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INTRODUCTION

The recent ruling of the High Court in England that
chronic obstructive pulmonary disease (COPD) is a
compensatable condition in miners and ex-miners1 has
brought about renewed attention to the health hazards
experienced by workers associated with the coal mining
industry. At present a substantial and increasing proportion
of the UK coal output is extracted by surface opencast
methods, with a predicted output for the current financial
year of 17 million tonnes, with 50% coming from England
and almost 40% from Scotland.2
Respirable dust, i.e. inspired dust which reaches the
alveoli, is generally considered to comprise particles of less
than 2.5 microns aero-dynamic diameter. This article
reviews the health effects of respirable dust from opencast
coal mining on the workforce and in the community.
PM10 DUST

Most recent studies on the effects of air pollutants have
measured ambient concentrations of PM10 dust, which
can be defined as dust with an aero-dynamic diameter of
10 microns or less. Because PM10 dust is measured as a
concentration or mass per cubic metre, the number of
particles and the composition of the respirable dust aerosol
may change considerably with little or no detectable effect
on the overall concentration of PM10 dust. In 1995 the
Committee of the Medical Effects on Air Pollutants
(COMEAP) concluded that there was no clear evidence
that associations with adverse health effects of PM10 dust
were restricted to specific types of particles.3 COMEAP
considered that it would be imprudent not to regard the
acute associations as causal and that it would ‘be prudent
to consider the associations between long-term exposure
to particles and chronic effects as causal’. There is no
threshold level, however the lower the concentration, the
lesser the effects; the greater the concentration, the more
the effects.
COMEAP has recently quantified the acute effects of
air pollution by PM10 particulate matter linking a change
per µg/m3 with alterations to acute mortality rates from all
causes, respiratory hospital admissions and cardiovascular
hospital admissions.4 Likewise, COMEAP has estimated
the influence in asthmatics of changes in the ambient PM10
levels on symptoms and bronchodilator usage and evidence
of a clear association has emerged.5 However, a European
investigation6 found this association in some studies7-11 but
not in others; such an observation is in keeping with the
possibility that the composition of PM10 dust may be at
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least as important as the concentration. In other respects
the evidence is more consistent; studies from the USA12
and the UK13 indicate that an acute rise of 10 µg/m3 in
PM10 will result in the number of deaths increasing by
1%. The possibility that PM10 dust may exert a chronic
adverse effect on health and mortality is even more
disquieting.14 In their summary, COMEAP concluded that
‘while we accept that we may have understated the overall
effects of air pollution in the UK we can say with reasonable
confidence that the effects are likely to be at least as large
as stated in this report.’3
DUST FROM OPENCAST MINING

