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Preface

Screening and surveillance are two complementary tools used by public
health professionals to follow the status of and trends in the health of
various populations. These tools enable health professionals to identify
problems, assess them and plan appropriate interventions. Both screen-
ing and surveillance are of particular significance for occupational
health professionals responsible for assessing the health of people at
risk for disease as a result of exposure to hazards in the workplace.

Screening and surveillance provide information on the health of
working populations and contribute to the collation of national occupa-
tional health statistics. Moreover, such information is necessary for the
planning and implementation of occupational health and safety pro-
grammes directed at the reduction of harmful exposures, improvement
in working conditions and prevention of occupational diseases and
injuries. As these efforts are international in scope and are carried out
under a variety of conditions, they can benefit from a harmonization of
definitions, approaches and methodologies.

In response to this need, the World Health Organization (WHO)
initiated a project resulting in the present publication. A meeting of an
international group of experts (see Annex 1 for a list of participants)
was held, where a consensus was reached on the need for and methods
of screening and surveillance of workers exposed to mineral dust, and a
draft text of the current publication was discussed and revised.

The first part of this publication provides the reader with definitions
of screening and surveillance and describes the main elements of such
programmes. The second part describes in greater detail practical as-
pects of the screening and surveillance of working populations exposed
to selected mineral dusts. It is hoped that this publication will encour-
age the implementation of appropriate screening and surveillance
programmes in WHO Member States.

Occupational respiratory diseases, particularly those induced by
inhaling mineral dust, are prevalent in developing as well as many
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PREFACE

developed countries. Although the health impact of the so-called “silent
epidemic” of occupational respiratory disease is significant, to know its
true magnitude requires an improvement in diagnostic criteria and
notification and reporting systems, all components of the screening and
surveillance of working populations. In this respect, the present publica-
tion, written with the practitioner in mind, provides information that is
useful for all health professionals, but particularly for occupational
physicians, epidemiologists, occupational nurses, occupational hygien-
ists and others like primary health care workers who are dedicated to
protecting and promoting the health of working populations.

Itis my great pleasure to acknowledge the work of all the experts who
participated in the WHO Meeting on the Screening and Surveillance of
Workers Exposed to Mineral Dust. In particular, I would like to thank
Dr M. R. Becklake, who chaired the meeting and made valuable contri-
butions to the manuscript, and Dr G. R. Wagner, who drafted the
manuscript, served as rapporteur at the meeting and subsequently
finalized the text. The contribution of the International Labour Office
(ILO) and its representative Dr M. Lesage and the technical and
financial support given by the National Institute for Occupational Safety
and Health (NIOSH) in the United States are gratefully acknowledged.
Special thanks are also offered to Dr F. He, the scientific coordinator of
the project.

M. 1. Mikheev

Chief, Occupational Health
World Health Organization
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CHAPTER 1
Introduction

Diseases caused by exposure to mineral dust persist in both developed
and developing countries despite substantial knowledge about the
means of their prevention. Disease prevention can be achieved by the
application of engineering techniques that limit workers’ exposure to
mineral dust. Such technologies can also be supplemented by adminis-
trative strategies and by the use of personal protective equipment. An
optimal distribution of public health resources would emphasize pri-
mary prevention through exposure control. Medical screening and
surveillance are secondary strategies which are, however, integral parts
of a disease prevention programme.

Exposure to mineral dust occurs in a variety of circumstances. Work-
ers subject to exposure may be engaged in mineral extraction, refining
and use, as well as in quarrying, tunnelling and construction. The social,
political, public health and economic context in which exposure to
mineral dust occurs is also diverse. Any programme for screening and
surveillance of workers exposed to mineral dust should reflect the
physical as well as the general legal and economic environment in which
it is established.

This monograph provides information that would be useful for
the establishment of an effective health screening or surveillance
programme. The screening and surveillance of workers exposed to
mineral dust are considered within the framework of generally accepted
principles for screening and surveillance programmes. These principles
are reviewed, and specific approaches to the screening and surveillance
of workers exposed to mineral dust are then discussed.

Chapter 2 distinguishes screening from surveillance and describes
the objectives and methods of each. In Chapter 3, important consider-
ations for the design and implementation of screening programmes to
identify the toxic effects of workplace exposure to mineral dust are
reviewed. Chapter 4 enumerates the specific elements of a screening or
surveillance programme. Chapter 5 reviews the diseases that are the
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SCREENING AND SURVEILLANCE OF WORKERS EXPOSED TO MINERAL DUST

targets of screening and surveillance programmes. Chapter 6 considers
the characteristics of existing screening tests. Chapter 7 offers recom-
mendations for the screening and surveillance of workers exposed to
respirable crystalline silica, coal mine dust and asbestos dust. Technical
guidance that will aid test administration and quality assurance is in-
cluded in the annexes. A summary of the current practices of a limited
number of selected screening and surveillance programmes is also
annexed.



CHAPTER 2
Definitions

The terms screening and surveillance are often used interchangeably,
with confusing results. Throughout this monograph, screening, de-
scribed more fully below, denotes the use of medical testing for the
presumptive identification of a disease in an individual at a time before
medical care would ordinarily be sought, and when an available inter-
vention can favourably affect the health of the individual (Wilson &
Jungner, 1968).

Surveillance, on the other hand, involves the periodic collection,
analysis and reporting of information relevant to health for the pur-
poses of disease prevention (Halperin & Baker, 1992). In contrast to
screening, surveillance is directed towards the improvement of the
health of populations and is a component of public health practice.
Medical surveillance should be distinguished from hazard surveillance.

Screening

Screening is the administration of a test or series of tests (such as
laboratory tests, medical examinations and questionnaires) to individ-
uals in order to detect organ dysfunction or disease at a point when
intervention would be beneficial. Positive screening tests may indicate
the presence of disease, or the strong likelihood of disease and the need
for confirmatory testing. Screening is designed to detect disease before
an individual would normally seek medical care; it should ideally
detect disease in its “preclinical” stage. The objectives of screening in a
particular workplace may vary. The goal of medical screening, however,
should ultimately be the secondary prevention of disease, i.e. the iden-
tification of disease at a stage when its progression can be reversed,
arrested or slowed (Wilson & Jungner, 1968; Matte et al., 1990; Weeks
et al., 1991).

Screening in the workplace is primarily intended to benefit the
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individual; however, screening may also be used to benefit others in the
same or similar workplaces if cases of occupational disease are seen as
“sentinel events”. In these instances, the recognition of an occupational
disease such as silicosis indicates that exposure controls have failed and
that further investigation is warranted. Investigation of the workplace
and of the health of co-workers can lead to the discovery of previously
unrecognized disease, the identification of the source of noxious expo-
sure, and ultimately, the reduction or elimination of hazardous working
conditions (Rutstein et al., 1983; Mullan & Murthy, 1991).

Detection of disease through screening reveals deficiencies in
environmental controls that might otherwise go unnoticed. Periodic
screening of workers should be tied to comprehensive efforts of envi-
ronmental monitoring and control.

Surveillance

Surveillance is “continued watchfulness over the distribution and trends
of [disease] incidence through the systematic collection, consolidation,
and evaluation of morbidity and mortality reports and other relevant
data”, as well as the timely dissemination of data “to all who need to
know” (Langmuir, 1963). Over time, the practice of surveillance has
progressed from the passive documentation of disease to the active
analysis of data in order to generate an appropriate public health
response (Halperin & Baker, 1992). The usefulness of passive surveil-
lance systems, such as death certificate counts for specific diseases, is
substantially increased when the population at risk for disease is known
or estimated and disease or death rates are calculated. This extension of
passive monitoring permits a more useful assessment of disease trends
over time and can help to focus preventive efforts on those populations
where the incidence of disease is greatest.

The major components of surveillance programmes are: (1) the
periodic identification and collection of health information; (2) the
evaluation and interpretation of the information; and (3) reporting and
intervention for the purpose of prevention (Ordin, 1992). Surveillance
programmes may be conducted by government agencies, large com-
panies and unions, or occupational medicine clinics.

Surveillance programmes are established to achieve one or more of
the following goals:

— tracking trends in disease incidence across industries, over time and
between geographical areas;

— defining the magnitude or relative magnitude of a problem;

— identifying new hazards, risk factors or populations subject to risk;
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— targeting interventions;
— evaluating efforts of prevention and intervention.

Information generated by screening can be the “raw” data of a
surveillance programme if these data are collected over time, analysed
periodically and reported to those in a position to advocate or act in
support of change, as well as to those exposed. Other than screening,
sources of data for surveillance systems include workers’ compensation
claims, health insurance statistics, government records of worker illness
and injury, hospital discharge information, disease registries, national
health surveys, death certificates and physician reporting (Ordin,
1992). Effective health surveillance systems are characterized by simplic-
ity, flexibility, acceptability and timeliness. Surveillance systems should
be sensitive indicators of the level of disease in the population at risk
(Klaucke, 1992).

The utility of medical surveillance is ultimately related to the level of
participation in the programme and the adequacy of data collection,
analysis, dissemination and intervention. Surveillance programmes are
incomplete without the application of their results and conclusions to
disease prevention and control. The dissemination of surveillance infor-
mation so that it is generally available, for instance through computer-
ized national and international databases, is an important step towards
achieving prevention and control. Surveillance reports that are exclu-
sively internal to an administrative agency, company or union do not
fulfil this goal. Because of the cyclical, repeating process of data collec-
tion, analysis and reporting, the value of a surveillance system increases
the longer it is in place.

In some countries it is required or customary to perform periodic
health examinations of workers for a range of purposes which may
include the assessment of overall health and fitness for hazardous work
or the detection of occupational disease. Screening may take place as
part of these examinations. If the data derived from such periodic
health examinations are collected, analysed and reported for purposes
of prevention, these efforts constitute medical surveillance. Surveillance
programmes for workers exposed to mineral dust are established in a
number of countries. Each programme operates with different strate-
gies and methods for reporting, data analysis and information dissemi-
nation. Two programmes, the SWORD programme (Surveillance of
Work-related and Occupational Respiratory Disease) in the United
Kingdom and the SENSOR programme (Sentinel Event Notification
System for Occupational Risks) in the USA, have been described
(Baker, 1989; Meredith et al., 1991). Elements of other selected
programmes are summarized in Annex 2.



CHAPTER 3

Screening for toxic effects
of workplace exposure

Screening primarily benefits the individuals who submit to testing. Cri-
teria applicable to the evaluation of medical screening tests performed
in community settings (Wilson & Jungner, 1968; Preventive Services
Task Force, 1989; Braveman & Tarimo, 1994) and in the workplace
(Halperin et al., 1986; Matte et al., 1990; Weeks et al., 1991) have been
described in detail. In general, the following conditions should be
considered before a screening test is adopted.
The disease:

— causes significant morbidity and mortality;

— can be identified at a pre-symptomatic stage before the individual
would ordinarily seek medical care;

— responds to acceptable, available and effective intervention and
treatment;

— is prevalent in the population undergoing screening.

Moreover, the test:

— is acceptable to those at risk for disease;

— has adequate sensitivity, specificity and predictive value in the target
population;

— is available at a reasonable cost;

— is sufficiently standardized to be performed with consistency, accu-
racy and reproducibility. ’

If these conditions are satisfied, the screening test can be adopted.
Note that there are a number of qualitative terms in this list. What is
considered “reasonable cost” in the workplace may differ from what is
considered “reasonable cost” in a community setting (Halperin et al,,
1986). “Acceptable” interventions and treatments may also vary accord-
ing to regional or cultural practice. An “adequate” level of sensitivity
and specificity may depend on the severity of the condition and the
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SCREENING FOR TOXIC EFFECTS OF WORKPLACE EXPOSURE

benefit achieved through intervention. In general, sensitivity should be
given priority over specificity in screening programmes.

