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Abstract
Coal workers pneumoconiosis (CWP), as part of the spectrum of coal mine dust
lung disease (CMDLD), is a preventable and incurable lung disease that can be
complicated by respiratory failure and death. Recent increases in coal
production from the financial incentive of economic growth correspond to
higher respirable coal and quartz dust levels, often associated with
mechanization of long-wall coal mining. In Australia, the observed increase in
the number of new CWP cases since the year 2000 has necessitated a review of
recommended respirable dust exposure limits, where exposure limits and
monitoring protocols should ideally be standardized. Evidence that considers
the regulation of engineering dust controls in the mines is lacking even in highincome countries, despite this being the primary preventative measure. Also, it
is a global public health priority for at-risk miners to be systemically screened to
detect early changes of CWP and to include confirmed cases within a central
registry; a task limited by financial constraints in less developed countries.
Characteristic x-ray changes are usually categorized using the International
Labour Office classification, although future evaluation by low dose highresolution computerized tomography chest scanning may allow for CWP
detection, and thus avoidance of further exposure, at an earlier stage. Preclinical
animal and human organoid-based models are required to explore potential repurposing of anti-fibrotic and related agents with potential efficacy.
Epidemiological patterns and the assessment of molecular and genetic
biomarkers may further our capacity to identify susceptible individuals to the
inhalation of coal dust in the modern era.

Header: Coal mine dust lung disease (n=33)
Keywords: coal mine dust lung disease; coal mining; coal workers’
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Introduction
Inhalation of dust generated by coal mining can lead to the development of coal
mine dust lung disease (CMDLD). In addition to the classical coal worker’s
pneumoconiosis [CWP] and its severe and potentially fatal form, complicated or
progressive massive fibrosis (PMF), CMDLD also includes mixed dust
pneumoconiosis with co-existent silica exposure, chronic bronchitis,
emphysema, and dust related diffuse fibrosis (Table 1).1-4 Furthermore, dust
exposure can adversely affect the lung function of miners in a similar pattern to
chronic obstructive pulmonary disease (COPD), particularly for those who have
ever-smoked. Thus miners are a high-risk group for respiratory morbidity and
premature death. Given the extent of coal mining globally and its potential for a
large burden of disease, the respiratory health of coal miners remains an
important consideration worldwide.

Trends and distribution of CWP
 High income countries
In response to an unacceptable burden of lung disease in coal miners, in 1969,
the Federal Coal Mine Health and Safety Act (FCMHSA) of the U.S. established
statutory recommendations for respirable dust exposure limits for underground
and surface mines.5 Under the order of the FCMHSA, the National Institute for
Occupational Safety and Health (NIOSH) implemented the Coal Workers’ Health
Surveillance Program (CWHSP) to monitor the reduction in disease that most likely
resulted from new dust control regulations. In the U.S., this public health intervention
effectively reduced the CWP prevalence to one fifth for underground miners
from 11.2% during 1970-1974 to 2.0% during 1995-1999,6 and reduced
mortality from more than 15 to under 5 deaths per million.7 However since
2000, there has been an observed increase in the number of cases for
underground miners even for those aged less than fifty years who would have
spent their entire employment under the modern dust control regulations of the of
the FCMHSA.8 This recent increase in prevalence has been attributed in part to

increased coal mine dust levels, longer working hours especially at the face of the
mine, increased exposure to crystalline silica and employment in a smaller
mine.8, 9 Progressive mechanization with advancing mining equipment
technologies has resulted in more respirable dust being produced by fewer
miners.10
Unlike the surveillance for underground miners in the U.S., the FCMHSA did not
specify periodic health surveillance for surface miners. Comparable prevalence
data was lacking until a series of chest radiographs of surface miners was
reviewed between 2010 and 2011.11 Of 2,257 miners with at least 1 year of
surface mining experience, 2.0% (n=46) were found to have CWP with 0.5%
(n=12) having PMF, of whom most had never worked underground and most
were from the central Appalachian region of southern West Virginia, eastern
Kentucky, and western Virginia.6, 8, 10 Thus surveillance is also important to this
subgroup of miners.
In Australia over the past century, there has been a similar and dramatic decline
in pneumoconiosis-related deaths from any cause, including CWP, which has
plateaued to around five deaths per million since 1970.12 In 2006-2007, 16% of
pneumoconiosis-related admissions were attributed to CWP (n=34),12 which
may have been related to longstanding disease. In contrast with the U.S., CWP
mortality in Australia has been negligible since the 1970s. 7 Recently however,
sixteen cases of CWP have been unexpectedly diagnosed within the Queensland
mining industry, where this state produces the majority of Australia’s higher
quality metallurgical (coking or black) coal from both underground and open-cut
mines. These events have raised two issues. First, the recommended respirable
dust exposure levels vary between Australian states (2.5 mg/m 3 for New South
Wales13 versus 3 mg/m3 for Queensland,14) compared with 2 mg/m3 in the U.S
that has been reduced to 1.5 mg/m3 since July 1, 2016. Second, doubts have been
raised as to the effectiveness of the modern engineering dust controls in the
mines to prevent overexposure of miners to respirable dust. Neither
performance nor the effectiveness of these dust controls have been the focus of
global regulatory requirements, in spite of a substantial increase in global

production from all forms of mining.
 Low-to-middle income countries
In China, CWP is the main occupational lung disease and accounts for over half of
the total new cases of pneumoconiosis. This equated to 13,955 new cases in
2013.15 In a systematic analysis of 11 Chinese reports published between 2001
and 2011, the pooled prevalence of CWP was estimated to be 6.0%,16 based on
10,821 cases in 173,646 dust-exposed Chinese workers. This was relatively
higher in local mines compared with state-run mines, and compares with a
prevalence of 3.2% in the U.S. and 0.8% in the U.K. during a similar time period.
Although CWP is a serious health issue in other countries of the Asian Pacific
region, there are few studies that describe the extent of the problem. A
comprehensive report was published from Vietnam almost 20 years ago and this
described very high rates of pneumoconiosis from ‘special field studies’ that
were conducted by the Government of Vietnam. This contrasted with official
statistics for silicosis from the National Institute of Labour Protection (NILP)
which acknowledged these figures were an underestimate of the true
frequency.17 As coal miners with respiratory symptoms were usually funded to
have a chest radiograph, many miners with asymptomatic disease were not
identified despite the potential benefits from earlier intervention. At the time,
traditional manual work was the predominant mining technique, yet the
respirable dust concentration in one underground coal mine was reported to be
over 30-times higher than the national standard. Silica concentrations in open
cut mines were estimated to be between 12 and 28%,17 so the cases might
represent mixed dust pneumoconiosis which is an entity that is now formally
recognized within the CMDLD spectrum.
The Global Burden of Disease (GBD) study estimated the age standardized death
rate per 100,000 persons to halve from 0.8 in 1990 to 0.4 in 2013, largely for
low-to-middle income countries.18 However this mortality data was collected at
two time-points, and may not have been substantially influenced by the recent
upward trend in CWP prevalence.

