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A
ccording to a 2000 estimate based on workforce data
and the CAREX (Carcinogen Exposure) database [1]
there were 386,000 deaths worldwide due to non-

cancer respiratory diseases (asthma: 38,000; chronic obstructive
pulmonary disease (COPD): 318,000; pneumoconioses: 30,000)
and nearly 6.6 million disability-adjusted life years (DALYs)
(asthma: 1,621,000; COPD: 3,733,000; pneumoconioses:
1,288,000) attributable to occupational exposure to airborne
particulates. The same figures for Europe were 52,700 deaths
(asthma: 6,200; COPD: 39,300; pneumoconioses: 7,200) and
868,000 DALYs (asthma: 139,000; COPD: 468,000; pneumoco-
nioses: 261,000). Respiratory diseases rank as the third most
prevalent occupational disease category (after ergonomic and
stress-related diseases) according to a survey of occupational
diseases in the European Union (EU). The prevalence of
respiratory diseases was 296 per 100,000 population, with the
highest proportion found in the mining industry. This amounts
to almost 600,000 persons in the former 15 member states.
Many of these diseases, though induced while working, are
chronic, thus explaining the highest prevalence among older
workers (0.5% aged 55–64 yrs).

Traditional high-risk occupations, such as mining, farming,
manufacturing and service work (e.g. hairdressers), are among
the professions with a high prevalence of occupational lung
diseases. However, high rates of occupational lung disease are
also seen in newer professions, such as public administration,
education [2] and occupational cleaning; the latter could be a
reflection of problems related to new cleaning procedures, as
found by the European Community Respiratory Health Survey
(ECRHS) [3], or to problems with indoor air in public spaces.

The pneumoconioses induced by exposure to mineral and
other dusts at high concentrations were the dominating
occupational lung diseases in the early industrialisation era.
Their prevalence has been decreasing during the past decades.

At the same time the obstructive lung diseases have gained
increased importance, first because these diseases are wide-
spread in the population, hence even small occupational
contributions are important for society, and secondly because
smoking has become less common during the same period,
thereby revealing the ‘‘true’’ burden of occupational expo-
sures, especially on COPD.

Although mining and quarrying are decreasing in industrially
advanced countries, new technologies have introduced known
exposures to new groups of workers. One example of this is the
recurrence of silicotic lesions in construction workers, shown
to coincide with the new technique of hand-held high-speed
tools now in common use on construction sites. These new
tools are a challenge to us all, since they introduce a potential
dangerous exposure to groups of workers unaware of the
associated risk [4].

For malignant diseases we are facing an epidemic of malignant
mesothelioma caused by the intensive use of asbestos up to the
late 1980s. The number of annual cases is predicted to increase
steadily until 2020 in the old member states, and perhaps even
later in the new member states [5].

A comparative study on the impact of type of labour on
mortality in 11 EU countries has shown that middle-aged
males in manual work run a two-fold higher risk of dying from
respiratory diseases, compared to non-manual workers (mor-
tality rate ratio from 1.63 to 2.63). Although these data are
based on mortality occurring up to 20 yrs ago, reflecting
exposures that occurred even earlier, the trends are still
important for public health reasons [6]. A Danish study
showed a negative association between social status in males
and mortality from respiratory diseases, which persisted after
correction for smoking habits [7]. It is a challenge to under-
stand the underlying reasons for the difference related to social
class. However, social class and smoking are linked to other
factors, such as education, social network and healthier
lifestyle, i.e. the ability to adapt to the changing challenges in
society. These factors all combine and are among the primary
reasons, but an important fraction of the social inequality is
probably related to working conditions which, by themselves,
increase the risk of chronic lung diseases like COPD and the
classic pneumoconioses occurring predominantly in manufac-
turing industries.

In this paper, a brief overview is given of the epidemiology of
the respiratory diseases involved, with their old and new risk
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factors. The information for the different respiratory diseases
comes from several sources. For a specific respiratory cancer,
such as mesothelioma, registered causes of death from national
mortality statistics can be used. For some diseases, such as
occupational asthma, occupational disease registries exist,
either as monitoring instruments or for insurance purposes.
For multi-causal diseases, such as COPD and lung cancer,
information comes from dedicated analytical epidemiological
studies.