In addition to focusing on appropriate diseases and identifying rea-
sonable tests to use in screening, the administrator or institution re-
sponsible for establishing a screening programme needs to address
other issues, including the availability of suitable personnel to adminis-
ter screening tests and interpret results and the presence of the appro-
priate equipment and facilities to perform, interpret and follow-up on
tests. The desired frequency of screening examinations should also be
determined.

The relationship between the natural evolution, in the absence of
intervention, of the disease for which screening is proposed and the
duration of previous and current levels of the exposure that causes
the disease should influence the timing of screening. Screening should
be conducted when there is an opportunity to detect the disease or
disease-related conditions. For example, if detectable disease indicators
do not occur until at least 10 years after first exposure, intensive screen-
ing could be delayed until that time, once baseline examinations
have been conducted. Knowledge of exposure levels would also influ-
ence the timing of screening, since some diseases progress more quickly
with high exposures. In such a case, however, knowledge of high
exposures should trigger action to reduce exposure levels. The course
of disease progression following the cessation of exposure should
also affect decisions about screening (e.g. after a change of job or
retirement).

It is also necessary to consider the appropriate dividing point be-
tween normal and abnormal test results for the screened population,
since often the difference is not clear-cut. This issue is considered more
fully below in the discussion of tests of pulmonary function.

It is also important to assess the level of risk, if any, from the testing
programme. Naturally, the risks and benefits of the tests that are per-
formed must be considered and weighed in light of the seriousness of
the disease being screened for.

Moreover, the perceived value of the programme to workers must be
taken into account. Screening programmes that are perceived to have
no value or benefit to the worker are likely to be poorly supported by
the target population. Numerous examples have been reported of medi-
cal information being used to deny employment or dismiss employees
without sound justification (Rothstein, 1984). Provisions should be
adopted to protect the privacy of workers and to ensure that the screen-
ing programme does not result in the inappropriate use of medical
data. Likewise, when screening is accompanied by educational pro-
grammes and concerted efforts to control harmful exposure, workers
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are more likely to trust its intent. Lastly, screening programmes should
be undertaken in light of the available resources.

The actions to be taken following abnormal test results should also

be defined before the establishment of a screening programme. Some
actions should always be taken:

Confirmation of the test result. A screening test is the first level of
evaluation; further evaluation may be required to confirm a positive
screening test.

Notification of the workers (in writing) of their test results and their
medical significance. Workers should be informed of any legal impli-
cations of their test results, reccommendations for changes in their
work practices or exposure conditions, the predicted risk from con-
tinued exposure, the nature of any disclosure of test results to the
employer and any sources of additional information about their
medical condition. When removal from the work environment is
medically recommended, notification of the workers should include
personal counselling on options for alternative employment.
Notification of the employer and workers of the aggregate results
with personal information removed.

Additional actions and interventions may vary according to the

judgement of the administrator of the screening programme as well as
the social, economic, legal and political environment in which the
programme is offered. Additional actions and interventions include the
Sfollowing:

Workplace modification (i.e. redesign of the work process or
changes in work practice) when a toxic effect is established or
strongly suspected.

Reduction of exposure for affected workers. This may be effected by
changes in the work itself or by administrative controls such as job
rotation. Occasionally the use of personal protective equipment may
be warranted as a temporary measure.

Worker and employer education.

Medical treatment and counselling; periodic follow-up evaluations if
the employee has disease without clinical manifestations.
Notification of other workers in similar industries who are at risk for
disease.



CHAPTER 4

Elements of screening and
surveillance programmes

In addition to the selection and implementation of appropriate medical
tests, an occupational medical service engaged in screening or surveil-
lance activities should make provision for the programme components
described below.

Qualified occupational health professionals

Programmes should be managed by health professionals with specific
knowledge, training and experience in the disciplines of occupational
health (toxicology, biostatistics, epidemiology, industrial hygiene and
medicine) and who are knowledgeable about the relevant laws, regula-
tions and rules. Moreover, the staff responsible for the medical testing,
interpretation and communication of results, the analysis and reporting
of data and quality assurance should have the skills and training ap-
propriate for their roles. Training programmes that focus on a
programme'’s specific features are useful for orienting staff and updat-
ing their skills. Local laws and regulations may dictate the licensing and
certification requirements for programme staff.

Record-keeping

The security and confidentiality of medical records should be main-
tained. They should therefore be separated from general personnel and
employment records. The medical records should include comprehen-
sive information on employee exposure, and should be kept current by
means of periodic examinations. Because of the long latency between
exposure and onset for most diseases caused by mineral dust, records
should be retained for an extended period (perhaps 30 years) beyond
the date of last employment. Records may be kept by the employer,
government agencies, the worker or employee representatives.

9
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Information from the record should be available to the worker, to his or
her health care provider and to public health authorities in a manner
consistent with local law.

Surveillance programmes should maintain records of occupational
exposure and medical screening so that data can be retrieved as needed
and comparisons over time and between categories of workers can be
analysed in a continual fashion.

Quality assurance

The efficient performance of medical testing requires ongoing and
systematic quality assurance in order to increase the accuracy and valid-
ity of test results and to promote the comparability of results over time.
The latter is critical for programmes of surveillance where group trends
are of particular interest. Records of all quality assurance activities
should be retained.

Confidentiality

Concerns about confidentiality, and the potential adverse consequences
that can result if personal medical information is inappropriately dis-
seminated, may discourage workers from accepting valuable testing
services. The International code of ethics for occupational health professionals,
adopted by the International Commission on Occupational Health
(ICOH), provides the following guidance:

The obligations of occupational health professionals include pro-
tecting the life and the health of the worker, respecting human
dignity and promoting the highest ethical principles in occupa-
tional health policies and programmes. Integrity in professional
conduct, impartiality and the protection of the confidentiality of
health data and of the privacy of workers are part of these obliga-
tions (ICOH, 1992).

The Code of ethical conduct for physicians providing occupational medical
services, adopted by the American College of Occupational and Environ-
mental Medicine (ACOEM), is similar:

Physicians should . . . keep confidential all individual medical in-
formation, releasing such information only when required by law
or overriding public health considerations, or to other physicians
according to accepted medical practice, or to others at the re-
quest of the individual; recognize that employers may be entitled
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ELEMENTS OF SCREENING AND SURVEILLANCE PROGRAMMES

to counsel about an individual’s medical work fitness, but not to
diagnoses or specific details, except in compliance with laws and
regulations; communicate to individuals and/or groups any sig-
nificant observations or recommendations concerning their
health and safety ... (ACOEM, 1994).

Those initiating or maintaining a programme of medical screening
surveillance should be able to answer the following questions:

What is the purpose of the programme: screening, surveillance or
both?

Who is responsible for the design, conduct and evaluation of the
programmer?

What exposures are creating a health risk?

What disease or condition is the target of the programme?

Which workers are eligible for participation?

Is the programme legally mandated or voluntary? If mandated, is
legal enforcement tied to programme performance?

Is worker participation in testing voluntary or mandatory?

Which tests are performed?

What is the frequency of each test? How soon after initial exposure
does testing begin? How long after cessation of exposure does testing
end?

Who performs the test, and under what conditions?

What constitutes an abnormal test result?

What actions are taken as a result of an abnormal test result?

Are the actions mandatory or voluntary?

How (and when) will programme effectiveness be assessed?

It may be possible to answer only some of these questions during

programme planning; some it may be possible to resolve only after
initial programme evaluation. The use of pilot programmes may help
determine the most effective and efficient means to establish regular
and ongoing programmes.
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CHAPTER 5

Diseases associated
with exposure to selectead
mineral dusts

The principles discussed in the preceding chapters should be used to
evaluate proposals for the screening or surveillance of workers at risk for
disease due to mineral dust exposure. This chapter considers the ef-
fects, for which screening might be appropriate, of respirable crystalline
silica, coal mine dust and asbestos dust. In the next chapter, the tests
available for the detection of disease are reviewed.

The effects of mineral dust include the pneumoconioses, cancer,
chronic bronchitis and chronic airflow limitation. A programme of
prevention should ideally encompass all the adverse effects of mineral
dust.

The pneumoconioses have long been the focus of health surveillance
and preventive efforts because their cause is uniquely occupational. The
term “pneumoconiosis” has been defined by the ILO (1976) as “an
accumulation of dust in the lung and the tissue reaction to its presence”.
Most of the other dustinduced conditions described below are less
easily distinguished from diseases with etiologies other than dust expo-
sure, for example, exposure to tobacco smoke. Nevertheless, the well
documented diverse effects of mineral dust inhalation require that
broad preventive efforts be implemented (Becklake, 1985; Oxman et
al., 1993; Becklake, 1994).

For the purpose of developing screening and surveillance strategies,
the health effects induced by the inhalation of mineral dust will be
discussed with reference to the disease characteristics listed in Chapter
3. Full clinical or epidemiological descriptions are beyond the scope
of this book and should be sought from other sources, three of
which are cited here (Merchant, 1986; Rom, 1992; Rosenstock &
Cullen, 1994). Some of the medical conditions caused by the inhalation

of mineral dust have also been reviewed in a recent ILO publication
(ILO, 1991).
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Diseases associated with exposure to crystalline silica dust

Silicosis is the pneumoconiosis resulting from the fibrotic reaction of
lung tissue to the deposition of inhaled crystalline silica dust. The risk of
silicosis has been related to the amount of cumulative dust inhalation.
The size distribution, surface characteristics and crystalline structure of
silica particles may affect their toxicity. The silica nodule, which is a
characteristic pathological entity, results from the pulmonary tissue’s
response to inhaled and retained silica and is radiographically detect-
able. These nodules may coalesce with destruction of the intervening
tissue and disruption of the normal intrathoracic architecture. This is
known as progressive massive fibrosis.

Silicosis of rapid onset, occurring within a few years of the initiation
of exposure, is sometimes referred to as accelerated silicosis. Silicosis
with a more indolent progression, generally not identified until one or
more decades after first exposure, is sometimes referred to as chronic
silicosis. Accelerated and chronic silicosis most likely result from the
same disease mechanisms, however, and differ only in their period of
latency. Another condition, referred to as acute silicosis, may result
from a different mechanism. It is a rapidly progressive disease which
develops after the inhalation of high concentrations of fine silica par-
ticles. Acute silicosis has pathological characteristics similar to alveolar
proteinosis.

All forms of silicosis can progress in the absence of continued expo-
sure, and accelerated and chronic silicosis can both appear and
progress after exposure ceases. Although silicosis is irreversible, there
is some evidence that the likelihood of progressive impairment from
either accelerated or chronic silicosis is diminished by the early identi-
fication of disease and the cessation of exposure (Westerholm, 1980).
On the other hand, if acute silicosis occurs, interventions do not appear
to influence favourably the outcome of the disease. Experimental thera-
pies or interventions that are not widely available, such as whole lung
lavage and lung transplantation, have been attempted for workers with
acute silicosis and for some with total pulmonary incapacity due to
progressive massive fibrosis.

The risk of tuberculosis is greater in workers with silicosis than in the
general population. Moreover, it is probable that tuberculosis is more
common in workers exposed to silica but without silicosis than in the
general population. The risk of tuberculosis rises significantly in
workforces exposed to silica where the background rates of tuberculosis
are high. Tuberculosis can cause significant morbidity and mortality,
particularly if unrecognized and untreated. While effective tuberculosis
treatments are available, failures and relapses have been reported

13
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more commonly in individuals with silicosis, though this may have
changed with the use of modern treatment regimens (Cowie et al.,
1989).