Clinical, pathological and radiological features of CWP
 “Phenotypes”
Over the years, CWP has been typically diagnosed in a coal miner who has had
considerable dust exposure accompanied by compatible chest radiographic
findings,2 The latency period is usually more than 10 years, although it has been
reported for miners working as few as six years in Vietnam.17 The recent trend of
a longer latency in China may relate in part to more effective dust control
protocols.19 A large number of CWP cases are diagnosed after a miner ceases
employment.2 Even in the context of dust exposure at low levels, some miners
can develop CWP 15 to 20 years after exposure.19, 20
From the series of 495 cases diagnosed between 1963 and 2014 in Eastern
China, compared with miners with early or stage 1 CWP, the mean age of
diagnosis was earlier for miners with the most severe disease (43.3 versus 52.3
years).19 This was despite a similar duration of dust exposure. In this same case
series, the mean age of death for CWP cases was less than the mean age of CWP
survivors which was similar to the baseline population (56.8 versus 71.6 years).
This observation of differing lung function trajectories resemblances the
traditional classification of simple and complicated CWP (Table 2), with a
subgroup of younger and more susceptible miners having a worse prognosis.
More recent data has shown consistent decrements in FEV1% of predicted across
a range of radiographic profusion subcategories, and this reflects the progressive
nature of the disease.21
Of concern is the overrepresentation of younger miners in the subgroup with
rapidly progressive CWP, defined by the development of PMF and/or an increase
in small opacity profusion greater than one subcategory over five years.9 Genetic
predisposition as discussed below may play a role. Consistent with mixed dust
pneumoconiosis, recent evidence from histopathological specimens has found
silica to be present in high concentrations in the lungs of workers with rapidly
progressive pneumoconiosis. 22

 Pathological features of CWP
Coal dust accumulation in lung tissue leads to a variety of pathological findings
from innocuous airway anthracosis to irreversible lung fibrosis and emphysema.
Coal dust accumulates in the terminal bronchovascular bundle and is engulfed by
alveolar and interstitial macrophages which result in the formation of
pulmonary macules and nodules with deposition of dense collagen fibers.23 Focal
emphysema changes around respiratory bronchioles wall can also be observed.
The stimulated release of pro-inflammatory cytokines including tumour necrosis
factor-α is a potential biomarker of lung pathology,24 and iron within coal dust
may reflect the extent of exposure and be a marker of oxidative lung damage.1, 25
 Radiological features of CWP
Classical chest x-ray reticulonodular features are typically categorized according
to the ILO (International Labour Office) International Classification of
Radiographs of Pneumoconiosis, and this was updated in 2011 to extend its
applicability to digital images.26 As distinct from the ILO classification system,
the Chinese National Diagnosis Criteria of Pneumoconiosis (GBZ 70-2009) is
used in China. The diagnosis can be made by consensus readings, expert panel
readings, independent B reading and final determinations derived from multiple
independent readings.
Both CWP and silicosis are typically characterized by small (<1 cm) nodular
interstitial opacities in the upper zones. However, radiological features of CWP
may not be typical. An evaluation of the U.S. Coal Workers Health Surveillance
Program (CWHSP) over 30 years found 38% of coal miners with radiographic
interstitial changes had predominantly irregular opacities, of whom 41% were
largely confined to the lower lung zones.27 These irregular opacities on plain
films are also a feature of mixed-dust pneumoconiosis, as opposed to the
predominance of rounded opacities in silicosis.28 Dust diffuse fibrosis (DDF) is a
specific form of CMDLD with radiological findings similar to those seen in
idiopathic pulmonary fibrosis, including lower lobe interstitial opacities,
honeycombing and traction bronchiectasis.29, 30

Complicated CWP, or progressive massive fibrosis [PMF], has been observed to
occur in around one-third of cases that fulfilled criteria for rapidly progressive
CWP,9 and features the coalescence of smaller opacities to large nodules of at
least 1cm in size. 3 In cases of suspected lung malignancy, positron emission
tomography (PET) scanning is of limited value because the majority of nodules
more than 1cm in diameter can be metabolically active. 31 This can lead to a false
positive result as standardized uptake values can overlap with malignant
nodules.1
 Clinical features of CWP
The respiratory symptoms of CWP are non-specific and most overlap with other
coal dust related conditions such as chronic bronchitis, COPD and emphysema.32
Black-pigmented sputum production (melanoptysis) can occur when large
nodules necrotized and liquefied into the airways. Lung function patterns
include chronic airflow obstruction, true lung restriction, mixed ventilatory
defects, and reductions in carbon monoxide diffusing capacity, 1, 33 and these can
vary according to the inhaled silica content, stage of disease and extent of
tobacco smoke exposure. Even in the presence of radiologically confirmed
pneumoconiosis, airflow obstruction seems to play a predominant role in coal
workers breathlessness.34 Coal miners are frequently exposed to cigarette
smoke, diesel exhaust and bio-aerosols and this can make it difficult to
determine the role of coal mine dust in miners who develop COPD. In a series of
722 CWP autopsies, Kuempel and colleagues recently demonstrated that coal
mine dust exposure was associated with a greater risk of developing emphysema
compared with cigarette smoking in their population.35 Furthermore, coal mine
dust exposure is a predictor of chronic bronchitis and emphysema mortality
even in non-smokers.36, 37
High resolution computed tomography of the chest (HRCT) should be performed
in coal workers with either borderline interstitial findings on plain radiographic
films or in whom other diagnosis like neoplasm, vasculitis, hypersensitivity
pneumonitis or mycobacterial infection need to be considered. Open lung biopsy