DISEASES
COPD
COPD is responsible for an increasing morbidity and mortality
worldwide [8, 9]. The population attributable risk (PAR) from
occupational exposure is now estimated at 15–20% [10]. This is
far more than has been anticipated from earlier studies, when
smoking was thought to account for all or most of the disease.
A recent study of construction workers from Sweden showed
that the attributable fraction of dusty environments was even
higher. For smokers, 10% of the COPD was attributed to
occupational exposure, and among never-smokers 50% of the
COPD was attributed to occupation [11]. An analysis of the
occupational exposures on COPD in the ECRHS showed that
high exposure to dust and fumes, as defined by a job exposure
matrix, increased the risks from smoking by an OR of 1.60 (95%
CI 1.0–2.5) for chronic bronchitis. The risk was also present in
ex-smokers, but not significantly so [12]. Examples of occupa-
tional risk factors for COPD are dust, e.g. from coal, silica and
organic material, oil mists and welding fumes.

Occupational asthma and work-aggravated asthma
The ECRHS has shown a great variation in the prevalence rates
of self-reported asthma in different centres across Europe,
between countries as well as within countries [13]. The
increasing prevalence of asthma in childhood has resulted in
an increasing number of asthmatics entering the workforce,
producing new challenges for industries that traditionally
excluded asthmatics from employment. The new cohorts of
young people show a prevalence of allergy of 20% and of
asthma of 8%. This will increase the number of people
suffering work-aggravated asthma and be an increasing
challenge for the years to come.

Asthma is a disease occurring in people exposed to an
environment towards which they are susceptible. Twin studies
have shown that the environmental contribution to asthma is
,30% [14]. The burden of the environment is probably even
higher for adult-onset asthma. Atopy, defined as skin-prick
test reactions towards common inhalant allergens, is found to
be a risk factor in various occupations with exposure to high
molecular weight allergens of biological origin. For sensitising
agents causing non-immunoglobulin (Ig)E-mediated asthma
(mostly synthetic chemicals of low molecular weight), atopy is
not a risk factor. Although no uniform dose–response relation-
ship exists for allergens and other sensitisers, most well
performed studies of workers show a positive association
between the risk of asthma and increasing intensity of
exposure [15].

More than 400 different chemical and biological agents have
been shown to induce occupational asthma; for references on
causative agents please consult the Occupational Asthma website

in English [16] or Asmapro, a web server providing information
on occupational asthma in French and English [17].

The vast majority of these have been found on clinical grounds
and confirmed in experimental settings. It is, therefore,
important to consider, in each country or region, centralised
units with expertise in diagnosing occupational asthma,
including the capability of performing specific occupational
type bronchial provocation tests, which is considered the gold
standard for establishing the diagnosis and confirming new
causes. These facilities are particularly needed when new cases
of non-IgE-mediated asthma are suspected. One recent example
of such a finding in a multicentre study is the increased risk of
asthma in cleaners, found in the ECHRS study [3].

HIGH-RISK OCCUPATIONS
In France, the six highest risk occupations for occupational
asthma were car painters (33 per 100,000 per year), hair-
dressers (31 per 100,000 per year), woodworkers (22 per
100,000 per year), cleaners (six per 100,000 per year) and
healthcare workers (four per 100,000 per year) (from the
Observatoire National des Asthmes Professionnels, 1996–1999) [18].
The most often implicated agents were isocyanates, latex,
alkaline persulphates and aldehydes.

In the UK, occupational asthma is the most commonly
reported occupational lung disease in the Surveillance of
Work-related and Occupational Respiratory Disease (SWORD)
[19]. The rate of short-latency respiratory diseases was highest
in the mining industry (56 per 100,000 per year), mostly due to
a high rate of inhalation accidents, followed by the chemical
industry (33 per 100,000 per year), non-metallic mineral
products (30 per 100,000 per year), motor vehicle manufacture
(27 per 100,000 per year), food manufacture (23 per 100,000 per
year) and metal manufacture (22 per 100,000 per year).

For the respiratory diseases with a long latency, the British
SWORD system reported the rate of mesothelioma to be
highest among construction workers (18 per 100,000 per year),
followed by woodworkers (15 per 100,000 per year), electrical
workers (10 per 100,000 per year), coal gas workers (seven per
100,000 per year) and engineering (seven per 100,000 per year).
For pneumoconioses, the five highest rates were in construc-
tion workers (29 per 100,000 per year), followed by miners and
quarrymen (27 per 100,000 per year), woodworkers (19 per
100,000 per year), coal gas workers (15 per 100,000 per year),
and electrical workers (12 per 100,000 per year) [20].

Data on COPD related to occupation are scarce, since the only
recognised risk factor for COPD, until very recent years, has
been smoking.

Historical risks
Mesothelioma shows an increasing trend in the European
community, and it is estimated that the ‘‘epidemic’’ of
mesothelioma is going to peak around 2020 in Europe. At
the same time, figures from the UK show that there is a change
in the risk groups from the traditionally exposed occupations
towards secondary occupations, and females are now increas-
ingly developing mesotheliomas [21].