Bronchitis and chronic airflow limitation have also been shown to occur
more frequently in workers exposed to silica than in the general popu-
lation, and their risk is thought to depend on the total exposure to
airborne contaminants in the workplace (Becklake, 1989). In general,
these conditions cause significant morbidity and can cause premature
mortality (Cowie & Mabena, 1991). The extent to which they cause
significant levels of disease in the absence of silicosis has not been well
studied. Early intervention with the control or cessation of adverse
exposures (e.g. dust, tobacco smoke) may result in a reversal of bronchi-
tis symptoms and presumably also diminish the rate of progression of
airflow limitation.

Lung cancer resulting from silica exposure is currently the subject of
intensive scientific investigation. The International Agency for Research
on Cancer (IARC) has identified crystalline silica as a potential human
lung carcinogen (IARC, 1987), and, in response to this possibility,
NIOSH has recommended the greatest possible protection from silica
exposure. Some investigators suggest that silicosis rather than silica
exposure is the most important risk factor for cancer. In any event, as
with lung cancer from asbestos exposure, there is no indication at
present that lung cancers associated with silica dust differ from other
lung cancers. No effective methods of early diagnosis leading to success-
ful intervention have been identified. Because exposure to silica dust is
widespread and lung cancer is a common cancer, even a small differ-
ence in the relative risk of lung cancer resulting from exposure to silica
dust could imply a significant number of lung cancer cases of occupa-
tional origin.

Other conditions such as scleroderma and chronic renal disease have also
been associated with silica exposure in some populations, although the
overall levels of morbidity and mortality for these diseases are unlikely
to be sufficient to justify active medical screening.

Diseases associated with exposure to coal mine dust

Coal workers” pneumoconiosis (CWP) is one of the lung diseases arising
from the inhalation and deposition of coal dust in the lungs and the
reaction of lung tissue to the dust. CWP is a chronic, irreversible disease
of insidious onset, usually requiring 10 or more years of dust exposure
before becoming apparent on routine chest radiographs. It is character-
ized by macular and nodular pigmented lesions which may be visible
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radiographically as small or large opacities in the lungs. When only
small opacities are present, the condition is called simple CWP. Coal
mine dust may contain varying proportions of crystalline quartz. CWP
may be indistinguishable from silicosis on chest X-ray.

Progressive massive fibrosis (PMF), or complicated CWP, is the term
used when radiographic opacities greater than lcm in diameter
attributable to coal mine dust exposure are present. PMF has been
associated with pulmonary incapacity and increased morbidity and
mortality.

The risk of CWP has been related to cumulative exposure to coal
mine dust. CWP, in some instances, progresses after the cessation of
exposure, although this seems to be less common and less likely to
occur than the progression in pneumoconiosis resulting from retained
asbestos or silica dust. Chest X-ray abnormalities may be visible in the
absence of symptoms. Although reduction or elimination of exposure
to coal mine dust for workers with chest X-rays showing category 1 CWP
(see Annex 3) would presumably result in decreased progression of the
disease and fewer cases of PMF, statistical modelling based on a large
data set from the United Kingdom suggests that the benefit of exposure
reduction may be limited once any degree of CWP is present (Hurley &
Maclaren, 1987).

Dust control strategies in a number of countries have been directed
at preventing miners from developing category 2 CWP because of the
increased risk of PMF associated with higher categories of CWP. In the
United States, miners with category 1 CWP have been offered work in
environments with a maximum dust exposure of 1mg/m?* (time-
weighted working-shift average). It was anticipated that this would result
in the virtual elimination of PMF. The strategy has not been completely
successful, however, in part because PMF can appear on an X-ray other-
wise free of recognizable diffuse fibrosis or with only minimal fibrosis
(ILO category 0 or 1) (Hurley et al., 1987; Jacobsen, 1990). The short-
comings of this approach to screening and intervention to prevent PMF
are detailed in a recent review (Attfield, 1992).

Chronic bronchitis and chronic airflow limitation including acceler-
ated loss of FEV, (Forced Expiratory Volume in 1 second) are more
common in workers exposed to coal mine dust than in others with
comparable tobacco-use habits. These conditions appear to be dose-
related. Chronic bronchitis may be reversible if exposures are con-
trolled early. Moreover, the rate of FEV, loss can presumably be
diminished through a reduction or elimination of exposure, although
the rate of loss that should trigger action and its optimal timing
remain subjects of investigation. Chronic bronchitis, airflow limitation,
CWP and emphysema all result from exposure to coal mine dust and may
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occur in various combinations. The chest X-ray is not a reliable predic-
tor of the likelihood of airflow limitation associated with dust exposure.
In general, a diminished FEV, is associated with increased morbidity
and premature mortality. Thus, dust exposure that does not result in
the development of CWP or PMF may still cause or contribute to clini-
cally significant airflow limitation (Marine et al., 1988).

Above-normal risk for the development of stomach cancer has also
been associated with coal mine dust exposure (Ames & Gamble, 1983),
although the level of increased risk is not great and the underlying
population prevalence of this condition is generally low. Stomach can-
cers can potentially be detected in a preclinical stage through testing for
faecal occult blood, and early surgical intervention may have a benefi-
cial impact on mortality.

Diseases associated with exposure to asbestos dust

Asbestosis is a non-malignant lung disease caused by the inhalation
and retention of asbestos fibres and the lung tissue’s reaction to these
fibres. The occurrence of asbestosis depends on the cumulative level
of respirable asbestos fibre exposure. In environments where levels of
airborne asbestos are low, several years of exposure are required to
produce asbestosis. Although studies of animal exposure reveal the
onset of disease within months after first exposure, in humans the signs
and symptoms of asbestosis generally do not appear for years, or
even decades, following initial exposure. Once recognized, the disease
can have an indolent or a gradually or rapidly progressive course, even
in the absence of additional asbestos exposure. Asbestosis can cause
incapacity or death. Dyspnoea on exertion is usually the most promi-
nent symptom of asbestosis and may precede any abnormalities noted
through medical testing. Other symptoms include coughing and chest
pain. No treatment or intervention has been shown to diminish or
reverse the progression of asbestosis once the disease is established.
There is, however, some evidence that cessation of exposure may dimin-
ish the rate at which radiographic change progresses and presumably
the rate at which pulmonary disability develops (Becklake, 1991;
Becklake, 1992).

Pleural fibrosis, in the form of discrete plaques or diffuse thickening of
the pleura, can occur concurrently with or independent of pulmonary
fibrosis. One or more discrete areas of fibrosis (plaques) may be recog-
nized along the diaphragm or along the lateral chest walls. The occur-
rence of pleural fibrosis increases with the time from first exposure and
with the age of the worker. Diffuse pleural fibrosis, with or without
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blunting or obliteration of the costo-phrenic angle on chest X-ray, is less
common than discrete plaques and is often associated with significant
abnormalities in pulmonary function. Discrete plaques may also be
associated with pulmonary dysfunction, even in the absence of radio-
logically determinable parenchymal disease (Schwartz, 1991; Ernst &
Zejda, 1992). Pleural fibrosis may be present as an incidental finding on
chest X-ray when there are no abnormal chest complaints. Pleural
plaques that are visible on chest X-ray are quite common in certain
occupations. For example, in shipyard workers and construction insula-
tors, the incidence of pleural plaques often exceeds that of parenchy-
mal radiographic change (Becklake, 1991). A common characteristic of
these occupations is intermittent exposure to high levels of dust. In
areas of high tuberculosis prevalence a determination of the etiology of
pleural fibrosis by radiography alone may not be possible. Pleural dis-
ease is rarely of sufficient severity to justify intervention, although sur-
gery has been used to treat diffuse pleural thickening in its advanced,
disabling stages.

Benign pleural effusions lasting from weeks to months before spontane-
ous resolution occur in workers exposed to asbestos, often within the
first two decades of initial exposure. These effusions are sterile and
without malignant cells. Associated symptoms such as non-specific chest
pain may be present. There are data that suggest an association between
the development of diffuse pleural fibrosis and antecedent pleural
effusions. The extent to which other morbidity may result from benign
effusions is unknown. Although pleural effusions have been identified
without associated symptoms, there is no clear “preclinical” stage to this
condition, nor are there any reported studies evaluating the results of
interventions.

Chronic bronchitis — defined as a persistent cough with phlegm —
occurs more often in people who work in dusty environments than in
those who do not when they are compared with others with similar
smoking habits. This observation has been confirmed in some cohorts
of workers exposed to asbestos (Ernst & Zejda, 1991). The association of
chronic bronchitis with cancer or asbestosis in workers exposed to
asbestos has not been well studiéd. If exposure to dust is eliminated in
people with chronic bronchitis, it may, in some cases, lead to the
resolution of symptoms.

Chronic airflow limitation due to the narrowing of small airways as a
result of the inflammation and fibrosis of the respiratory bronchioles
(demonstrable on spirometry as a reduction in mid-expiratory flow
rates) is widely accepted as a manifestation of asbestos exposure, even in
the absence of visible asbestosis on chest X-ray (Ernst & Zejda, 1991).
Pure airflow obstruction, demonstrable as a reduction in FEV,, probably
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also occurs (Becklake, 1989; Bakke et al.,, 1991). Some studies report
FEV, deficits in asbestos workers with pleural fibrosis (Schwartz, 1991).
Others have demonstrated an association between airflow limitation
and increasing parenchymal fibrosis visible on chest X-ray. Controlled
intervention studies capable of providing guidance on the benefit of
intervening at various stages during the loss of FEV, are unlikely to be
carried out, and there is a dearth of observational reports. Nevertheless,
control of adverse pulmonary exposures is likely to reduce the rate of
loss in the FEV, and thus diminish morbidity over time.

Respiratory tract cancers are the most common cancers associated with
occupational asbestos exposure. These are pathologically indistinguish-
able from other respiratory tract cancers. Cancers of the lung are seen
more frequently in workers exposed to asbestos than in others with
comparable smoking habits; the same is true with respect to laryngeal
and pharyngeal cancer. When cancers occur, their period of latency
averages about 25 years from first asbestos exposure. Exposure to both
asbestos and cigarette smoke-puts workers at considerably higher risk
for the development of cancers of the respiratory tract (Rothwell, 1992).
There is evidence that the cessation of smoking diminishes lung cancer
risk within a decade in individuals with previous asbestos exposure, as
compared with those who continue to smoke. In some cohorts of work-
ers exposed to asbestos, lung cancer appears to be confined to those
who have already developed pulmonary fibrosis. In other cohorts, lung
cancer has been documented in subjects without radiographically vis-
ible pulmonary fibrosis (Wilkinson et al., 1995). The fact that the devel-
opment of both fibrosis and lung cancer is related to cumulative
exposure to asbestos has precluded clear resolution of the controversy
whether fibrosis is a necessary step in the development of asbestos-
related lung cancer. It is possible that more than one pathological
process can result in lung cancer.

Lung cancer is the most common malignant cause of death for men
In many countries. Intensive efforts to detect its early indicators through
frequent sputum cytology and chest X-ray analysis have failed to have a
favourable impact on the morbidity or mortality of high-risk groups
(Marfin & Schenker, 1991).