or bronchoscopy sampling is usually not necessary in patient with significant
exposure and typical imaging.
Cardio-pulmonary exercise testing can be used to assess a patient’s physical
limitations and the impact of lung disease. In CWP patients, a high ventilatory
equivalent ratio for oxygen (suggesting mismatch between ventilation and
perfusion) has been found to be the best predictor of dyspnea severity when
compared with other functional indices.34 An early and accelerated FEV1 (forced
expiratory volume in one second) decline has been suggested to relate more
closely to small airways disease than to either emphysema or fibrotic lung
disease.38 Interestingly, recently published results in a broader mild to moderate
COPD population with functional assessment of small airways with expiratory
and inspiratory CT technique were consistent.39 Early recognition of small
airways disease might be beneficial in detecting workers at risk of COPD
development; these observations need to be reproduced by a larger cohort with
detailed functional and radiological assessment of the small airways.
Severe pulmonary fibrosis associated with significant impairment in gas
exchange may lead to chronic hypoxemia, pulmonary hypertension and right
heart failure. Particularly for low-to-middle income countries, CWP can be
complicated by Mycobacterium tuberculosis superinfection, especially when
associated with silica exposure and more advanced stages.19, 20

Environmental risk factors
The early development of simple CWP is regarded to be the most important risk
factor for the development of complicated pneumoconiosis which is closely
related to the intensity and duration of respirable dust exposure.40 Modern
mining technology used globally that has the capability to generate high volumes
of coal per shift has been identified as a major determinant for the recent
increase in CMDLD. In Australia, for example, the development of medium and
thick seam mines has allowed the installation of bigger and more productive
longwall equipment. Such longwall mining practices has been compared with

other underground mining techniques in Table 3.
In terms of respirable coal (and silica) dust exposure, besides the type of mine,
important factors to consider include the profile of the coal; tenure and hours of
employment; job type ranging from rock driller to dozer operator; job duties
such as tunneling, set explosives or shoveling coal; and the pattern of respirator
or mask use (Figure 1).2 Diesel-powered machinery can generate diesel exhaust
particulates and transporting coal out of the mine can disperse particles further.
Specific to underground mines, the type and effectiveness of the engineering
dust controls, mining technique, coal seam height, time spent at the coalface, the
use of powered air-purifying respiratory helmets, and adequacy of dust control
with water sprays and ventilation systems are highly relevant. For surface
mines, factors to take into account include the amount of dust in open or
enclosed cabs while operating heavy machinery, and the time spent outside
cutting, drilling or blasting rock.2
With the progressive mining of thinner coal seams by the industry, particularly
in the U.S., an increased co-existence of silica-related fibrosis can contribute to
CWP.7 This in part explains the higher prevalence of CWP in the U.S. in spite of
lower recommended respirable dust limits, where the 2 mg/m3 limit was based
on a 1.4% risk of PMF for miners working with medium to low rank coal.41 The
practice of roof bolting that is particularly frequent in the U.S. is closely linked to
silica exposure as these miners work outside the coal seams in quartz-containing
rock.2, 10

Prevention
There is no cure for CWP, therefore prevention is crucial. CWP can be associated
with reduced lung function, even prior to the development of chest radiograph
changes.42 This provides an opportunity to monitor lung function by means of
serial spirometric measurements ranging from annually to 3-yearly, in addition
to radiographs.43 This is currently recommended for U.S. miners,1 particularly if

symptomatic of dry cough and/or progressive breathlessness on exertion. The
early identification of CWP is essential to implement appropriate management
and make potential changes to employment. However, even after dust exposure
has ceased, PMF can appear or if present, progress as manifest by an accelerated
decline in lung function and/or development of typical radiographic changes. A
comprehensive and coordinated approach to regular screening is important to
secondary and tertiary preventative strategies that can improve quality of life
and life expectancy. This may be limited by financial constraints in low-tomiddle income countries, but this is especially important as respirable dust
concentrations can be relatively high and pulmonary tuberculosis may
complicate advanced CWP and mixed dust pneumoconiosis in up to 6-7% of
cases,19
Mining operators of all underground and surface mines have a responsibility to
ensure that respirable coal dust and silica exposures remain below
recommended or regulatory levels. In some countries, compliance sampling
methods that average respirable dust concentrations may conceal instances of
several random samples that are well above the limit,7 which may otherwise be
detectable by continuous monitoring. Between 2012 and 2014 in Queensland,
Australia, the estimated mean respirable dust concentration for workers in
longwall production was below the recommended limit of 3 mg/m3, but
periodically this level peaked above 6 mg/m3. These exceedences occurred
particularly during 2014,44 and in the absence of a change in monitoring ±
measuring practices, this is consistent with progressive mechanization. Whilst
engineering dust control equipment and processes are reasonably standardized
throughout the world, the equipment and processes implemented can vary from
mine to mine,45 Wearing respiratory protection equipment can limit dust
exposure, but a more comprehensive evaluation of the type and practices is
needed.
From an Australian perspective, surface and underground coal miners are
recommended to be part of a periodic surveillance system to identify early
CMDLD,11 At-risk miners who could be part of a more targeted intervention

include those with early and more prolonged coal mine dust exposure, those
with a greater exposure to silica dust and/or tobacco smoke, and especially
those with respiratory symptoms. Personal continuous dust monitoring devices
is an option to more accurately document and worker’s true exposure.43 As a
priority, the surveillance system requires a coordinated approach to the timely
reporting of tests and effective communication of potential CMDLD to individual
miners.
Although the use of low-dose conventional and HRCT scanning for screening
purposes has not been accepted internationally,1, 46 it offers the advantage of
being more sensitive at detecting reticulonodular patterns in early
pneumoconiosis than plain films alone,47 Further evaluation of this potential
screening tool will need to encompass the management of potentially malignant
pulmonary nodules, especially for miners with other known risk factors. At least
in Australia, this evaluation would be extended to include the feasibility of
conducting these investigations as some miners would need to travel up to
150km to such a facility, and whether it is cost-effective at a population level.
Patients with CMDLD should be offered best supportive care that includes
exposure avoidance, smoking cessation, pulmonary rehabilitation, appropriate
disease burden compensation, home oxygen and lung transplant evaluation
when eligible.