Pneumoconiosis prevalence has remained static over the years,
but is forecast to decrease in birth cohorts born after 1950;
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however, there will be a substantial proportion of the
population with pneumoconioses for the decades to come.

New risks
There is a constant change in industrial processes and
materials, creating new exposures to the workforce, and
sometimes these new environments create unforeseen risks to
the workers exposed. Thus, in the 1990s a very severe form of
interstitial lung disease, called Ardystil syndrome, affected
Spanish and Algerian textile workers who had been engaged
in spraying paints that were reputedly non-toxic [22, 23].
Another novel pulmonary disease, flock worker’s lung, has
recently been described in workers exposed to synthetic micro
fibres (flock) of nylon [24], polyethylene [25] or polypropylene
[26], although such polymeric materials are generally con-
sidered to be devoid of significant toxicity. Recently, serious
airways disease affected workers from plants producing
microwave popcorn ‘‘popcorn worker’s lung’’ [27, 28],
probably as a result of their inhalatory exposure to artificial
flavouring agents that are ‘‘generally recognised as safe’’ [28].

These examples, together with the constant increase in the list of
compounds causing occupational asthma, call for a constant
surveillance of the workforce, in order to identify new risks and
the resurgence of old risks in the workforce. Lately, it has been
shown in a range of studies from Europe that construction
workers run a risk of silicosis due to high amounts of dust
containing quartz liberated from construction materials during
cutting and drilling with high-speed tools. Because of the
dissemination and power of these tools, there is an increasing
bystander problem associated with their use [4]. In recent
analyses of the ECRHS, a new or not previously recognised risk
relating to cleaning has been shown, emphasising that conven-
tional workplace studies might not find risks associated with
work when these risks are disseminated across industries, and
not concentrated in single factories, which historically have been
the most frequent setting for occupational surveys [3].

A new type of compounds with a potential adverse impact on
respiratory health consists of manufactured (or engineered)
nanomaterials. So far, nanomaterials are a ‘‘cause waiting for a
disease’’. However, knowledge from experimental studies
with nanomaterials, and experience with environmental
nanoparticles (known as ultrafine particles) and with persis-
tent materials, such as asbestos fibres, must lead us to exert
extreme caution with the emergence of a vast range of
nanomaterials, some of which are, or will be, composed of
unusual chemical agents. Moreover, it must be realised that the
very reason why such great technological efforts are made to
develop and produce materials at the nanoscale is to obtain
properties that are not present at larger sizes. So, by definition,
the biological properties of nanoparticles cannot be inferred
simply from our knowledge of their classical chemistry. Thus,
although inhalation studies with some nanosized titanium
dioxide has been found to be non-toxic [29], this cannot be
generalised to all nanoparticles, and exposure to nanoparticles
should be limited to the minimum, since it is not clear what
drives the health effect of particles of this size. In view of the
increasing technological trend to develop nanomaterials, this
notion must be kept in mind whenever materials, even those
with a relatively good safety record (e.g. carbon), are devel-
oped for novel applications. This applies particularly for

materials with high bio-persistence, such as carbon nanotubes.
Thus, it is noteworthy that carbon nanotubes introduced into
the abdominal cavity of mice show asbestos-like pathogenicity
[30] and may induce mesothelioma in mice [31].

According to a review by the English Health and Safety
Executive, examples of industries where exposures to engi-
neered nanoparticles are likely to occur are: the nanotechnology
sector, primarily research and development, including univer-
sity departments and spin-out companies; existing ultrafine
manufacture; manufacturing processes, including carbon black
and fumed silica; and powder handling processes, including
paints, pigments and cement manufacture [32].

The economic burden and social consequences
A working group of the American Thoracic Society has
calculated the PAR for work-related asthma and COPD to be
,15% [33]. Since these diseases are common in the population,
the economic burden related to a PAR of this magnitude
constitutes a serious challenge to public health. An economical
analysis based on these PARs showed that the cost of
occupationally caused asthma and COPD would be approxi-
mately US$7 billion annually, not taking into account
pneumoconioses and malignant lung diseases. If these figures
are translated directly to the European area this would amount
to an annual cost of J5 billion in the old EU, and
approximately J6.4 billion in the greater EU including the
new member states. These predictions do not take into account
the loss of productivity and health related to increased
morbidity in the increasing proportion of the European
population with pre-existing asthma and allergies, when they
enter the labour market. At the same time, the workforce is also
getting older and a survey of European workers have found an
increasing prevalence of ‘‘breathing difficulties’’ in the group
of workers aged .55 yrs compared to the younger workforce
[34]. Several European states are in the process of increasing
the pension age and there is a need to focus on the
susceptibility of the older workforce when exposed to the
occupational exposures in the modern industrial setting.

