rarely associate this problem
with their pulmonary disease. Patients may be free of
symptoms, with abnormalities identified by chest
radiography during medical screening or surveillance
activities. In accelerated silicosis, there is a greater
probability of chest symptoms being present when the
radiographic abnormalities are first detected. Acute
silicosis can have a fulminant course with rapid
progression of dyspnoea, wasting, and exercise
intolerance.
Physical examination may be unremarkable with mild
disease. Persistent basilar crackles or râles, often at end
inspiration, are noted in many patients with asbestosis.
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Wheezing, particularly with forced expiration, is
associated with airways obstruction, and is non-specific.
Other non-specific physical signs of pulmonary
dysfunction (including clubbing of the fingers, cyanosis,
and right-sided congestive heart failure) may be observed
in patients with advanced disease.
Chest radiography is the primary diagnostic
investigation
permitting
recognition
of
the
pneumoconioses. Asbestosis presents with irregular linear
opacities, primarily at the bases and the periphery, which
gradually become visible in the mid and occasionally
upper zones of the lung. Other radiographic signs
resulting from asbestos exposure include circumscribed
pleural plaques (with or without calcification) or diffuse
pleural thickening, including blunting of the costophrenic
angle, and, rarely, a pseudo-tumour known also as
rounded atelectasis. Parenchymal fibrosis from asbestos
exposure can occur with or without pleural plaques. A
clinical diagnosis of asbestosis is generally made on the
basis of a credible history of asbestos exposure, a
reasonable delay between first exposure and detection,
and radiographic findings.15 Isolated pleural plaques,
otherwise unexplained, in an individual with remote
asbestos exposure are probably attributable to the
exposure and may be associated with exertional dyspnoea
and pulmonary dysfunction.16,17
Silicosis presents radiographically with small opacities,
more commonly rounded but occasionally irregular, in
the upper or mid zones of the lung. As disease advances,
opacities may become visible throughout all lung zones
and may become confluent. A diagnosis of progressive
massive fibrosis is made when one or more opacities of
length greater than 1 cm are present. Calcification of hilar
lymph nodes is seen occasionally.
Standard approaches to the recognition and description
of chest radiographic changes from mineral-dust exposure
are used in medical surveillance, epidemiology, and, at
times, in clinical practice. The most widely accepted
scheme is published by the International Labour Office
(ILO).18 This system provides a stepwise method for
assessment and description of the shape, size, location,
and profusion of opacities that may have resulted from
dust exposure. Radiographs are classified after
comparison with so-called standard radiographs, and the
results are recorded systematically. The system and its
limitations have been described elsewhere.19 There are
also conventions for classification of pleural abnormalities
and for recording of changes associated with other
diseases. The large opacities of progressive massive
fibrosis are classified by size.
10–20% of people with substantial asbestos or silica
exposure and associated pathological abnormalities have
chest radiographs classified within the ILO normal
range;20 thus, the plain radiograph is judged to be around
80% sensitive. Although the low level of non-specific
opacities associated with cigarette smoking may confound
recognition of abnormalities caused by asbestos exposure,
no association has been found between cigarette smoking
and grade of asbestosis at necropsy.21 Because of the
limitations of the chest radiograph, various other
diagnostic methods have been used. High-resolution
computed tomography shows promise.22
Tests of pulmonary function are not diagnostically
specific, but can provide important information about the
functional status of people with pneumoconiosis. No
single pattern of abnormality is found associated with
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either asbestosis or silicosis. Pulmonary-function tests can
help define and measure impairment, but none are
diagnostic of asbestosis or silicosis. Patients can show
restrictive, mixed, or obstructive patterns on spirometry
depending on the totality of their exposure history and
their individual response. Reductions in diffusion
capacity to carbon monoxide are common, especially in
asbestosis. These reductions can occur with normal chest
radiographs in exposed individuals.16
Bronchoalveolar lavage or biopsy, though useful in
research settings and for clarification of ambiguous
clinical presentations, is generally unnecessary for clinical
diagnosis and management of the patient.

Treatment
There is no effective treatment to reverse the course of
asbestosis or silicosis. Prevention of these diseases
through elimination of hazardous exposure conditions is
therefore of primary importance. The clinical approach
for people with pneumoconiosis is directed at elimination
of progression, amelioration of symptoms, improvement
of overall condition, and reduction of risk of associated
disorders.
Asbestosis and all forms of silicosis can progress even if
exposure ceases.6,23 Both are irreversible; however, some
epidemiological and laboratory investigations suggest that
early identification of disease followed by withdrawal
from exposure may lead to more favourable long-term
outcomes.24 Since the risk of either disease relates largely
to the cumulative exposure to respirable hazardous dust,
removal from continuing exposure seems likely to provide
some measure of protection against progression. Evidence
for this assumption is sparse, however, since the
variability in disease and ethical considerations would
make a structured investigation of this issue difficult.
Continued exposure to the causative agent seems
imprudent; however, when cases of disease are
manifested primarily by chest radiographic abnormality
with little or no pulmonary dysfunction, a patient may
wish to make an informed choice to continue his or her
normal employment while using the maximum amount of
environmental and personal protection available.
The approach to management of these patients does
not differ from that for patients with other chronic
pulmonary diseases. Vaccination against pneumococcal
pneumonia and influenza, mobilisation of secretions,
bronchodilator administration, nutritional advice,
breathing retraining, home oxygen therapy, and graded
exercise all may be helpful in some patients. All current
smokers should stop smoking.
Pharmacological approaches have not yet proven
beneficial in arresting or reversing progression of fibrosis,
although there remains active research interest in these
measures. Whole-lung lavage to remove retained dust is
being investigated as a therapy for people with moderate
to severe silicosis, but its use remains experimental as
yet.25 Lung transplantation has been done for a few
patients with severe advanced disease.