Future scientific approaches
1) Epidemiology and Public Health
Prospective cohort studies of coal miners would ideally have serial lung function
measurements and chest radiographs, which can correspond with the testing
performed in periodic health surveillance programs. Specifically, adverse
respiratory health outcomes such as impaired lung function growth, accelerated
lung function decline and/or compatible radiological findings can be used to
identify risk factors for early onset disease. To complement routine

questionnaire data including personal smoking history, other epidemiological
questions could be incorporated into the periodic health visits to help address
formulated research questions. Establishing any evidence of reduced lung
potential by comparing coal mine workers with non-mining workers may then
influence the medical workforce, industry and government to guide public policy
in the interests of coal miners.
For countries that have collected insufficient information about the health of coal
miners and burden of pneumoconiosis, well-designed epidemiological studies
should ideally be undertaken. Differing radiographic classification is an
important consideration for international studies that collaborate with China. As
working environments have become more heavily polluted with increasing
economic incentives to mine coal, there also should be strong focus on assessing
the adequacy of dust monitoring and controls in order to minimize dust
exposure wherever possible.
2) Molecular Biomarkers
The primary underlying mechanism of CWP relates to the release of proinflammatory cytokines by alveolar macrophages, which eventually lead to
interstitial fibroblast formation and coalescing of fibrotic nodules into
conglomerate masses. Compared with coal dust, dust from silica is highly
fibrogenic and so silicosis as a single entity has been more extensively
investigated in animal models and in human cell culture systems. Similarities
with a murine-based model of bleomycin-induced fibrosis have been seen.48
Currently there are no reliable, validated biomarkers for CMDLD in human
cohorts.24 Many lack specificity, or require invasive testing such as bronchoscopy
or lung biopsy. There is, however, extensive preclinical in vitro and in vivo
animal data. Early biomarkers that might correlate with the extent of exposure
include those of oxidative damage, antioxidant enzymes, reactive nitrogen
species (RNS) and oxygen species (ROS) and the activation of downstream
transcription factors such as NFkB and the STAT family that activate
inflammatory and fibrogenic gene expression programs. While most relate to

silicosis, the oxidative damage marker of iron within coal dust appears to
correlate well with rates of pneumoconiosis in different mining regions,
especially the more bioavailable and complex forms.1, 25 Tumour necrosis factorα (TNF-α) and its receptor are potential candidate biomarkers that might reflect
lung pathology at a cellular level before the development of CWP and silicosis.24
TNF-α and interleukin-8 are pro-inflammatory cytokines which have been
associated with the presence and progression of CWP, although both still require
validation using well-designed and adequately powered prospective cohort
studies.24, 49, 50
3) Genetic testing and genomic biomarkers
Genetic-based research using case-control study data has been largely been
performed in China, and has focused on the potential for genetic factors to
predispose to CWP particularly in relation to inflammation and silicosis. No
genomic markers, however, have been validated to date.1 This includes potential
susceptibility loci from genome wide association studies (GWAS, rs73329476,
rs4320486, and rs117626015),51 and the T1559C/rs5368 polymorphism.52
Regarding TNF-, the TNF- ‒308A allele has been linked to ever having CWP
especially with nodules as opposed to PMF,53 whereas TNF- promoter TNF2
polymorphism has been associated with the development of large opacities.54.
Other identified polymorphisms include IL-4 C-590T55; cyclo-oxygenase-2
rs689466 and rs2041756; microRNA-149 rs2292832 TT57; a potentially
protective effect of MMP3 rs522616 GG58; and NLRP3 rs1539019, especially in
early disease.59 The latter is of particular interest given evidence implicating the
NALP inflammasome in silicosis, activation of the Nalp3 inflammasome by
silicates,60, 61 in the context of mixed dust pneumoconiosis. However, genetic
candidate markers may be most relevant to future research that examines geneby-environmental interactions as contributing factors for rapidly progressive
CWP, while considering racially-restricted CWP susceptibility gene
polymorphisms may exist.
4) Novel mechanism and drug discovery

Although limited to date, there is great potential for filling the knowledge gap
with regard to mechanisms and drug targets specific to CWP. Examples of recent
work in murine models of silicosis include the demonstration that the Wnt/βcatenin pathway is required for activation of TGFβ and fibrosis.62 Dasatinib, the
FDA-approved kinase inhibitor, has been shown to ameliorate structural changes
in the lungs as well as changing macrophage phenotype in an intervention that
commenced once disease had been established,63 as have annexin A1 mimetic
peptides.64 The assessment of short-term responses of single cell populations in
culture systems, known as high throughput screening, is a particularly useful
approach to drug discovery. However, silicosis and pneumoconiosis represent
multicellular pathological processes that are likely to be more amenable to lower
throughput of drug candidates using organoid-on-a-chip type technologies.65

Cost and cost-effectiveness strategies
CWP is a progressive, debilitating and potentially fatal disease and the financial
burden it forces onto patients, families, Governments and the wider community
is costly. The U.S. spends an estimated $US 1 billion annually in treatment and
compensation. In China, which has a high prevalence of CWP, the future medical
treatment, welfare and associated costs were estimated in 2011 to equate to
0.55% of its 2009 gross domestic product, thereby placing a substantial burden
on its economy.66 Furthermore in China, there have been attempts to
economically evaluate preventative strategies including the use of advanced
protective equipment.67
Even in high-income countries, the increasing CWP prevalence is still of great
concern. In Australia, there has been a call to standardize recommended
exposure parameters and monitoring procedures, to implement a
comprehensive screening program and establish a centralized occupational lung
disease register.33 There is also a need to employ methods such as costeffectiveness which have been used to evaluate other occupational health

interventions like silicosis.68 Such an analysis could involve costing this program
of prevention and early diagnosis of CWP, PMF and other lung related fibrotic
diseases; benefits in terms of potential downstream cost-savings that may arise
(reduced hospitalizations); as well as modelling the improvements in health
outcomes. The potential benefits from the prevention of these diseases could
also be quantified using Quality Adjusted Life Years that capture the likelihood
for gains in survival and quality of life from preventing cases of lung related
fibrotic diseases that are due to exposure to coal dust. The purpose of such an
evaluation would be to measure the impact of these diseases and to look at the
cost and cost-effectiveness of strategies for prevention. This would enable
governments and industry to assess whether a greater commitment of resources
is required given the expansion in industry and re-emergence of some miningrelated lung diseases in recent years.