Malignant mesotheliomas of the pleura, peritoneum or mediasti-
num, which may all occur spontaneously, are presumed to result from
exposure to asbestos fibres if there is a credible history of asbestos
exposure and a reasonable latency period. Malignant mesothelioma has
been reported in association with apparently minimal exposure to as-
bestos after many years of latency. The expected exposure-response
relationship may not always be clearly demonstrable, perhaps because
of the competing risk of other malignant and non-malignant diseases,
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with shorter latency periods, that are evoked by higher exposures to
asbestos. The period of latency between first exposure to asbestos and
the development of mesothelioma is, on average, longer than that for
bronchogenic cancer, averaging 30-35 years. Such tumours grow rap-
idly and are invariably fatal, at least with current therapeutic options
(i.e. surgery and chemotherapy).

Cancers of the gastrointestinal tract, including cancer of the oesophagus,
stomach, pancreas, colon and rectum, have been observed to occur
more frequently in some, but not all, populations with heavy exposure
to asbestos. The risk of cancers of the gastrointestinal tract from asbes-
tos exposure appears to be less than the risk of lung cancer. In popula-
tions without asbestos exposure, gastrointestinal tumours (both benign
and malignant) have been identified in preclinical stages through test-
ing for occult faecal blood and sigmoidoscopy; early detection and
surgical treatment appear to have a favourable effect on morbidity and
mortality (DeMers & Parsons, 1994).

Other cancers, including certain lymphomas and kidney cancer, have
been observed more frequently in a few populations exposed to asbes-
tos. The interrelationships between multiple pathogenic exposures may
account for the diversity of malignancies associated with asbestos expo-
sure. The morbidity and mortality resulting from lymphomas and kid-
ney cancer are far less than those of the other cancers linked to asbestos
exposure. There have been no reported studies of efforts for the early
detection and treatment of these conditions in workers exposed to
asbestos.

The risk of developing any particular disease varies in working popu-
lations according to the type of work performed, even when all workers
are exposed to the same types of asbestos fibres, and exposure levels are
taken into account. Patterns of disease also vary in relation to the
particular type of asbestos fibre present in the work environment. The
specific toxicity of fibre types is an active area of scientific investigation.
Regardless of the additional information that may thus be yielded, it is
clear that exposure to respirable asbestos fibres of all types must be
considered hazardous. In many work settings (such as construction,
repair and demolition), materials often contain a mixture of fibre types,
and useful information about the specific composition is generally lack-
ing. In such circumstances, prudent practice dictates that exposed work-
ers should be afforded the highest level of health protection.
Furthermore, various synthetic fibres are currently used in some work
processes as substitutes for asbestos. The more closely these fibres re-
semble asbestos (in size, shape, durability and surface characteristics)
the more likely they are to cause disease and thus the more intense
control and surveillance efforts should be.
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CHAPTER 6

Tests for detecting diseases
iInduced by exposure
to mineral dust

The tests commonly used to detect diseases related to mineral dust
exposure include questionnaires, chest radiographs, spirometry and
physical examination. Other tests include sputum examination, other
imaging techniques, other measures of lung function, bronchoscopy,
skin testing for tuberculosis and stool examination for occult blood
(Balmes, 1990). A number of biological markers are under investigation
with respect to their relationship to the occurrence of diseases caused by
mineral dust.

Conventional chest radiography (X-rays)

Chest radiographs are the most important means for the detection of
pneumoconioses (asbestosis, silicosis and coal workers’ pneumo-
coniosis). As described above, responses to dust inhalation vary with the
mineral inhaled. These differences are also reflected in the patterns of
abnormality that are characteristically present on radiographs.

A standardized method of X-ray interpretation (see Annex 3)
published by the International Labour Office (ILO) is often used to
recognize and classify the pneumoconioses (ILO, 1980). With this
method, opacities resulting from inflammation, dust deposition or
scarring are classified according to their shape, size, location and
profusion. Profusion is determined by comparing the worker’s film
with standard films distributed by ILO. Some exposures, such as to
coal mine and crystalline silica dust, can result in the development of
opacities greater than 1cm in diameter. These are classified according
to size. There are also conventions for classifying pleural abnormalities
as well as for noting the appearance of changes suggestive of certain
other diseases.

The ILO system was originally established to improve disease detec-
tion and achieve consistency in film interpretation during health sur-
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veillance and epidemiological investigations. It has also been used for
the determination of disability compensation and clinical evaluation,
although it was not designed for these purposes. Despite efforts to
achieve standardization in the interpretation of chest X-rays through
the use of the ILO system, there remains significant inter-reader and
intra-reader variability manifested as disagreement between readers, or
the same reader at different times, on the presence or absence of
abnormalities. Some interpretive variability can be reduced through
attention to the production of consistent, high-quality radiographs. In
addition, a programme of training, testing and certification of readers,
such as the “B” reader certification programme in the United States,
may be of value in improving reader consistency (Morgan, 1979;
Attfield & Wagner, 1992; Wagner et al., 1992).

Radiographs may be insensitive to early changes resulting from expo-
sure to dust. For example, it has been estimated that nearly 20% of
workers exposed to asbestos with fibrotic pulmonary changes found on
pathological examination have no detectable radiographic abnormali-
ties (Kipen, 1987). Physicians untrained or inexperienced in the recog-
nition of occupational lung disease may miss certain abnormalities,
which are often quite subtle. Nevertheless, particularly at higher profu-
sions of coal- and silica-induced lesions, there is a reasonable correla-
tion between the findings of lung pathology and radiography (Ruckley
et al., 1984).

Periodic chest radiographs reviewed for abnormalities consistent
with pneumoconiosis are the primary means of screening for disease in
workers exposed to mineral dust. This technique has been employed
internationally. Surveillance reports based on the use of this tool dem-
onstrate its utility (Attfield & Althouse, 1992).

Chest radiographs are not an adequate tool for surveillance or recog-
nition of all occupational lung diseases. Bronchitis is not detectable on
chest X-ray. Emphysema is accurately recognized only in advanced
stages. Other methods of investigation are needed for these disorders as
well as for the identification of functional changes associated with expo-
sure to disease-inducing dusts. Periodic radiographs, alone or in combi-
nation with sputum cytology, have also been unsuccessful in identifying
lung cancers at a stage sufficiently early to improve the outcome of
therapy (Fontana et al., 1991).

Periodic chest X-rays are generally acceptable to those at risk for
disease. They are widely available in developed countries and may be
available in developing countries. In developing countries miniature
films from tuberculosis screening programmes may be available even
if full-sized radiographs are not (Cowie & van Schalkwyk, 1987). The
ILO classification system was developed using full-size radiographs;
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therefore, the use of miniature radiographs may result in a systematic
under-recognition or over-recognition of disease (Fukuhisa et al.,
1989). A relatively inexpensive Basic Radiological System capable of
producing adequate full-size chest radiographs has been developed
under the guidance of the World Health Organization (Holm et al.,
1986). Additional technical guidance on the use and interpretation of
chest radiographs can be found in Annex 3.

In summary, chest radiographs interpreted in a standardized
fashion are the basic means for identifying workers with pneumo-
conioses. While acceptable to subjects and widely available, often at
reasonable cost, the sensitivity, specificity and predictive value must
be considered in the context of the circumstances in which screening
or surveillance will take place. The uses and limitations of chest

radiography in evaluating miners have been reviewed recently (Wagner
et al., 1993).

Additional imaging techniques

Other imaging techniques have proved useful in the diagnosis and
investigation of lung disease but are not recommended for screening
or surveillance. For example, computed tomography of the chest, in-
cluding high-resolution computed tomography (HRCT), has been a
sensitive and specific tool both in the identification of pleural abnor-
malities resulting from asbestos exposure and in distinguishing them
from normal lung structures such as pleural fat. “Thin slice” HRCT
views of the lung have also been shown to identify interstitial fibrosis
caused by asbestosis when the chest radiograph is ambiguous. The
value of gallium scanning has also been promoted by some investigators
as a2 means of identifying lung tissue inflammation associated with
mineral dust inhalation. These techniques are generally acceptable to
workers under investigation. At present there is no role for the use of
these tools for screening or surveillance because of the high dose
of radiation they entail, as well as high cost, lack of availability, and
lack of standardization in the interpretation and reporting of abnor-
malities. Although some have suggested that, where available, a single
“thin slice” HRCT which limits the radiation dose may eventually prove
comparable in cost and be superior in sensitivity and specificity to
conventional chest radiographs for screening and surveillance, this is
not yet the case.
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Measures of lung function

The most widely available tests of lung function (i.e. spirometry tests)
record the volume of air a subject forcibly exhales in one second follow-
ing a maximal inhalation (FEV|) and the total volume exhaled without
a time limit (Forced Vital Capacity (FVC)). These values, and their ratio
(FEV,/FVC), are compared with reference population averages for non-
exposed individuals of the same sex, height and age and are reported
both as absolute values and as a “percentage of predicted”. Criteria for
the selection of appropriate reference populations are discussed in
Annex 4. Subjects with diseases causing a limitation of airflow out of the
lungs have a lowered FEV, but a well preserved FVC and are said to
demonstrate an obstructive defect. Subjects with sufficient scarring of the
lungs te diminish expansion during inspiration have reductions in the
FVC and are said to have a restrictive defect. Often subjects with advanced
lung disease have reductions in both the FEV, and the FVC. The FEV,/
FVC ratio, compared with average values, can suggest whether the
defect is predominantly obstructive or restrictive. Significant airflow
limitation can result in an inability to empty the lungs fully during
forced expiration, resulting in “air trapping”. This may give the false
impression that a restrictive defect is present, because the FVC will be
diminished. Other diagnostic tests such as the measurement of total
lung capacity (TLC) are necessary to determine whether the reduced
FVC is due to air trapping or volume restriction.

There is no pattern of spirometry abnormalities that will distinguish
lung diseases induced by mineral dust from those resulting from non-
occupational causes. Spirometry alone cannot diagnose pneumo-
conioses or other occupational lung diseases, but it is useful in
quantifying abnormalities and defining a pattern of response in ex-
posed workers. Spirometry has been particularly useful in investigating
the consequences of exposure to a suspected hazard by comparing
groups of exposed workers with a group of non-exposed workers. In
such an instance, the average lung function of exposed workers may
differ significantly from the average of unexposed workers, even though
values for most workers in both groups may fall within a “normal” range
(ATS, 1991).

There is no clear or absolute separation between “normal” and
“abnormal” values for lung function tests. Studies have indicated that
many individuals with pulmonary disease as judged by other criteria will
have spirometry values within the so-called “normal” range. Similarly,
others without disease may fall in the abnormal range. How many are
included in one group or another depends on where the line separating
normal from abnormal is drawn, as well as which of the many available
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reference values are used (ATS, 1991). People with jobs may have better
lung function, on average, than people in the total population (which
includes those too sick to work) (Becklake & White, 1993). For this
reason, or because of pre-employment examinations or self-selection it
is not unusual for working people to score above general population
averages (i.e. above 100% of predicted) on spirometry tests.

The utility of periodic testing of lung function in individuals exposed
to mineral dust has not been fully investigated. Clearly, there should be
a point at which accelerated decline can be recognized and at which
cessation of exposure might be expected to result in diminished mor-
bidity. Using the individual worker as his or her own “control” for
comparison purposes, rather than relying on population averages to
define abnormality, is attractive. Variability in a subject’s own test per-
formance, however, can exceed the expected annual decline due to age
and complicates the interpretation of longitudinal results. The point at
which an apparent excess loss of FEV, or FVC predicts permanently
increased morbidity or mortality has not been established. Concepts
concerning the interpretation of longitudinal results have been pre-
sented recently (Hankinson & Wagner, 1993) and are discussed more
fully in Annex 4.