Associated disorders
The most ominous diseases associated with asbestos
exposure are cancers of the mesothelium or lung, even in
the absence of fibrosis on chest radiography.26 The risk of
mesothelioma is unrelated to tobacco use, and no
modifiable risk factors have been discovered. Tobacco
1313
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Panel 3: WHO recommendations for health screening and
public-health surveillance of workers exposed to asbestos or
silica
Silica (crystalline quartz) dust exposure
Chest radiograph: at baseline, after 2 or 3 years of exposure, then
every 2–5 years
Spirometry and an updated symptom questionnaire: annually after
the preplacement examination; alternatively they should be done at
the same frequency as chest radiography.
Health surveillance should be lifelong.
Asbestos exposure
Chest radiograph: at baseline, then every 3–5 years for workers with
less than 10 years since the first asbestos exposure; every 1–2
years for workers with longer than 10 years since first asbestos
exposure; and annually for workers with longer than 20 years since
first exposure. (Frequency may be adjusted depending on the age of
the worker and the intensity and duration of dust exposure.)
Respiratory symptom questionnaire, physical examination, and
spirometry: annually; alternatively, they should be done at the same
frequency as chest radiography.
Health surveillance should be lifelong.

use seems to increase lung-cancer risk synergistically in
asbestos workers. This risk can be reduced over time
through smoking cessation. Diligent and continuing effort
must be directed toward that goal in all smokers.
Lung-cancer risk is increased in people with silicosis.27
The International Agency for Research on Cancer has
lately determined that respirable crystalline silica found
in the workplace is carcinogenic to human beings
and categorised it as a group 1 carcinogen
(http://www.iarc.fr./publications/vol68.htm).28
A risk of other cancers, particularly of the
gastrointestinal tract, has been associated with asbestos
exposure in some but not all studies. This association is
biologically plausible, since fibres cleared through
mucociliary action are ingested.
Exudative pleural effusions not associated with a
malignant disorder generally occur (if at all) within 15
years of first exposure to asbestos. They may resolve
spontaneously, leaving visible blunting of the
costophrenic angle and, in some cases, visceral pleural
thickening that may itself be associated with pulmonary
dysfunction. Hyaline plaques on the parietal pleura, in
some cases calcified, are also a result of asbestos
exposure. Thickened pleura can compress adjacent lung
parenchyma, forming what appears to be an isolated
lesion or pseudo tumour.
Silicosis (and possibly silica exposure without
radiographically visible silicosis) is associated with
increased rates of infection with Mycobacterium
tuberculosis.29 Non-tuberculous mycobacterial infection
also occurs. 30 Rheumatic diseases, particularly
scleroderma, and chronic renal disease are more common
among individuals exposed to silica than in the general
population.31,32

frequently, and processes changed when harmful levels of
dust are present. Where exposure is intermittent and
unavoidable, as in building maintenance and repair,
respiratory protection by personal respirators (provided as
part of a comprehensive programme of fit testing and
training), may be a useful adjunct to proper work
practices.33 If there is concern because of friable asbestos
in public buildings, offices, or schools, environmental
measurements should be taken and appropriate remedialaction plans instituted. Because encapsulation or removal
of asbestos can generate high concentrations of fibres,
workers involved in these activities should receive specific
training. Some countries require certification of asbestosabatement workers. In the USA, regular health
assessment is required for workers exposed to asbestos. 34
Recommendations of a WHO expert committee for
health screening and public-health surveillance of workers
exposed to asbestos or silica are shown in panel 3. These
recommendations assume that workers are free of
symptoms or signs of disease, and that effective exposure
controls are in place.35
Exposure to high levels of asbestos or respirable quartz
is more common than understanding of the risk, therefore
many patients present to physicians without knowledge of
the source of disease. New cases of silicosis and asbestosis
should be viewed as sentinel health events, worth
reporting to public-health authorities to stimulate
workplace investigations. Even though there is a long
time between first exposure and disease recognition,
hazardous exposures may continue in current workplaces
of people with disease.36 In the USA, the Council of State
and Territorial Epidemiologists has recommended that
silicosis be added as a condition reportable to the
National Public Health Surveillance System. There is
voluntary or mandatory public-health reporting in some
countries. In addition, physicians may have specific
responsibilities to report occurrences of occupational
disease through programmes designed for compensation
of injured workers.

Conclusion
Asbestosis, silicosis, and associated disorders are
generally refractory to medical intervention. Cases of
asbestosis and silicosis seen now are the result of the
failure in the past to apply available information to
prevent disease. Despite progress in many industries and
occupations, current workplace conditions will inevitably
lead to future disease unless a comprehensive and
continuing commitment is made to exposure control.
Physicians can contribute to disease prevention through
accurate diagnosis and reporting of these conditions and
through effective health communication.
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