Conclusion
Coal worker’s pneumoconiosis in its most severe form can lead to chronic
respiratory failure and premature death. A high cumulative exposure to
respirable coal and especially silica dust is central to the development of CMDLD,
and other possible susceptibility factors are still not well defined. With improved
technology of mining equipment to maximize productivity in recent decades,
there has been a resurgence of CWP that has attracted media attention and
political interest in higher-income countries. Globally, there is evidence to
support the need for a greater emphasis on the efficiency and performance of the
engineering dust controls in mines and stricter policy to facilitate early detection
and timely treatment for miners in the coal industry. Recommendations include
more stringent measurement and monitoring of respirable dust exposure levels,
a more systematic screening program and a centralized registry of CWP cases.
Improved collection of epidemiological data may identify at-risk miners, and in
doing so, provide information for health education strategies and a new platform
to validate candidate biomarkers and develop experimental models including
novel drug discovery; although there are substantial financial barriers for some
countries to adequately address the health problems of coal mine workers.17

The prevention of CMDLD is an important public health target, and the quality of
life cost utility may enable governments and industry to ultimately develop costefficient strategies for its prevention.

Key points


Coal workers pneumoconiosis (CWP) is a preventable and potentially fatal
occupational lung disease without a clearly proven effective treatment, that
has been incorporated into the spectrum of coal mine dust lung disease
(CMDLD)



After successful control of the disease in some high-income countries, there
has been a reappearance or an increase in cases of CWP, in association with
increased coal production and greater mechanization of mining techniques



Compared with Australia, a greater prevalence of CMDLD for mines that have
higher respirable silica dust concentrations may reflect a rise in mixed-dust
pneumoconiosis-related cases



In addition to excessive exposure to respirable dusts, increased susceptibility
that manifests as a more severe and progressive disease has been seen in
younger miners, and the predisposing factors have not yet been well defined



Effective dust monitoring and control are a crucial step to ensure employer
adherence to the recommended respirable dust limits, which is a task that is
especially challenging for low-to-middle income countries



Early disease recognition together with efficient reduction/elimination of
ongoing respirable dust exposure is central to minimizing the emergence of
the severe form, progressive massive fibrosis



The rising prevalence in global burden creates an imperative for efforts to
discover new and effective treatments



Future research into the potential use of HRCT chest scanning,
epidemiological identification of at-risk miners and validation of candidate
biomarkers will advance scientific knowledge that aims to improve the
health of miners in the coal industry.

Table 1. The spectrum of CMDLD
Nature of lung function
changes

Diagnoses

Normal lung function in
most cases

Anthracosis †
Chronic bronchitis
Caplan’s syndrome (rheumatoid pneumoconiosis) ‡

Restrictive pattern

Coal workers’ pneumoconiosis (CWP)
-

Simple CWP
Rapidly progressive pneumoconiosis (RPP)
Progressive massive fibrosis (PMF)

Mixed dust pneumoconiosis (MDP)
Diffuse dust-related fibrosis (DDF)
Obstructive pattern

COPD, with and without smoking history

Mixed pattern

Restrictive CMDLD with COPD

Definitions of Abbreviations: COPD, chronic obstructive pulmonary disease; CMDLD, coal mine dust
lung disease
† Endoscopic and/or pathological diagnosis
‡ Also associated with mild restriction in some cases

Table 2. Epidemiological comparisons between traditional CWP categories
that represent opposing ends of the spectrum of CMDLD
Traditional CWP phenotypes
‘Simple CWP’

‘Complicated CWP’

Alternate
nomenclature

Anthracosis

Progressive massive fibrosis (PMF)

Age

Tends to affect older
miners

Younger miners are overrepresented 19

Symptoms

Few

Longstanding cough +/- exertional
shortness of breath

Latency

Typically >10 years

Typically >10 years

FEV1 decline

Minimal change

FEV1 decline >60ml/year greater
than miners without CWP 38

Prognosis

No difference in
mortality 19

At risk of respiratory failure and
premature death

Intervention

Adequate dust control
and health surveillance

Adequate dust control and health
surveillance

Definitions of abbreviations: CMDLD, coal mine dust lung disease; CWP, coal workers’
pneumoconiosis

Table 3. Description of mining techniques and procedures 2
‘Room and pillar’
mining

Underground
mining

Coal is mined and
remaining ‘pillars’
provide roof
support

Conventional mining
Holes are drilled then blasted using
compressed air or explosives
‘Continuous’ mining
Steel bolts placed in the mine ceiling to
prevent collapse
Longwall mining

A specialized machine cuts across the length of the coal face to
extract coal
A hydraulic roof support system supports the mine ceiling,
which is allowed to collapse as cutting advances
Surface
mining

Overburden (topsoil and rock) is removed by drilling, blasting
and excavating

Transport

Underground diesel-fueled shuttle cars and conveyor belts
transport coal to the surface  preparation plant

Preparation
plant

Coal is washed, crushed to size and separated from waste
(rock and soil)

Figure 1. Job-specific environmental risk factors, common and specific to
underground and surface mining 2