Standardized methods for spirometry testing and specifications
for equipment have been recommended by professional associations
such as the American Thoracic Society (ATS, 1995) and the European
Respiratory Society (Quanjer et al., 1993). Spirometry is generally ac-
ceptable to those at risk for disease and is widely available in developed
and many developing countries. Inadequate calibration or standardiza-
tion of test procedures may limit the value of spirometry. The sensitivity,
specificity and predictive value depend on the cut-off points adopted
and on whether population averages or prior results from the individual
are used as the basis for comparison. Technical guidance concern-
ing the performance and interpretation of spirometry is included in
Annex 4.

Other tests of lung function in common use for diagnostic purposes
include arterial blood gas testing (at rest and during exercise),
body plethysmography (with measurement of intrathoracic gas volume
and airway resistance), measurement of the diffusion capacity of the
lung, measurement of lung compliance, and tests of bronchial
reactivity. These tests may be useful if spirometry values are not repro-
ducible or if the spirometry values differ significantly from those ex-
pected from symptom reports. Cost, availability, standardization and
acceptability limit the value of these tests for screening or surveillance
purposes.
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Questionnaires

In clinical medicine, enquiring about a patient’s symptoms is the usual
first step in an evaluation. Those suffering from lung diseases may
cough, wheeze or experience shortness of breath or chest pain with
or without having significant abnormalities detectable by laboratory
testing. Thus, asking people questions about respiratory symptoms in a
systematic fashion and analysing the results has been one of the most
powerful tools in the epidemiological investigation of occupational lung
disease. The effectiveness of using questionnaires for screening pur-
poses, independent of other medical testing, has not been well ex-
plored.

Questionnaires can provide important and useful information
quickly and inexpensively. They are generally acceptable to those at risk
for disease, although consideration needs to be given to the educational
level and literacy of the target group. The quality of information result-
ing from a questionnaire depends upon the suitability of the question-
naire for detecting abnormality (sensitivity), correctly confirming the
absence of abnormality (specificity), eliciting the same responses over
time (consistency) and avoiding under-reporting or over-reporting of
abnormality (bias) due to inappropriate wording or construction. Each
of these characteristics of questionnaires may independently differ ac-
cording to the specific circumstances and population in which the
questionnaire is used.

Systematic questioning concerning the symptoms associated with
exposure to mineral dust is aided by the use of standardized question-
naires, and the information they provide has been studied in a variety of
settings over many years. Respiratory symptom questionnaires have a
long history. Examples include a questionnaire used to investigate the
natural history of chronic bronchitis (MRC, 1960) and a questionnaire
developed by a committee organized by the American Thoracic Society
(ATS) (Ferris, 1978) to study the epidemiology of airway disease. Ques-
tionnaires have been used frequently in the investigation of occupa-
tional lung disease, including one developed by the International
Union Against Tuberculosis and Lung Diseases (JUATLD) (Burney &
Chinn, 1987) to investigate asthma. Each presents a series of questions
concerning respiratory symptoms, previous and current respiratory con-
ditions and tobacco use. Some questionnaires include a work history to
identify previous hazardous exposures in the workplace. The use of
identical questions increases the comparability of data obtained from
different groups, and hence the validity of comparisons between
groups.

Questionnaires can be useful even when translated from their
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original language. For example, the comparability of data derived from
a French translation of the ATS questionnaire with those derived from
the original version has been established, except for responses to cer-
tain translations of the term “wheezing” (Osterman et al., 1991). The
ATS and MRC questionnaires have been modified by investigators at
different times, usually by the addition of questions to meet the needs of
particular studies. New questions should be incorporated into standard
questionnaires so as to preserve as much as possible the original order
of questions.

Of the conditions described above, few are amenable to early
identification through questionnaires alone. Chronic bronchitis
might be a candidate for screening using this tool. Dyspnoea and chest
pain indicating the onset of problems can be identified through re-
sponses to questionnaires. Information concerning tobacco use, age
and prior or current occupational exposures that can contribute to the
targeting or timing of preventive interventions can also be ascertained
by questionnaire.

Questionnaires are useful, if not essential, for the systematic elicita-
tion of work and exposure histories. These data can be used to establish
an index of potentially hazardous exposures and may be a useful guide
in the selection of individuals for inclusion in programmes of medical
screening and surveillance, through the defining and ordering of risk
groups. In addition, exposure data reported on questionnaires can be
used to investigate exposure—response relationships in epidemiological
investigations of industries where objective exposure data are lacking
(Fonn et al., 1993a).

In summary, questionnaires may provide useful information in con-
junction with other medical testing when used in a programme of
screening or health surveillance. Their value as an independent tool for
the early identification of diseases attributable to exposure to mineral
dust is unproved and, in fact, not asserted in the literature, although
investigators have correlated the loss of lung function with question-
naire responses in populations exposed to mineral dust (Brodkin et al.,
1993; Fonn et al., 1993b). Questionnaires administered over time in a
standardized fashion may provide useful surveillance information in-
cluding, in some circumstances, exposure information. Technical guid-
ance concerning questionnaire use is given in Annex 5.

Physical examination

The physical examination is an important component of the health care
services provided to individuals. The respiratory system can be exam-
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ined by visual observation (inspection), touching (palpation), tapping
(percussion) and listening with a stethoscope (auscultation). Abnor-
malities detectable by inspection, palpation and percussion tend to be
either acute and unrelated to exposure to mineral dust, such as an
asthma attack or lung infection, or chronic and fairly advanced, such as
the barrel chest of a patient with emphysema. Auscultation can reveal
abnormal lung sounds that are associated with lung dysfunction. For
example, wheezing (during quiet or forced expiration) unassociated
with an acute asthma attack may indicate airflow limitation due to the
partial obstruction, narrowing or collapse of large airways, or due to the
loss of elastic recoil caused by emphysema. All these abnormalities may
be present as a result of coal mine dust exposure. Persistent fine crack-
les, called rales, may be caused by fibrosis of the lung parenchyma.
These sounds are often heard in individuals with asbestosis and may be
detected before there are definite radiological changes. For many indi-
viduals with lung abnormalities, however, physicians are unable to dis-
cern any changes in the breathing patterns or breath sounds on physical
examination. Also, abnormalities noted by one observer at one time
may be unrecognized by another observer or, at other times, by the
same observer.

Physical examinations are generally acceptable to most workers. Ex-
aminations by trained personnel may be available at reasonable cost.
Nevertheless, insensitivity, non-specificity, the lack of standard methods
for recording findings, inter-observer variability and variability in the
persistence of abnormal findings over time limit the value of physical
examinations as a “stand-alone” tool for the surveillance or screening of
workers exposed to mineral dust. Although such examinations remain
the cornerstone of periodic health assessment and are an integral com-
ponent of health services for workers in many locations, physical exami-
nations are not recommended as an independent tool for screening or
surveillance of workers exposed to mineral dust.

Sputum examination

Sputum can be examined for Mycobacterium tuberculosis or other infec-
tious agents, malignant cells, asbestos bodies, and other biological
markers. Cytology of induced or randomly produced sputum can, in
some instances, identify malignant cells before tumours are visible on
radiographs. Nevertheless, the benefit of sputum examination (in terms
of increased life expectancy or increased lung cancer cure rates) has not
been demonstrated in research evaluating the periodic screening of
heavy tobacco users (Marfin & Schenker, 1991). In these screening
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programmes, subjects were examined serially with chest radiographs
and sputum cytology. While some cancers were detected earlier by
cytological examination of sputum than they would have been by chest
X-rays or symptoms alone, the cancers were on average sufficiently
advanced at the time of detection that intervention brought no added
survival benefit. It is reasonable to assume that sputum cytology might
also fail to have a favourable impact on the life expectancy and cancer
cure rates of workers exposed to mineral dust. The techniques of spu-
tum induction may not be acceptable to some workers, and testing is
expensive and not widely available. Sensitivity, specificity and predictive
value all appear to be low.

Thus, at this time, the weight of evidence does not support the
general use of sputum cytology for the early detection of lung cancer in
workers exposed to asbestos or silica dust. In populations where tuber-
culosis infection is common, however, sputum examination or culture
may be a valuable means of screening for tubercle bacilli in workers
exposed to silica dust. Moreover, because of the incomplete protection
against tuberculosis afforded by BCG administration, as well as the
futility of tuberculin skin-testing in BCG-protected workers, sputum
examination is useful in screening workers who have received BCG.

Asbestos bodies are often found in the sputum of exposed workers
but rarely in the sputum of individuals who are not occupationally
exposed to asbestos. Their presence has been shown to reflect cumula-
tive exposure. The presence of asbestos bodies may therefore help
determine who should be included in a programme of medical screen-
ing or surveillance where the level of exposure is in doubt. The absence
of asbestos bodies does not, however, preclude the possibility of signifi-
cant past exposure to asbestos.

Bronchoscopy and broncho-alveolar lavage

The utility of bronchoscopy, including ultra-thin bronchoscopy, and
broncho-alveolar lavage for investigating workers exposed to mineral
dust was considered by an expert group convened by the World Health
Organization (WHO, 1990). These techniques were noted to represent
an advance in diagnostic methodology and to have important implica-
tions for scientific investigations. Nevertheless, the value of these ap-
proaches for screening and surveillance are limited by their cost,
acceptability and availability. Moreover, the sensitivity, specificity and
predictive value of these tests are undetermined. Therefore, at this time
neither bronchoscopy nor broncho-alveolar lavage is considered
appropriate for use in screening programmes.
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Tuberculin skin-testing

Standardized methods for tuberculin skin-testing of the general popula-
tion have been recommended and adopted in countries where tubercu-
losis incidence is low and prophylactic treatment following primary
infection is available. Results are more difficult to interpret, however, in
individuals from populations where tuberculosis prevalence is high or
BCG vaccination has been used for primary prevention. In these in-
stances sputum examination may be necessary. Skin-testing is generally
acceptable to workers, and skin-test conversion has been an effective
method for the identification of an “at risk” population at a stage in the
disease where intervention is effective. The increased risk for develop-
ing tuberculosis in workers exposed to silica should increase the benefit
to be derived from testing and intervention in this population. How-
ever, the results of chemoprophylaxis in miners and other workers with
silicosis have been somewhat disappointing (Cowie & Dansey, 1992;
Hong Kong Chest Service et al., 1991).

Stool examination for occult blood

Test methods for the identification of occult blood in stool are readily
available in most industrialized countries. Routine periodic perfor-
mance of this test, in conjunction with sigmoidoscopy and digital rectal
examination, has been recommended by the American Cancer Society
(ACS, 1980) for people over the age of 50, regardless of occupational
risk status, on the basis of studies showing the utility of screening for the
early detection of colorectal cancer. Some groups in the United States
have initiated colorectal cancer screening programmes in the work-
place in response to these recommendations (Neale et al., 1989). How-
ever, a recent report from an expert group convened by the United
States Public Health Service did not recommend either stool examina-
tion for occult blood or sigmoidoscopy for community screening (Pre-
ventive Services Task Force, 1989). The expert group did not specifically
consider occupational groups at increased risk of colon cancer but
stated that clinical prudence dictates that individuals over the age of 50
years with known risk factors for colon cancer should be screened.
Colorectal cancer screening is directed towards the secondary preven-
tion of large bowel cancer. The potential benefit for early identification
of gastric cancer is less certain. Cultural and educational factors may
influence the acceptability of the test. Its sensitivity and specificity vary
with the specific methods employed and may also be influenced by
factors such as diet, drug use, alcohol consumption and the prevalence
of intestinal parasites.
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CHAPTER 7
Recommendations

The prevention of diseases that result from exposure to mineral dust in
the workplace depends primarily on compliance with health-protective
exposure limits (WHO, 1986), supported by relevant legal standards
and effective enforcement. Screening, an important secondary mea-
sure, can benefit workers who experience adverse effects from past or
present exposures and can be a useful supplement to primary preven-
tion efforts. As an outgrowth and extension of screening, surveillance
activities can track trends in disease incidence, identify areas for inter-
vention and aid in the evaluation of preventive efforts.