The Quality of Urban Air Review Group has estimated
the UK total PM10 emissions in 1995 at 232,000 tonnes,
with 12% (29,000 tonnes) derived from mining and
quarrying.15 Dust from opencast mining has two special
features: it contains particles of shale and a substantial
component of it is derived from diesel engine emissions.
Coal dust
Coal dust ranges from 1 to 10,000 microns. The larger
particles are not respirable and comprise most of the mass.
It seems improbable that opencast mining could produce
concentrations exceeding the present UK standard of 2
milligrams/m3 of respirable dust. However, the mass of
respired dust is a major factor in producing COPD16 and
coal dust simple pneumoconiosis (CDSP), with the duration
of exposure possibly being more important than dust
concentration.17 Other contributory factors in COPD, but
not in pneumoconiosis, include the quality of the coal and
its quartz content, and associated cigarette smoking. A
further major factor is attributable to individual
susceptibility.
In CDSP, the inflammatory response produced by
alveolar macrophage disintegration may ultimately result
in progressive massive fibrosis (PMF) with the process
becoming self-perpetuating. It follows that any respired
coal dust is clinically relevant though the effect may not
always be clinically detectable.
Diesel emission particles (DEP)
Diesel engine combustion from vehicles has been estimated
to be the single largest source of PM10 emissions,
comprising, in 1995, 18% (43,000 tonnes) of the total. This
represents a fall of 6,000 tonnes from 1993.18 Indeed a
principal objective of the UK national strategy for
maintaining air quality is the progressive reduction of
emission from diesel engines.19 Composition of PM2.5
dust (< 2.5 microns), which may be responsible for much
of the adverse health effect of PM10 dust, is dominated by
particles from secondary production and from vehicle
exhaust emissions, DEPs in particular.
At a recent Public Local Inquiry to extract coal by
opencast methods the appellants stated that the on-site
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consumption of diesel would be 50,000 litres per week at
a site where it was proposed to obtain 480,000 tonnes of
coal over four years.20 If these data are representative, it
can be estimated that the Scottish opencast sites (with an
annual production of not less than six million tonnes) will
involve an on-site diesel consumption in excess of two
million litres per week. This fuel is used by vehicles and
other machinery which do not require a road licence and
until recently has not been subject to any statutory
regulations regarding the production of DEPs. However,
a recent EC Directive has introduced a limit for new nonroad mobile machinery of 0.54g/kWh though this has yet
to be implemented in the UK. The proposal could contrast
with the limit of 0.15 g/kWh for on-road vehicles from
September 1998.21
It follows that although diesel consumption per square
kilometre of open-cast activity may be roughly comparable
to that in an urban setting, the actual DEP production in
opencast mining could be substantially greater. This onsite DEP production is not included in the estimations of
the ‘total’ PM10 emissions from mining operations. That
DEPs could be a problem has now been recognised22 but
as yet no attempt has been made to quantify the nature of
the environmental load.
Seaton and his colleagues have suggested that DEPs
below 1 micron in diameter may remain suspended for
weeks and drift many miles.23 They have proposed that
this acidic ultra-fine particulate may not only cause acute
respiratory illness in susceptible individuals, but may also
change blood coagulability sufficiently to account for the
increase in cardiovascular deaths and acute ischaemic
episodes associated with particulate pollution. They have
suggested that the numbers, composition and size, rather
than mass, of particles may explain ‘excess deaths occurring
in people who may be indoors while similar serious effects
cannot be seen in industrial workers exposed to much
higher concentrations of dust measured by weight’.
In considering the health effects of respirable dust arising
from opencasting it may be that these can be attributed as
much to diesel emission particles as to other sources of
increased PM10 production.
HEALTH HAZARDS IN THE WORK FORCE

Coal dust pneumoconiosis
The occurrence of CDSP in surface coal workers was first
recognised in 1928,24,25 and it was initially described in
opencast coal miners in the USA.26-28 It may occur even
when the average respirable coal mine dust is less than 1
milligram/m3. At first this condition appeared to be
specifically related to anthracite coal, but more recently
the Institute of Occupational Medicine (IOM) has reported
the results of a cross-sectional study involving 1,224 miners
at nine different sites in the UK where other varieties of
coal are mined:29 4.4% of the workforce had evidence of
radiological changes of ≥ 1/0, an incidence comparable to
that found in the States. There was ‘a strong effect of years
worked in the dustiest opencast jobs, indicating the role of
occupation in causing these radiological abnormalities.’
Five workers with CDSP were diagnosed. Two had
PMF, one of whom also had CDSP. In view of the probable
low concentrations of respirable coal dust it may seem
remarkable that any significant changes were detected.
There are a number of possible explanations. Those affected
may have been unduly susceptible, or they may have been
living in the vicinity of the opencast site and accordingly
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subjected to a prolonged duration of exposure.
Alternatively there may be an additive, or even synergistic,
effect between coal particles and DEPs, a possibility which
might not be encountered in deep miners.
Cross-sectional studies may fail to detect the prevalence
of CDSP and especially of PMF. The latter may only be
diagnosed after leaving the coal industry,30 and may occur
in workers or ex-workers who do not fulfil the radiological
criteria of CDSP.31
Chronic bronchitis
In the USA study, chronic bronchitis was defined as either
persistent phlegm production, regardless of complaints of
cough, or a moderate phlegm production with persistent
cough.26 In miners who had never worked underground,
the overall incidence was 25.5% varying between 20.3%
in non-smokers and 37.9% in smokers. The incidence
rose with age and with years of exposure. There was no
control group.
In the IOM study chronic bronchitis was defined as a
persistent cough with persistent sputum.29 21% of smokers
had chronic bronchitis in contrast with 6% of non-smokers
and ex-smokers. The incidence could not be statistically
related to level of dustiness of the working conditions. The
overall incidence in the work force was 13% in contrast
with an incidence of 22% in deep miners and 5% in the
control group of telecommunication workers32 provided
in the reference given by the Institute. However, the
reference which should have been quoted is a subsequent
report 33 which identified an incidence of 6% in
telecommunication workers and 9% in an albeit relatively
small sample of postmen, a group that may also experience
high occupational levels of DEPs.
That there appears to be an increased prevalence of
chronic bronchitis in the opencast workforce is consistent
with the extensive data available from deep pit miners.16
Asthma
The IOM study failed to find any increase in the incidence
of asthma (5%). The significance of this requires to be
interpreted with some caution. Subjects with respiratory
symptoms, particularly those with asthma, may be forced
to leave the employment if their symptoms are being
aggravated by occupational exposure.
HEALTH EFFECTS IN THE COMMUNITY