References
1
Petsonk EL, Rose C, Cohen R. Coal mine dust lung disease. New lessons from
old exposure. Am J Respir Crit Care Med. 2013; 187: 1178-85.
2
Go LH, Krefft SD, Cohen RA, Rose CS. Lung disease and coal mining: what
pulmonologists need to know. Curr Opin Pulm Med. 2016; 22: 170-8.
3
Laney AS, Weissman DN. Respiratory diseases caused by coal mine dust.
Journal of occupational and environmental medicine / American College of
Occupational and Environmental Medicine. 2014; 56 Suppl 10: S18-22.
4
Schreiber J, Koschel D, Kekow J, Waldburg N, Goette A, Merget R.
Rheumatoid pneumoconiosis (Caplan's syndrome). Eur J Intern Med. 2010; 21: 16872.
5
Federal Coal Mine Health and Safety Act (FCMHSA) 1969, Title 30, Code of
Federal Regulations, Parts 70 and 71.
6
Suarthana E, Laney AS, Storey E, Hale JM, Attfield MD. Coal workers'
pneumoconiosis in the United States: regional differences 40 years after
implementation of the 1969 Federal Coal Mine Health and Safety Act. Occupational
and environmental medicine. 2011; 68: 908-13.
7
Joy GJ, Colinet JF, Landen DD. Coal worker's pneumoconiosis - prevalence
disparity between Australia and the United States. 2010.
8
Laney AS, Attfield MD. Coal workers' pneumoconiosis and progressive
massive fibrosis are increasingly more prevalent among workers in small
underground coal mines in the United States. Occupational and environmental
medicine. 2010; 67: 428-31.
9
Antao VC, Petsonk EL, Sokolow LZ, Wolfe AL, Pinheiro GA, Hale JM, Attfield
MD. Rapidly progressive coal workers' pneumoconiosis in the United States:
geographic clustering and other factors. Occupational and environmental medicine.
2005; 62: 670-4.
10
Ross MH, Murray J. Occupational respiratory disease in mining. Occup Med
(Lond). 2004; 54: 304-10.
11
Centers for Disease C, Prevention. Pneumoconiosis and advanced
occupational lung disease among surface coal miners--16 states, 2010-2011. MMWR
Morbidity and mortality weekly report. 2012; 61: 431-4.
12
Australian Institute of Health and Welfare 2010: Asthma, chronic obstructive
pulmonary disease and other respiratory diseases in Australia. Cat. no. ACM 20.
Canberra: AIHW.
13
New South Wales Coal Mine Health & Safety Act 2002 and New South Wales
Coal Mine Health & Safety Regulation 2006 under the Coal Mine Health & Safety Act
2002
14
Queensland Coal Mining Safety and Health Act 1999, Coal Mining Safety and
Health Regulation 2001, section 89 Dust.
15
The National Occupational Disease Report.
http://niohp.chinacdc.cn/jbjcbg/201409/t20140905_104225.html Accessed
24.11.16. 2013.
16
Mo J, Wang L, Au W, Su M. Prevalence of coal workers' pneumoconiosis in
China: a systematic analysis of 2001-2011 studies. Int J Hyg Environ Health. 2014;
217: 46-51.

17
Nguyen AL, Matsuda S. Pneumoconiosis problem among the Vietnamese coal
mine workers. J UOEH. 1998; 20: 353-60.
18
G. B. D. 2013 Mortality and Causes of Death Collaborators. Global, regional,
and national age-sex specific all-cause and cause-specific mortality for 240 causes of
death, 1990-2013: a systematic analysis for the Global Burden of Disease Study 2013.
Lancet. 2015; 385: 117-71.
19
Han L, Han R, Ji X, Wang T, Yang J, Yuan J, Wu Q, Zhu B, Zhang H, Ding B, Ni C.
Prevalence Characteristics of Coal Workers' Pneumoconiosis (CWP) in a State-Owned
Mine in Eastern China. International journal of environmental research and public
health. 2015; 12: 7856-67.
20
Xia Y, Liu J, Shi T, Xiang H, Bi Y. Prevalence of pneumoconiosis in Hubei, China
from 2008 to 2013. International journal of environmental research and public
health. 2014; 11: 8612-21.
21
Blackley DJ, Laney AS, Halldin CN, Cohen RA. Profusion of Opacities in Simple
Coal Worker's Pneumoconiosis Is Associated With Reduced Lung Function. Chest.
2015; 148: 1293-9.
22
Cohen RA, Petsonk EL, Rose C, Young B, Regier M, Najmuddin A, Abraham JL,
Churg A, Green FH. Lung Pathology in U.S. Coal Workers with Rapidly Progressive
Pneumoconiosis Implicates Silica and Silicates. Am J Respir Crit Care Med. 2016; 193:
673-80.
23
Pathology standards for coal workers' pneumoconiosis. Report of the
Pneumoconiosis Committee of the College of American Pathologists to the National
Institute for Occupational Safety and Health. Arch Pathol Lab Med. 1979; 103: 375432.
24
Gulumian M, Borm PJ, Vallyathan V, Castranova V, Donaldson K, Nelson G,
Murray J. Mechanistically identified suitable biomarkers of exposure, effect, and
susceptibility for silicosis and coal-worker's pneumoconiosis: a comprehensive
review. J Toxicol Environ Health B Crit Rev. 2006; 9: 357-95.
25
Huang X, Fournier J, Koenig K, Chen LC. Buffering capacity of coal and its acidsoluble Fe2+ content: possible role in coal workers' pneumoconiosis. Chem Res
Toxicol. 1998; 11: 722-9.
26
ILO (International Labour Office) International Classification of Radiographs
of Pneumoconiosis. Updated 2011. Accessed 2.9.16
http://www.ilo.org/wcmsp5/groups/public/---ed_protect/---protrav/--safework/documents/publication/wcms_168260.pdf.
27
Laney AS, Petsonk EL. Small pneumoconiotic opacities on U.S. coal worker
surveillance chest radiographs are not predominantly in the upper lung zones.
American journal of industrial medicine. 2012; 55: 793-8.
28
Honma K, Abraham JL, Chiyotani K, De Vuyst P, Dumortier P, Gibbs AR, Green
FH, Hosoda Y, Iwai K, Williams WJ, Kohyama N, Ostiguy G, Roggli VL, Shida H, Taguchi
O, Vallyathan V. Proposed criteria for mixed-dust pneumoconiosis: definition,
descriptions, and guidelines for pathologic diagnosis and clinical correlation. Hum
Pathol. 2004; 35: 1515-23.
29
Brichet A, Tonnel AB, Brambilla E, Devouassoux G, Remy-Jardin M, Copin MC,
Wallaert B, Groupe d'Etude en Pathologie Interstitielle de la Societe de Pathologie
Thoracique du N. Chronic interstitial pneumonia with honeycombing in coal workers.
Sarcoidosis Vasc Diffuse Lung Dis. 2002; 19: 211-9.