The development of screening and surveillance programmes is a
complex task. Medical tests must be critically evaluated to determine
whether they satisfy the appropriate criteria for screening tests and are
able to accomplish the goals of the programme. The design of a screen-
ing and surveillance programme must also be specified in sufficient
detail to determine whether it is economically, legally and politically
feasible. Generally, feasibility will depend substantially on the material,
financial, legal and cultural constraints in the country, region or indus-
try where the programme will be conducted.

No single set of guidelines is applicable to the development and
implementation of a programme for the screening and surveillance of
workers exposed to mineral dust. Eligibility for and frequency of
examination, the specific examination used, methods of interpretation
and analysis of results, procedures for the reporting of data, the inter-
ventions that may be recommended, and the means of evaluation will all
reflect local priorities, resources, laws, customs, language and public
health infrastructure. In addition, the potential level of workplace expo-
sure to hazardous dust and the exposure controls that are currently in
place will affect the design of screening programmes.

Recommendations for the periodic screening and health surveil-
lance of workers exposed to mineral dust are presented below. The
recommendations assume that reasonably effective hazard control and
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monitoring systems are already in place. In arriving at these recommen-
dations, the central issues were understood to be:

Do the diseases for which workers are at risk as a result of exposure
to mineral dust lend themselves to screening?

Will screening by means of available tests permit the identification of
disease at a point where useful intervention is possible?

Can periodic screening provide information that is consistent with
public health surveillance goals?

Efforts aimed at primary prevention are enhanced by the periodic

collection, analysis and reporting of data generated by medical screen-
ing. Hence, it is strongly recommended that well thought-out surveil-
lance programmes should be implemented in conjunction with all
screening programmes. These recommendations are presented in the
form of answers to the questions posed in Chapter 4.

What is the purpose of the programme: screening, surveillance or both?
Screening and surveillance should be for non-malignant diseases due
to exposure to mineral dust.

Who is responsible for the design, conduct and evaluation of the programme?
A responsible individual with an appropriate organizational affilia-
tion should be identified. Depending upon circumstances, the
employer or a government agency should be responsible for health
surveillance programmes.

What exposures are creating a health risk?
Exposure to one or more mineral dusts should be known to occur.

What disease or condition is the target of the programme?
Pneumoconioses, chronic airflow limitation and tuberculosis should
be targeted.

Which workers are eligible for participation?
All workers at risk for disease as a result of their exposure to mineral
dust should be eligible.

Is the programme legally mandated or voluntary? If mandated, is legal
enforcement tied to programme performance?

The programme should be legally mandated, with legal enforcement
tied to programme performance.

Is worker participation in testing voluntary or mandatory?

In countries where participation is voluntary, disincentives to partici-
pation should be identified and removed, and incentives for partici-
pation should be considered. All programmes should aim at
achieving complete participation.
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Which tests are performed?
A programme for the collection of screening information useful for
the surveillance of workers exposed to mineral dust should include
the following elements:

— a questionnaire that systematically enquires into work and expo-
sure history; systematic enquiry into relevant health symptoms
may also be desirable;

— a chest radiograph (highly recommended), systematically inter-
preted (e.g. using the ILO system);

— spirometry;

— tuberculin skin-testing for workers exposed to crystalline silica or
coal mine dust, unless the workers have been immunized with
BCG;

— a physical examination for workers exposed to asbestos.

What is the frequency of each lest? How soon after initial exposure does testing

begin? How long after cessation of exposure does testing end?

Test frequency should depend on the level of health risk that is

assessed on the basis of the intensity and duration of current and past

exposure and disease patterns in the population. Although it might
be desirable to quantify exposure on the basis of industrial hygiene
data and to develop test schedules based on such an index, this is
rarely possible. Test schedules, including the frequency of testing
following the cessation of exposure, inevitably reflect local con-
straints. In particular, the availability of resources for the perfor-
mance, analysis and reporting of tests may influence test frequency.

Testing should not be substituted for aggressive exposure monitor-

ing and control.

The following frequency recommendations assume that workers
are free of symptoms or signs of disease and that effective exposure
controls are in place:

Workers exposed to crystalline silica or coal mine dust. A baseline chest
radiograph should be obtained at the start of employment, then
after 2-3 years of exposure and every 2-5 years thereafter. Ideally,
spirometry results and responses to an updated symptom question-
naire should be obtained annually, beginning with the start of em-
ployment; if this is not possible they can be obtained at the same
frequency as the chest radiographs. Ideally, health surveillance, par-
ticularly for workers exposed to silica dust, should be lifelong.

Workers exposed to asbestos dust. A baseline chest radiograph should be
obtained at the start of employment, then every 3-b years thereafter
for workers with less than 10 years since first asbestos exposure; every
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1-2 years for workers with over 10 years since first asbestos exposure;
and annually for workers with more than 20 years since first expo-
sure. These frequencies may be adjusted depending on the age
of the worker and the intensity and duration of exposure. Ideally
a respiratory symptom questionnaire, physical examination and
spirometry should be performed annually; alternatively, they can
be performed at the same frequency as the chest radiographs.
Ideally, health surveillance for workers exposed to asbestos should
be lifelong.

Who performs the test, and under what conditions?

Tests should be performed by trained technical staff, using equip-
ment and procedures as described elsewhere in this publication.
Medical examinations should be provided free of charge to workers
and carried out, as far as possible, during their regular working hours
without loss of earnings.

What constitutes an abnormal test result?

Radiographs are considered abnormal if they are consistent with the
presence of pneumoconiosis (ILO category 1/0 or higher) or PMF.
Spirometry is considered abnormal if the FEV, or FVC is below the
lower boundary of the 95% confidence interval for the average value
of an appropriate reference group. Reference values should take
into consideration age, sex and height. Once a baseline is estab-
lished, the loss of 15 percentage points from the baseline value is
considered abnormal (e.g. a drop from 105% of predicted to 90% of
predicted). (See Annex 3 and Annex 4 for further discussion of the
interpretation of radiographs and spirometry.)

What actions are taken as a result of an abnormal test result?

Workers should be notified of their test results in writing, and coun-
selling should be provided concerning the significance of any abnor-
mal results. In addition, workers should be informed of any legal
implications of their test results, recommendations for changes
in work practices or exposure conditions, their predicted risk
from continued exposure, the nature of any disclosures to their
employer and sources of additional information. When removal
from the work environment is recommended, the notification of
workers should include personal counselling on alternative employ-
ment options.

All reasonable efforts should be made to permit continued em-
ployment in an environment free of dust or with diminished dust
exposure. More intensive environmental monitoring and the consid-
eration of more frequent health monitoring is therefore a possible
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result. Abnormal test results should also be reported to public agen-
cies in accordance with national law and practice.

In addition, employers and workers should be notified of the
aggregate test results with personal information removed.

Additional actions and interventions may be taken according to
the judgement of the administrator of the screening programme as
well as the social, economic, legal and political context in which the
programme is offered. Such actions and interventions include the
following:

— workplace evaluation and modification (redesign of the work
process or changes in work practice) when a toxic effect is estab-
lished, or strongly suspected, after an asscssment of existing con-
trol measures;

— reduction of exposure for affected workers. This may be effected
by changes in work practice, process modification or administra-
tive controls such as job rotation. Occasionally the use of respira-
tory protective equipment as a temporary measure may be
warranted,;

— worker and employer education;

— medical treatment and follow-up counselling; periodic follow-up
evaluations if the employee has a preclinical state of disease;

— notification of other workers in similar industries.

Are the actions mandatory or voluntary?
The provision of preventive interventions should be mandatory.

How (and when) will programme effectiveness be assessed?

The adequacy of preventive efforts should be assessed by public
health surveillance through use of the data generated by the
programme. Compliance investigations should be regularly con-
ducted to provide information on the implementation of screening
and surveillance programmes.

A programme of medical screening can be part of a system of health
surveillance and should be linked to effective engineering controls of
exposure and not substituted for them. Large numbers of workers may
have been harmed by workplace exposures before being identified by
even the most intensive screening programme. Medical screening can
identify people with disease but does not in itself prevent disease.
Screening and surveillance programmes are futile if isolated from effec-
tive programmes of exposure monitoring and control. Recognition of
the victims of excessive exposure should not be an end in itself but a
means to improve future preventive efforts.
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Annex 2

Examples of screening and
surveillance programmes

Consideration of a few examples of selected programmes for the screen-
ing or surveillance of workers exposed to mineral dust illustrates the
decisions that have been made in these instances. The programme
summaries are necessarily brief, are intended only for illustrative pur-
poses and do not do justice to the complexity of the technical, social,
political, economic and legal considerations that determine the exact
design of proposed or adopted programmes. The purpose of this annex
is to illustrate how the principles presented in prior sections have been
applied in practice.
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Annex 3

Technical considerations in the use and
interpretation of chest radiographs

An internationally accepted method for the classification of the chest
radiographs of workers exposed to mineral dust, which is useful in
screening and surveillance, has been published by the International
Labour Office (ILO, 1980). The uses and limitations of chest radiogra-
phy for the surveillance of miners exposed to mineral dust, which are
applicable to all similarly exposed workers, have been reviewed recently
(Wagner et al., 1993). This annex considers some methodological issues
in the interpretation of radiographs and presents a synopsis of the ILO
classification system.

Methodological issues in radiographic interpretation

A variety of factors that influence the value of chest radiography are
discussed below, along with a summary of the efforts that have been
made to overcome some identified problems.

Standardization of reporting and recording

In order to permit data aggregation and analysis, any screening or
surveillance programme or epidemiological investigation depends on
standardization of the reporting of test results. The International
Labour Office (ILO, 1980) has published a standardized method to
evaluate and record the changes in chest radiographs that are caused by
respiratory exposures to dust. The system considers postero-anterior
radiographs. Care must be taken to ensure that the benefits of standard-
ized reporting are fully realized. Data should be entered on a standard-
ized form that is organized for ease and reliability of data entry. It is best
to organize the form so that all blank fields have to be completed,
regardless of findings. Forms that permit negative findings to be left as
blank fields can lead to uncertainty, as it is possible to confuse a blank
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field with missing data. The provision of clerical help, allowing readers
to dictate their classifications, can improve the reliability of recorded
information.

Each reader should have a set of the current guidelines and standard
radiographs of the ILO system and should be encouraged in written
instructions to follow those guidelines exactly. It is important to stress
that the ILO guidelines should take precedence over the reader’s desire
to diagnose medical conditions. Individual interpretation leads to in-
creased inter-observer variation and thus reduces the quality of surveil-
lance efforts. Interpretations should be confined to the “comments”
section of the recording form set aside for that purpose. The readers
should carefully compare each film with the standard radiographs
before deciding on their classification. To facilitate this comparison,
viewing boxes able to display at least three radiographs at a time should
be provided. Readers should be selected from among those with a
demonstrated ability to classify films for the pneumoconioses. While all-
important for surveillance programmes, this approach is less important
for the interpretation of X-rays for clinical purposes.