For the individual experiencing occupational asthma, one
study has shown that affected individuals lose much more
income than asthmatics with another aetiology. This is
probably a reflection of the grave consequences it has on the
workability of persons whose disease is caused by exposures
that they have been trained to work with [35]. In this respect, it
is worthwhile underlining the effectiveness of primary and
secondary prevention in reduction of costs concerning occupa-
tional asthma and COPD [36].

REGULATORY ASPECTS AND DEVELOPMENTS
Exposure to toxic agents is regulated in different ways. An
important tool is the EU REACH regulatory process for
existing and new chemicals. The aim of REACH is to regulate
chemical products, and it will prescribe so-called exposure
scenarios and certain ways in which chemical agents have to be
processed, in order to reduce the exposure of workers in
processing industries and of consumers. However, major
categories of respiratory toxic agents with large populations
at risk, such as minerals and enzymes used in food production,
will not be regulated by REACH. In addition, agents that have
no particular owner like, for instance, combustion products,
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such as diesel particulates or micro-organisms producing
(endo) toxins on agricultural products, will not be regulated
by REACH.

An important alternative tool for preventing occupational
respiratory diseases consists of setting exposure standards.
Standards will tie exposure in the work environment to an
upper legal limit. The mechanisms for deriving occupational
exposure standards is very similar to the process that exists for
environmental exposure standards, such as the one for fine
particulate matter in the air. Usually a complete literature
review is produced and a risk assessment process should lead to
a proposal for a health-based occupational exposure limit. The
major producers of occupational standards have traditionally
been the UK (Watch Committee), the Netherlands (Dutch
Expert Committee of the Dutch Health Council), Germany
(The Senate Commission for the Investigation of Health
Hazards of Chemical Compounds in the Work Area) and the
Scandinavian Countries (Nordic Expert Group). In several of
these countries, standard setting procedures are under pressure
from deregulating governments. It is expected that in the EU,
the Scientific Committee on Occupational Exposure Limits
(SCOEL) will become the major standard setting body in the
near future. The aim of the SCOEL is to provide scientific advice
to the European Commission to underpin regulatory proposals
on exposure limits for chemicals in the workplace within the
framework of the chemical agents Directive 98/24/EC and the
carcinogens at work Directive 90/394/EEC as amended. Its
mandate is to examine available information on toxicological
and other relevant properties of chemical agents, evaluate the
relationship between the health effects of the agents and the
level of occupational exposure and, where possible, recommend
values for occupational exposure limits, thereby protecting
workers from chemical risks. However, this committee has a
low budget. Hence, production of standards has so far been
limited and the process is slow.

CONCLUSION
Respiratory diseases rank third among occupational diseases
in the European population. Furthermore, these diseases
impose serious social and life quality problems in the affected
people. Among the diseases with long latency time, the PAR
for COPD from occupational exposure is now estimated at 15–
20%. Among the diseases with short latency time, an
increasing problem is foreseen for work-aggravated asthma,
since there is an increasing prevalence of asthma in the cohorts
about to enter the workforce in the European countries.

Using US data on the economical impact of occupational
respiratory diseases, we estimate that the burden on the EU
member states amounts to J6.4 billion annually including the
costs in the new member states.

Therefore, there is a need for the EU to fight these diseases, and
to coordinate European and national strategies in this respect.
Only then will we be able to increase the health of the
workforce, and bring down the costs imposed on the health
system. It is imperative that the knowledge of the respiratory
burden is disseminated to employers, who bear the responsi-
bility for a safe and sound work environment according to
current EU legislation [37]. In 2006 the EU banned the handling
of asbestos in any form and a campaign was launched on the

safety issues of asbestos. In 2007 a new campaign was
launched to bring down the accidents and illnesses at work
by 25% by 2012. We need specific action to translate these
general aims into action for some of the major categories of
occupational respiratory diseases. There is a role for the
European Respiratory Society (ERS) in defining these goals
and ascertaining that these goals will be met in order to protect
workers’ respiratory health and well-being.

Last but not least many healthcare professions have limited
knowledge of occupational lung diseases, and the exposures
which cause them. This results in missed diagnoses and poor
advice about continuing or leaving work, and subsequent loss
of productivity. This lack of knowledge, and lack of teaching
resources in many medical schools, has been recognised by the
EU, which has supported the NETWORM (Net-based Training
for Work-related Medicine) project. This project provides
internet-based interactive cases that can be adapted to local/
national political and legal systems. The ERS will strive to have
occupational lung diseases included in the core curriculum of
general practitioners, as well as lung physicians, throughout
the EU and beyond, in order to enable health professionals at
all levels to recognise occupational lung diseases, whenever
they are confronted with such cases.
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