30
Cockcroft A, Berry G, Cotes JE, Lyons JP. Shape of small opacities and lung
function in coalworkers. Thorax. 1982; 37: 765-9.
31
Reichert M, Bensadoun ES. PET imaging in patients with coal workers
pneumoconiosis and suspected malignancy. J Thorac Oncol. 2009; 4: 649-51.
32
Coggon D, Newman Taylor A. Coal mining and chronic obstructive pulmonary
disease: a review of the evidence. Thorax. 1998; 53: 398-407.
33
Zosky GR, Hoy RF, Silverstone EJ, Brims FJ, Miles S, Johnson AR, Gibson PG,
Yates DH. Coal workers' pneumoconiosis: an Australian perspective. The Medical
journal of Australia. 2016; 204: 414-8.
34
Bauer TT, Schultze-Werninghaus G, Kollmeier J, Weber A, Eibel R, Lemke B,
Schmidt EW. Functional variables associated with the clinical grade of dyspnoea in
coal miners with pneumoconiosis and mild bronchial obstruction. Occupational and
environmental medicine. 2001; 58: 794-9.
35
Kuempel ED, Wheeler MW, Smith RJ, Vallyathan V, Green FH. Contributions
of dust exposure and cigarette smoking to emphysema severity in coal miners in the
United States. Am J Respir Crit Care Med. 2009; 180: 257-64.
36
Kuempel ED, Stayner LT, Attfield MD, Buncher CR. Exposure-response
analysis of mortality among coal miners in the United States. American journal of
industrial medicine. 1995; 28: 167-84.
37
Attfield MD, Kuempel ED. Mortality among U.S. underground coal miners: a
23-year follow-up. American journal of industrial medicine. 2008; 51: 231-45.
38
Stansbury RC, Beeckman-Wagner LA, Wang ML, Hogg JP, Petsonk EL. Rapid
decline in lung function in coal miners: evidence of disease in small airways.
American journal of industrial medicine. 2013; 56: 1107-12.
39
Bhatt SP, Soler X, Wang X, Murray S, Anzueto AR, Beaty TH, Boriek AM,
Casaburi R, Criner GJ, Diaz AA, Dransfield MT, Curran-Everett D, Galban CJ, Hoffman
EA, Hogg JC, Kazerooni EA, Kim V, Kinney GL, Lagstein A, Lynch DA, Make BJ,
Martinez FJ, Ramsdell JW, Reddy R, Ross BD, Rossiter HB, Steiner RM, Strand MJ, van
Beek EJ, Wan ES, Washko GR, Wells JM, Wendt CH, Wise RA, Silverman EK, Crapo JD,
Bowler RP, Han MK, Investigators CO. Association between Functional Small Airway
Disease and FEV1 Decline in Chronic Obstructive Pulmonary Disease. Am J Respir Crit
Care Med. 2016; 194: 178-84.
40
Hurley JF, Alexander WP, Hazledine DJ, Jacobsen M, Maclaren WM. Exposure
to respirable coalmine dust and incidence of progressive massive fibrosis. British
journal of industrial medicine. 1987; 44: 661-72.
41
Attfield MD, Seixas NS. Prevalence of pneumoconiosis and its relationship to
dust exposure in a cohort of U.S. bituminous coal miners and ex-miners. American
journal of industrial medicine. 1995; 27: 137-51.
42
Attfield MD, Hodous TK. Pulmonary function of U.S. coal miners related to
dust exposure estimates. Am Rev Respir Dis. 1992; 145: 605-9.
43
Department of Health and Human Services. Centers for Disease Control and
Prevention. National Institute for Occupational Safety and Health. Coal Mine Dust
Exposures and Associated Health Outcomes. A Review of Information Published
Since 1995. DHHS (NIOSH) Publication No. 2011-172. Accessed 18.4.16.
44
Department of Natural Resources and Mines (DNRM), Queensland Mines
Inspectorate Annual Performance Report 2014–15, Paul Harrison, Acting

Commissioner for Mine Safety and Health, Department of Natural Resources and
Mines www.dnrm.qld.gov.au.
45
B. Plush, T. Ren, K. Cram and N. Aziz, Dust Monitoring and Control Efficiency
Measurement in Longwall Mining, 11th Underground Coal Operators' Conference,
University of Wollongong & the Australasian Institute of Mining and Metallurgy,
2011, 231-238.
46
Suganuma N, Kusaka Y, Hering KG, Vehmas T, Kraus T, Arakawa H, Parker JE,
Kivisaari L, Letourneux M, Gevenois PA, Tuengerthal S, Crane MD, Shida H, Akira M,
Henry DA, Nakajima Y, Hiraga Y, Itoh H, Hosoda Y. Reliability of the proposed
international classification of high-resolution computed tomography for
occupational and environmental respiratory diseases. J Occup Health. 2009; 51: 21022.
47
Savranlar A, Altin R, Mahmutyazicioglu K, Ozdemir H, Kart L, Ozer T,
Gundogdu S. Comparison of chest radiography and high-resolution computed
tomography findings in early and low-grade coal worker's pneumoconiosis.
European journal of radiology. 2004; 51: 175-80.
48
Langenbach SY, Wheaton BJ, Fernandes DJ, Jones C, Sutherland TE, Wraith
BC, Harris T, Schuliga MJ, McLean C, Stewart AG. Resistance of fibrogenic responses
to glucocorticoid and 2-methoxyestradiol in bleomycin-induced lung fibrosis in mice.
Can J Physiol Pharmacol. 2007; 85: 727-38.
49
Lee JS, Shin JH, Lee JO, Lee KM, Kim JH, Choi BS. Serum Levels of Interleukin-8
and Tumor Necrosis Factor-alpha in Coal Workers' Pneumoconiosis: One-year
Follow-up Study. Saf Health Work. 2010; 1: 69-79.
50
Moons KG, Altman DG, Reitsma JB, Ioannidis JP, Macaskill P, Steyerberg EW,
Vickers AJ, Ransohoff DF, Collins GS. Transparent Reporting of a multivariable
prediction model for Individual Prognosis or Diagnosis (TRIPOD): explanation and
elaboration. Ann Intern Med. 2015; 162: W1-73.
51
Chu M, Ji X, Chen W, Zhang R, Sun C, Wang T, Luo C, Gong J, Zhu M, Fan J,
Hou Z, Dai J, Jin G, Wu T, Chen F, Hu Z, Ni C, Shen H. A genome-wide association
study identifies susceptibility loci of silica-related pneumoconiosis in Han Chinese.
Hum Mol Genet. 2014; 23: 6385-94.
52
Wang T, Ji X, Luo C, Fan J, Hou Z, Chen M, Han R, Ni C. Polymorphisms in SELE
gene and risk of coal workers' pneumoconiosis in Chinese: a case-control study. PLoS
One. 2013; 8: e73254.
53
Wang XT, Ohtsuka Y, Kimura K, Muroi M, Ishida T, Saito J, Munakata M.
Antithetical effect of tumor necrosis factor-alphagene polymorphism on coal
workers' pneumoconiosis (CWP). American journal of industrial medicine. 2005; 48:
24-9.
54
Kim KA, Cho YY, Cho JS, Yang KH, Lee WK, Lee KH, Kim YS, Lim Y. Tumor
necrosis factor-alpha gene promoter polymorphism in coal workers'
pneumoconiosis. Mol Cell Biochem. 2002; 234-235: 205-9.
55
Wang M, Wang S, Song Z, Ji X, Zhang Z, Zhou J, Ni C. Associations of IL-4, IL4R, and IL-13 gene polymorphisms in coal workers' pneumoconiosis in China: a casecontrol study. PLoS One. 2011; 6: e22624.
56
Bian LQ, Mao L, Shi J, Bi Y. Polymorphisms in cyclooxygenase-2 gene and risk
of developing coal workers' pneumoconiosis: a case-control study. American journal
of industrial medicine. 2014; 57: 866-71.