Film quality and technique

The classification of radiographs for screening or surveillance requires
films of excellent quality. The best films for the classification of
pneumoconioses are those that reveal fine details of pulmonary paren-
chymal markings, clearly demonstrate the costo-pleural junctions and
show vascular markings through the cardiac shadow. High quality film,
good film-to-screen contact, and proper use of grids are important to
create radiographs of a quality suitable for interpreting the effects of
dust on the lung. The desired technique, which provides good image
contrast for evaluating the pulmonary parenchyma, may be less satisfac-
tory for evaluating mediastinal structures or other chest abnormalities.
Descriptions of the technique of chest radiography to evaluate the
pneumoconioses are widely available and well summarized elsewhere
(Sargent, 1982).

Film quality has a significant effect on the classification of radio-
graphs for the penumoconioses (Reger et al., 1972). In general, there is
a tendency to read higher ILO categories for underexposed films, and
conversely, lower categories for overexposed films. Although this can be
partially overcome by experienced readers, the accurate classification of
poor quality films remains a problem.
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Reader skills and attitudes

The skills and attitudes brought to the process of reading chest radio-
graphs in occupational medicine must differ from those brought to the
clinical diagnosis of diverse pathologies. In clinical reading, the sole
purpose is to interpret and understand the individual’s condition, with
the aim of effecting a cure or at least alleviating the problem. In this
context, the aim is not the strict classification of disease in terms of the
ILO guidelines but rather is an overall assessment in which the I1LO
system may have an important though not overriding part. This prin-
ciple would extend to the reading of radiographs for compensation in
the context of disability litigation. The assessment of disability should
not rest absolutely on the mere presence or absence of radiological
abnormalities, but should take into account other information perti-
nent to the person’s medical condition.

In contrast, in reading for surveillance purposes, the objective is to
be as precise and consistent as possible, especially if multiple readers are
involved. Hence; diagnosis of disease should be de-emphasized in
favour of classification based on strict adherence to the ILO guidelines
and comparison with the standard films. In this respect, it is useful to
note that superior knowledge of and experience with the radiology of
the pneumoconioses has not always guaranteed good reader agree-
ment, and well trained lay readers have been able to provide reliable
classifications (Copland et al., 1981).

Insensitivity of radiographs for diagnosing pneumoconioses

No matter how good the film quality and how consistent the readers,
chest radiographs have inherent limitations in their ability to de-
monstrate consistently the changes of pneumoconioses. Pathological-
radiological correlation studies have shown beyond doubt that a
considerable amount of pulmonary abnormality can be present before
it is recognized radiographically (Gough et al., 1950; Gaensler et al.,
1972; Ruckley et al., 1984). The chest radiograph is also an insensitive
tool for detection of parenchymal fibrosis from asbestos. Up to 20% of
workers exposed to asbestos who have negative films have pathological
evidence of fibrosis that may be extensive (Kipen, 1987).

The International Labour Office classification system

The International Labour Office scheme for the radiographic classifica-
tion of the pneumoconioses is central to a description of the extent and
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severity of dust-induced lung disease in miners and other workers.
Guidelines for use of the system are published by the ILO and are
intended to be used with the standard films that illustrate the cardinal
features of the classification system (ILO, 1980). The scheme is de-
signed primarily to classify radiographic changes, often for epidemio-
logical surveys, on the chest films of workers who are exposed to dust,
with no pathological or etiological implication.

The system calls for the recognition and recording of both parenchy-
mal and pleural abnormalities. Parenchymal abnormalities, essentially
discrete radio-opaque regions, are classified for presence, shape, loca-
tion and profusion. Pleural abnormalities are similarly described by
type, site and approximate dimension.

Parenchymal opacities less than 1cm in size are by definition small.
Small opacities are divided into rounded and irregular types. If round,
they are classified as p, ¢, or r, as defined by size (p < 1.bmm, g = 1.5-
3mm, and r = 3-10mm). Irregularly shaped opacities are classified
as follows: s = fine linear opacities up to 1.5mm in width; ¢ = irregular
opacities 1.5-3mm in width; and « = irregular opacities 3-10mm in
width. Both round and irregular opacities can be seen and described on
the same film. Two-letter combinations are used to designate the overall
size and shape of small opacities. For example, if all lesions are rounded
and 1.5mm to 3mm in diameter, the film is recorded as ¢/¢q. When
opacities of different size or shape are present, another letter can be
used. The film could be graded s/g, for instance, if there are predomi-
nantly irregular opacities up to 1.5mm in width and a significant num-
ber of rounded opacities, 1.5mm to 3.5mm in diameter.

The profusion classification of opacities denotes the relative number
of round and irregular opacities per unit area of lung and is determined
after comparison with standard films. Major profusion categories are 0,
1, 2 and 3. These designations can be combined in binary fashion,
where the first number is the category of standard film decided upon as
most like the film being classified, and the second number is the alter-
native category considered but ultimately rejected. For example, a film
can be 2/2 if it clearly resembles the standard film of category 2;
however, a film can be 3/2 if it is most like the standard film of category
3, but the standard film of category 2 was seriously considered. There
are also endpoint classifications —/0 and 3/ +, which, together with the
numerical categories, complete the 12-grade I1LO scale.

Large opacities are defined as those greater than 1 cm in size and are
divided into A, B and C categories. “A” opacities are those greater than
10mm in diameter, where the sum of the diameters does not exceed
50mm. “B” opacities are large opacities where the sum of the diameters
is greater than 50mm, but the combined area of which is less than that
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of the right upper lung zone. “C” opacities are large opacities whose
combined area exceeds that of the right upper lung zone.

Pleural disease that can be described using the ILO classification
system includes pleural effusions, pleural calcification, diffuse pleural
thickening and pleural plaques (circumscribed pleural thickening).
A scheme for recording pleural thickening in profile and face-on,
as well as site, width, extent and calcification, is also part of the ILO
classification scheme.

The system further requires the reader’s opinion about the film
quality to be recorded as 1, 2, 3 or unreadable. There is also a provi-
sion to note radiographic abnormalities that could be unreldted to dust
exposure.

The ILO scheme has proved very useful as a method of classify-
ing chest radiographs for epidemiological research, identifying health
hazards and establishing exposure-response relationships. It is also
useful for screening and surveillance programmes, which must try
to recognize early radiographic abnormalities, to identify sentinel
health events and to monitor trends over time. The text of the guide-
lines discourages use in the medico-legal and disability compensation
arenas.

The standard radiographs used in the ILO system are periodically
reviewed, and the system itself is occasionally revised following consulta-
tion with international experts. More information on current practice
can be obtained from ILO (International Labour Office, 1211 Geneva
22, Switzerland). There is a trial currently under way of a new set of
standard chest radiographs, which may reduce their number from 22 to
16. Nevertheless, purchasing in the 1980 ILO reference films is worth
while since many of the films will be retained.
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Technical considerations in the use of spirometry

This annex describes recommended procedures in the recording, per-
formance and interpretation of spirometry in programmes of screening
and surveillance of workers exposed to mineral dust.

Recommended procedures and quality control

Spirometry tests should be conducted in accordance with the American
Thoracic Society’s (ATS) recommended spirometry standards, as well as
the recommendations of the European Respiratory Society (ERS)
(Quanjer et al.,, 1993; ATS, 1995). These standards not only establish
minimum requirements for the equipment used, but also the proce-
dures to follow in administering tests. A quality control programme is a
critical component of spirometry screening. The quality control
programme should include the adoption of a procedure manual de-
scribing the proper calibration, use and maintenance of all equipment,
requirements for record maintenance and the procedures of technician
training and monitoring. When screening information is collected from
multiple sites, centralized review of test quality is needed. If spirometry
results are to be interpreted longitudinally (i.e. if several tests
performed at various times on the same individuals are interpreted),
the quality control centre should attempt to identify survey biases. A
survey bias is an unexplained change in a group’s mean FEV, between
surveys. A record of calibration tests is particularly useful when a survey
bias is suspected, so that instrumentation errors can be evaluated as a
source of bias.

Interpretation
Test reproducibility

The first step in interpreting spirometry is to assess the quality of the
test. The lack of a sufficient number of acceptable test trials or inconsis-
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tency in results should be carefully considered during interpretation.
The presence of excessive flow oscillations in the spirogram, resulting in
the identification of the tracing as potentially unsatisfactory because of
presumed cough, may instead indicate a functional or structural disor-
der. The lack of a reproducible test result may be caused by disease and
has been shown to be associated with an increased risk of mortality in
cohorts that are occupationally exposed to pathogens (Eisen et al.,
1985; Kellie et al., 1987). In addition, shorter individuals may have more
difficulty in meeting reproducibility criteria than taller individuals.
Therefore, an individual’s results may sometimes be safely interpreted
even though the test is not considered reproducible by ATS standards
(ATS, 1995).

Comparison with reference values

The recommended method of interpreting a single spirometry observa-
tion involves the comparison of an individual’s observed FEV, values
with a reference value derived from cross-sectional data that take into
account subjects’ height, sex and age. Both ATS and ERS have recently
published statements on the interpretation of spirometry results (ATS,
1991; Quanjer et al., 1993). The cut-off values selected to separate
individuals for whom no intervention is warranted (presumed “nor-
mal”) from those for whom a preventive intervention is recommended
or required (presumed “abnormal”) should be chosen to reflect the
goals of the screening programme. For purposes of screening, where
the early identification of abnormality is the goal, these cut-off values
may be different from those generally used in clinical practice, where
the focus is on disease diagnosis and confirmation. Test sensitivity (the
ability of a test to identify accurately the presence of disease), specificity
(the ability of a test to identify accurately the absence of disease) and
the predictive value of both positive and negative results vary depending
on the cut-off values adopted and on the prevalence of disease in the
screened population.

Selection of reference values

Reference values for spirometry testing should be selected on the basis
of methodological, epidemiological and statistical criteria. Reference
values are generally derived from regression equations generated from
data on lung function gathered in healthy (often non-smoking) popula-
tions. Published reference values vary, not only for technical reasons,
but also because of differences in the population mean of the groups
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studied. These differences may relate to socioeconomic, psychosocial
and other factors. The ATS, for example, does not recommend a univer-
sal reference value for all populations, but instead recommends that, to
the extent possible, reference values be based on values obtained using
comparable equipment in a population with comparable age, physical
characteristics, socioeconomic background and ethnic origin (ATS,
1991). By contrast, the ERS guidelines recommend the use of one
equation for males and one for females, based on pooled data collected
from several countries. Almost all reference values are based on, at a
minimum, an individual’s age, sex and height.

For ethnic groups where specific reference values may not be avail-
able, some adjustment of the values obtained in Caucasian populations
may be possible. For example, the ERS recommends that, for subjects of
African descent, predicted values be multiplied by 0.87. This procedure
is not recommended by the ATS, nor does it appear to be justified on
the basis of a recent analysis of published data from over 30000 men
and women of sub-Saharan African descent (White et al., 1994). Some
variability between ethnic groups may be due to differences in the
average trunk length relative to average standing height (Quanjer
et al., 1993).

Criteria for abnormal FEV, based on comparison of reference values

Although the 95th percentile (the value above which 95% of the popu-
lation scores) is often used as the lower limit of normal (LLN) for
purposes of clinical interpretation, this may not be appropriate for
screening and surveillance. In some circumstances, where the purposes
of cross-sectional screening would be better met by a more sensitive
indication of abnormality, the 85th or 90th percentile might be selected
as the level that triggers further monitoring, investigation or other
action. The LLN is available, or can be calculated, from the data pub-
lished for most reference values. For example, the ERS notes thata LLN
approximating the 95th percentile can be estimated by subtracting 0.84
litres from the predicted FEV, value in men and 0.62 litres from the
predicted FEV, value in women.