General considerations
There are important differences between the health effects
on a local community and on the workforce. Although
the workforce will be exposed to a higher concentration
of respirable dust, the duration of exposure will be greater
in the community by a factor of 4. If, for example, people
in the community respire 10% of the additional output of
dust respired by opencast workers, in 10 years they will be
exposed to the same load as that experienced by the workers
in 4 years.
The workforce largely comprises healthy men aged 1665 years. The community contains many outwith this age
group including the elderly, and those of all ages suffering
from cardiac and respiratory disease of such a severity as to
prevent them from working. The latter are most at risk
from an acute rise in atmospheric pollutants. The
community also includes infants and young children, who
might be most adversely affected by any chronic cumulative
effect. Using the example given above, the child born
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into a community which then experiences 20 years’
opencast mining activity, will receive the same occupational
exposure as a worker in eight years.
Specific studies
Three UK studies have related opencast mining to
respiratory morbidity in the community. Temple and Sykes
(1992) reported the experience of a General Practice in
Glynneath.34 Following the onset of mining operations
the practice noted a significant difference in the weekly
numbers of new episodes of asthma which rose from 4.4
per week to 7.9 per week. Commenting on this report,
COMEAP considered that the results were consistent with
an association between the opening of the opencast mine
and an increase in asthma consultation but that further work
would be needed to sustain a causal hypothesis.35
In October 1997 the Welsh Combined Study of Public
Health published the report on the acute effects of air
pollutants and the respiratory health of children in West
Glamorgan, involving children aged 8-11 who were
attending four schools on three sites.36 These were: (1)
Swansea City Centre, 129 children with high levels of urban
pollution; (2) Bishopton, 136 children, a village near the
sea with anticipated high ozone levels, and (3) Glynneath,
161 children at two adjacent schools in a rural community
with an active opencast site more than 1.5 km from the
school.37 The main clinical observations from the study
were that adjusted respiratory function tests were
significantly lower in Swansea (17 points) and at Glynneath
(11 points) than at Bishopton. The reported prevalence of
asthma varied considerably from 13% at Swansea to 23.4%
at Glynneath but these differences were considered to be
mainly due to differing diagnostic criteria. Despite PM10
levels being higher in Swansea than in Glynneath, there
was no demonstrable effect of PM10 dust on respiratory
function at Swansea. In contrast, at Glynneath during the
summer but not in the winter increasing PM10 dust levels
were associated with a decline in respiratory function. This
occurred in children with and without asthmatic symptoms.
The authors have suggested various explanations, one of
which was that ‘there is something different about the
nature of the PM10 dust in Glynneath that makes it different
and more likely to affect Peak Flow Rates’. The report
concludes by stating ‘the main finding of this study is that
ambient PM10 dust levels at Glynneath during the summer
of 1995 had a detectable adverse effect of respiratory
function in local children’. Improvements in the
technology of ‘fingerprinting’ PM dust are required before
the contribution of any particular local industry can be
assessed.
A further study using a Geographical Information
System was undertaken in Lanarkshire.38 This study showed
a statistically significant association between hospital
admissions with a primary respiratory disease and living
close to an active opencast site. The study also indicated
an association between the duration of the operations at a
specific site and a rising level of respiratory disease in an
isolated down-wind community. The authors recognised
various limitations in the design of the study: for example
it was only possible to incorporate 67 of the total of 102
opencast sites that were active during the 10-year study
period; the overall effect of these limitations would be to
under-report any association.
Inevitably these studies can be criticised. In contrast,
the evidence that fails to show a relationship between
Proc R Coll Physicians Edinb 1999; 29:11-15