57
Wang M, Ye Y, Qian H, Song Z, Jia X, Zhang Z, Zhou J, Ni C. Common genetic
variants in pre-microRNAs are associated with risk of coal workers' pneumoconiosis.
Journal of human genetics. 2010; 55: 13-7.
58
Ji X, Wang L, Wu B, Han R, Han L, Wang T, Yang J, Ni C. Associations of MMP1,
MMP2 and MMP3 Genes Polymorphism with Coal Workers' Pneumoconiosis in
Chinese Han Population. International journal of environmental research and public
health. 2015; 12: 13901-12.
59
Ji X, Hou Z, Wang T, Jin K, Fan J, Luo C, Chen M, Han R, Ni C. Polymorphisms in
inflammasome genes and risk of coal workers' pneumoconiosis in a Chinese
population. PLoS One. 2012; 7: e47949.
60
Hornung V, Bauernfeind F, Halle A, Samstad EO, Kono H, Rock KL, Fitzgerald
KA, Latz E. Silica crystals and aluminum salts activate the NALP3 inflammasome
through phagosomal destabilization. Nat Immunol. 2008; 9: 847-56.
61
Cassel SL, Eisenbarth SC, Iyer SS, Sadler JJ, Colegio OR, Tephly LA, Carter AB,
Rothman PB, Flavell RA, Sutterwala FS. The Nalp3 inflammasome is essential for the
development of silicosis. Proc Natl Acad Sci U S A. 2008; 105: 9035-40.
62
Wang X, Dai W, Wang Y, Gu Q, Yang D, Zhang M. Blocking the Wnt/betaCatenin Pathway by Lentivirus-Mediated Short Hairpin RNA Targeting beta-Catenin
Gene Suppresses Silica-Induced Lung Fibrosis in Mice. International journal of
environmental research and public health. 2015; 12: 10739-54.
63
Cruz FF, Horta LF, Maia Lde A, Lopes-Pacheco M, da Silva AB, Morales MM,
Goncalves-de-Albuquerque CF, Takiya CM, de Castro-Faria-Neto HC, Rocco PR.
Dasatinib Reduces Lung Inflammation and Fibrosis in Acute Experimental Silicosis.
PLoS One. 2016; 11: e0147005.
64
Trentin PG, Ferreira TP, Arantes AC, Ciambarella BT, Cordeiro RS, Flower RJ,
Perretti M, Martins MA, Silva PM. Annexin A1 mimetic peptide controls the
inflammatory and fibrotic effects of silica particles in mice. Br J Pharmacol. 2015;
172: 3058-71.
65
Krishnan R, Park JA, Seow CY, Lee PV, Stewart AG. Cellular Biomechanics in
Drug Screening and Evaluation: Mechanopharmacology. Trends Pharmacol Sci. 2016;
37: 87-100.
66
Zhao G. The analysis of social and economic impact of pneumoconiosis in our
country (in Chinese). China University of Geosciences (Beijing). 2011; pp. 55–57.
67
Shen F, Liu H, Yuan J, Han B, Cui K, Ding, Y, Fan X, Cao H, Yao S, Suo X, Sun Z,
Yun X, Hua Z, Chen J. Cost-Effectiveness of Coal Workers’ Pneumoconiosis
Prevention Based on Its Predicted Incidence within the Datong Coal Mine Group in
China. PLoS ONE 2015 10(6): e0130958. doi:10.1371/journal.pone.0130958
68
Lahiri S, Levenstein C, Nelson DI, Rosenberg BJ. The Cost Effectiveness of
Occupational Health Interventions: Prevention of Silicosis. Am J Ind Med 2005;
48(6): 503-14

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Perret, JL; Plush, B; Lachapelle, P; Hinks, TSC; Walter, C; Clarke, P; Irving, L; Brady, P;
Dharmage, SC; Stewart, A
Title:
Coal mine dust lung disease in the modern era
Date:
2017-05-01
Citation:
Perret, J. L., Plush, B., Lachapelle, P., Hinks, T. S. C., Walter, C., Clarke, P., Irving, L.,
Brady, P., Dharmage, S. C. & Stewart, A. (2017). Coal mine dust lung disease in the
modern era. RESPIROLOGY, 22 (4), pp.662-670. https://doi.org/10.1111/resp.13034.
Persistent Link:
http://hdl.handle.net/11343/198309
File Description:
Accepted version