Criteria for abnormal FEV, based on changes over time

A comparison of an individual’s current FEV, value with his or her own
FEV, value from the past may be useful, particularly for workers whose
FEV, is above the predicted value derived from a reference population.
A quality control programme is, it should be reiterated, especially im-
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portant if longitudinal changes are to be assessed. Because of consider-
able variability in FEV, values over the short term, a year-to-year change
of less than 15% should not be considered significant. For periods of
observation longer than a year, adjustment for the expected annual
decline in FEV, is appropriate. Therefore, the LLN for a follow-up FEV,
can be computed by taking 85% of the baseline value minus the ex-
pected decline over the period. An individual’s expected decline de-
pends on his or her age, but for practical purposes a value of 25ml per
year is often recommended. For example, an individual whose initial
FEV, is 4.00 litres would be considered to have an accelerated decline
in FEV | if his or her FEV, fell below 3.15 litres in 10 years ((0.85 X 4.00)
—(10 X 0.025)). This approach has been presented in more detail
recently (Hankinson & Wagner, 1993).

To increase the sensitivity of spirometry for screening purposes,
comparisons of an individual’s FVC and FEV, /FVC with the appropriate
reference values can also be done. However, because the FVC is usually
a more difficult parameter to determine accurately (being more
dependent on effort than the FEV)), the FVC and FEV,/FVC compari-
sons should be used only when there is reasonable assurance of their
reliability.
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Questionnaire development and use

Questionnaires are often employed in evaluations of the effects of
worker exposure to mineral dusts. An increased level of reported symp-
toms in the workplace should trigger and focus an environmental inves-
tigation. The Medical Research Council in the United Kingdom (MRC),
American Thoracic Society, European Coal and Steel Community and
International Union Against Tuberculosis and Lung Diseases have pub-
lished respiratory symptom questionnaires for use in epidemiological
studies (Ferris, 1978; MRC, 1986; Burney & Chinn, 1987). Programmes
for the screening of workers exposed to mineral dust often draw their
questions from these more comprehensive research tools. Critical issues
in the design and use of respiratory symptom questionnaires have been
reviewed in detail (Samet, 1978; Attfield, 1986). This annex summarizes
the relevant guidance for questionnaire use in the screening and sur-
veillance of workers exposed to mineral dust.

Questionnaire screening in isolation from other screening methods
lacks utility. Questionnaires should also be a part of a wider prevention
programme. They aid in the identification of respiratory symptoms,
trigger further medical investigation and treatment or support work-
place interventions to decrease exposure for workers. Conditions
caused by mineral dust exposure are reviewed briefly in Chapter 5 of the
text. Of the conditions listed, chronic bronchitis alone is defined by
responses to questions. Other conditions commonly have symptoms
that can be detected by questionnaires, but for most, more definitive
diagnostic methods are available. At the other extreme, there is cur-
rently no direct medical benefit from using questionnaires to screen for
work-related malignancies, because of the short period between the
onset of symptoms and the time that medical care is sought, as well as
the lack of effective interventions. Nevertheless, the documentation of
malignancies can be important in surveillance programmes.

Unlike other medical tests, questionnaires gather information that
the worker already knows. The information derived from question-
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naires can be very useful in permitting observation of patterns of symp-
toms in the workplace, but workers will generally require an explana-
tion of the importance of both individual and group results. To ensure
comprehensive and successful screening, it is essential to include work-
ers and their representatives in all phases of the development and
administration of questionnaires and in the interpretation and report-
ing of their results, as well as in the design of plans based on these results.

The questionnaire may be self-administered or administered by a
trained interviewer, depending on local conditions. The use of inter-
viewers provides the benefit of consistent questionnaire administration
and may be necessary in dealing with workforces comprising several
language groups or including illiterate workers. The possible disad-
vantages of using interviewers include the time needed to train the
interviewers and potential interviewer bias. A self-administered ques-
tionnaire has the benefit of reducing training requirements and person-
nel time but has the potential drawback of introducing a non-response
bias if workers ignore some questions. To avoid a non-response bias,
self-administered questionnaires may be checked for accuracy and
completeness while the respondent is waiting. The advantages and

Table 1. Comparison of the methods of questionnaire administration

Interviewer-administered questionnaires

Advantages
s Structured administration
e Reliability

* Adaptable to several language groups or to illiterate workers

Disadvantages

e Time and cost of training interviewers

e Possible observer bias

* Inconvenience (i.e. need to schedule appointments, etc.)

Self-administered questionnaires

Advantages

* Minimal cost and personnel requirements

e Convenience (i.e. can be mailed, etc.)

s Less stressful for workers (i.e. can be completed when desired and without real or
implied pressure)

Disadvantages

* Possible non-response bias

e Person other than the designated respondent may complete the questionnaire
e Must be simpler than an interviewer-administered questionnaire

* Requires literate respondent or surrogate

e Multiple versions necessary for workforces comprising several language groups
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disadvantages of interviewer-administered questionnaires and self-ad-
ministered questionnaires are summarized in Table 1.

Steps in questionnaire design and development
Clarify the goals of the programme

¢ Will the questionnaire be used for screening, surveillance or both?
® What are the diseases or conditions of concern?
® What kind of information would trigger a response or intervention?

Identify existing resources

¢ Is there already a questionnaire or section of a questionnaire re-
ported to be useful in screening for the conditions of interest?

® Can existing questions be translated into the relevant languages and
format?

Determine notification and reporting requirements

e What information will be needed for efficient notification of
workers?

® What, if any, information will be aggregated, analysed and reported
outside the worksite (either voluntarily or compulsorily)?

Plan for data analysis

* Have the personnel who will be analysing data been involved in the
process of questionnaire design?

¢ Will a particular format facilitate data analysis?

® Will data entry or analysis be technologically aided (e.g. by use of
optical scanning technology)?

Select question form and wording

® (lear, specific, short questions often stimulate the most reproducible
results and are easiest to analyse and track over time.

® “Skip patterns” are used in most standard questionnaires to elicit
more information about a positive answer. If the answer is negative,
the respondent “skips” to the next topic.

e Will the questions be understood by the respondents? Is the
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language used appropriate for their educational and cultural
background?

¢ The word-for-word translation of questions from an existing ques-
tionnaire may lead to misunderstanding, and it is usual to translate
and reverse-translate questionnaires several times before they are
considered ready for use in the target language. If comparability of
results with other workforces elsewhere is an objective, questions
should, if possible, be identical to those used in the other workplaces.

¢ Worker representatives and others familiar with the local language
should assist in the translation and design of questionnaires. The
ATS questionnaire has produced useful, valid, and comparable
results in English- and French-speaking workforces in Quebec
(Osterman et al., 1991), as have the JUATLD questionnaires in
English-, French- and German-speaking populations in Europe
(Burney et al., 1989).

* In many developing countries, which typically have experienced the
pressures of rapid urbanization, workforces are made up of several
different language groups, and the practice of translation and back-
translation in three or more languages is not practical. Even though
the reproducibility of responses may be adversely affected if workers
are not interviewed in their mother tongue, free translation by mul-
tilingual interviewers from a standard questionnaire (e.g. the ATS
questionnaire) can give answers to certain questions that are compa-
rable to those obtained in more homogeneous workforces (Becklake
et al., 1987).

Determine frequency of questionnaire administration

Depending on the characteristics of the target disease and the condi-
tions of exposure, parts of questionnaires may be usefully administered
with different frequencies. In many instances, a comprehensive baseline
questionnaire is useful on entry into the workforce. Subsequently, only
periodic information on work exposure, medical history and symptoms
need be recorded. Since questionnaires are not recommended as an
exclusive means of screening workers exposed to mineral dust, the
frequency of questionnaire administration is generally determined by
the periodicity of other programme components.

Organize the questionnaire logically

Group together questions that elicit demographic information, symp-
toms of concern, relevant medical history, the history of past work
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exposure, current work and exposures, use of protective equipment and
other exposure history (e.g. at home or during leisure time).

Edit the questionnaire

Assess the relevance and importance of each question.
¢ Ensure that the minimum data needed to fulfil the goals of the
programme will be collected.

Write instructions for questionnaire administration and coding

Develop a coding system that is consistent with data analysis. If a com-
puter will be used for data entry, allot areas on the questionnaire for a
coding system that meets the requirements of the software.

Pre-test the questionnaire

* Administer the questionnaire to a limited number of workers and
involve them in determining whether the questionnaire functions as
intended. Assess the clarity, validity and reproducibility of the ques-
tionnaire and identify any sources of bias.

* Revise the questionnaire as necessary.

Questionnaire analysis

The use and analysis of the questionnaire results should be planned
when questions are selected and intervention strategies are developed.
Actions to be recommended on the basis of questionnaire results
should also be defined. When data will be grouped and reported, or
analysed over time for an individual, the following steps should be
included in data analysis:

Checking questionnaires for completeness.

Maintaining a logging or tracking system for each questionnaire.
Coding questionnaires for data entry.

Entering data on paper forms or into a computer.

Verifying the accuracy of data entry.

“Cleaning” data by checking for outliers and inconsistencies. (A
computer can print out the distribution of every variable. Values that
fall outside an acceptable range should be checked.)

* Creating computer files for statistical analysis (when appropriate).
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* Reporting results to participants.
¢ Conducting and reporting analysis of aggregate data.

intervention

Interventions resulting from questionnaires may include referral for
testing (e.g. spirometry or chest X-ray), referral for medical examina-
tion or more comprehensive environmental monitoring and exposure
control. Upon completion of the aggregate analysis, exposure and risk
groups can be identified. When risk groups are recognized, controls
should be implemented to limit further exposure and unfavourable
health effects.

Assessment, review and revision

The contribution of the questionnaire to achieving the goals of the
screening programme should be periodically assessed. The question-
naire should be revised when needed, with the understanding that
changes in the wording, ordering and length of the questionnaire may
produce results that are not comparable over time. Nevertheless, the
non-comparability of results is of less concern in screening than in the
conduct of surveillance programmes or longitudinal epidemiological
research. However, unclear questions and questions producing no use-
ful information should always be revised or eliminated. If possible, new
questions should first be used along with the original questions in order
to check their comparability before the original questions are dropped.
If new information about health risks becomes available, more ques-
tions should be added.

References

ATTFIELD MD (1986) Respiratory questionnaires. In: Merchant JA, ed. Oceupational
respiralory diseases. Cincinnati, OH, National Institute for Occupational Safety and
Health (Publication No. 86-102), pp. 171-179.

BECKLAKE MR et al. (1987) Respiratory questionnaires in occupational studies: their use
in multilingual workforces on the Witwatersrand. International journal of epidemiology,
16(4):606-611.

Burney MB, CHINN S (1987) Developing a new questionnaire for measuring the
prevalence and distribution of asthma. Chest, 91(6):79S-83S.

Burney PGJ et al. (1989) Validity and repeatability of the [UATLD (1984) bronchial
symptoms questionnaire: an international comparison. European respiratory journal,
2(10):940-945.

67



SCREENING AND SURVEILLANCE OF WORKERS EXPOSED TO MINERAL DUST

FErrIs BG (1978) Epidemiology Standardization Project (American Thoracic Society).
American veview of respiratory disease, 118(6 Pt 2):1-20.

MRC (1986) Questionnaire on respiratory symptoms. London, Medical Research Council.

OsTERMAN JW et al. (1991) Comparison of French and English revisions of the Ameri-
can Thoracic Society respiratory questionnaire in a bilingual working population.
International journal of epidemiology, 20:138—-143.

SaMET JM (1978) A historical and epidemiologic perspective on respiratory symptom
questionnaires. American journal of epidemiology, 108(6):435—-446.

68