opencast mining and respiratory ill-health does not exist.
Ongoing research
At present the Department of Epidemiology and Public
Health of the University of Newcastle is undertaking a
prospective study funded by the Departments of the
Environment and of Health.39 The results of the study are
expected in early 1999. The study is designed to test the
hypothesis that exposure to dust of opencast coal mining
may adversely influence respiratory symptoms and
morbidity in pre-school and primary school children.
The study group comprises children from five
communities centred within 750 metres of an active
opencast site and a control group of children living in five
matched communities. Although the protocol does not
include an objective measurement of respiratory function,
it is hoped that this cohort size will be sufficient to reach a
conclusion regarding the nature and extent of any health
effect in children. A longitudinal study would be required
to assess the cumulative or chronic effects in children.
RECENT DEVELOPMENTS

The Government has now presented to Parliament as a
White Paper the Review of Energy Sources for Power
Generation.40 One of the reports on which the Review
was based states that, as a result of planning restraints, the
opencast coal output from England is unlikely to exceed
3.0 million tonnes annually by 2003 but that Scotland ‘has
the capacity and currently the mineral planning climate to
produce of the order of 9.0 million tonnes per year’.
Since this article was first submitted for publication,
new draft guidelines have been published for England and
Wales.41 The Scottish Office has also separately published,
in draft form, new guidelines for opencast coal mining.42
These indicate that 4.0 million tonnes of the Scottish
opencast coal output were railed South in 1997. The
guidelines are aimed at providing much greater protection
for communities with regard to both the acute and the
chronic effects of opencasting. Major proposed changes
include the introduction of a separation distance, or buffer
zone, of 500 metres of opencast extraction and
communities. This one measure should do much to
mitigate the acute health effects of opencast mining.
Likewise, there are a number of proposals to reduce the
risk of chronic cumulative effects from respirable dust,
including limiting the duration of opencasting on any one
site to five years and restricting the number of sites in an
area. The new guidelines also state that the planning advice
notes on dust from mineral workings43 will be reviewed
once the result of the Newcastle study becomes available.
NEED FOR FURTHER RESEARCH

The new draft guidelines should provide communities with
a considerable increase in protection from the health effects
of opencast coal extraction. However, the nature of these
effects remains poorly defined, particularly regarding any
chronic effects.
COMEAP has identified a compelling need for more
research including ‘research for groups at special risk, the
elderly and especially the chronic sick’.3 At present these
health effects of opencast mining are not being addressed.
There is a need to improve our understanding of the
potential harmful affects of DEPs, especially emanating from
off-road vehicles in a rural, as distinct from an urban,
population. It is clear that much work requires to be done.
13

COMMUNICATIONS
As a first step it may be prudent to assess the scale of the
problem on those populations most at risk both with regard
to the acute cardio-respiratory effects and also to determine
if there is a quantifiable cumulative effect. A Geographical
Information System approach might be valuable and might
avoid the need to undertake a prospective study.
Information could also be obtained by assessing the health
status in communities that have been exposed to opencast
coal extraction for a period of ten years or more, and
comparing it with that of matched control communities.
As far as a cause is concerned, the possibility that DEPs
and fine coal particles have an additive or synergistic effect
requires to be considered, possibly using existing
experimental techniques.44-47
In the meantime, Government is to be congratulated
for drafting new guidelines which should help to protect
communities from the acute and the cumulative effects of
opencast coalmining.
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