
COAL WORKERS' PNEUMOCONIOSIS 

F. H. Y. GREEN AND W. A. LAQUEUR 

An excess of pulmonary disease has been recognized in coal workers for over 150 
years. However, the characteristic lesions were not described until the middle of 
this century when techniques became available for the examination of whole lung 
sections. The term coal workers' pneumoconiosis ( CWP) was introduced by the 
Committee on Industrial Pulmonary Disease of the Medical Research Council of 
Great Britain in 1942.1 It was carefully chosen to avoid any etiologic implications, 
particularly in regard to the role of silica in the pathogenesis of the disease. The 
term is now universally accepted and will be used throughout this article. It is not 
our intention to give a detailed account of the history of CWP. Several excellent 
articles tracing the social, economic, political, and medical aspects of the disease 
have been published els.ewhere. The reader is referred to the classical works of 
Meiklejohn in England,2 Klosterkotter in Germany,8 and Lee in the United States 4 

for this information. -~ , 
The purpose of this article is threefold: first, to review the current state of 

knowledge of the pathology of coal workers' pneumoconiosis and to relate this to 
the information derived from radiologic and clinical studies; second, to illustrate 
the various pulmonary lesions that are thought to be causally· related to the in­
halation of coal mine dust; and third, to discuss those aspects of CWP which have 
generated the most controversy and confusion within the medical profession. 

The material presented here is based on the two largest collections of autopsy 
material on underground coal workers available in the United States today. This 
incltides the 2,400 cases submitted to the National Coal Workers Autopsy Study 
since its inception in 1971 5 and a unique collection of 700 cases from Southern 
West Virginia. The classification of the roentgenograms illustrated in this article 
is based on the UICC/Cincinnati system. A summary outline of the classification 
is shown in the Appendix. 

COAL AND COAL MINING 

Some knowledge of mining methods and the composition of coal mine dust is 
necessary to understand the pathogenesis of CWP. In the United States, four types 
of coal are mined; these are, in order of rank and economic value, anthracite, 
bituminous, subbituminous, and lignite. Higher-ranked coals contain the most car­
bon, have the greatest caloric value, and contain the least volatile matter.6 The 
differences between one coal and another are due to the conditions prevailing when 
the coal seams were laid down and the nature of the plants that formed the coals. 
Subsequent weathering and seepage from adjacent rock strata may alter the con-
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centrations of minerals in the coals. Anthracite is derived mainly from north­
eastern Pennsylvania; bituminous and subbituminous coals from Appalachia, the 
Mid- and Far West; and lignite is found in the Dakotas.7 The height of the seams 
and their inclination~ vary greatly. The thinnest seams are found in Appalachia, 
where they average 5 to 6 feet thick but may be as little as 1 t feet; in Colorado 
and Utah, seams up to 100 feet thick are encountered. 8 The seams of bituminous 
coal are usually horizontal, whereas anthracite coal lies in seams that gently un­
dulate. 

The methods by which different coals are mined may affect the composition 
of the coal mine dust. Anthracite mining requires the removal of large quantities 
of intervening rock as well as the use of sand on the train rails for traction; as a 
result, exposure to free silica may be increased. Certain occupations within the 
mines such as roofbolting, locomotive operation, and construction are also as­
sociated with increased exposure to crystalline silica, 7 and miners employed in 
these jobs may develop classical silicosis. The majority of the dust in the mines 
is generated at the coal face, and the operators of the cutting and loading machines 
are exposed to the highest concentrations. 7• 9 Studies conducted by the Bureau 
of Mines in 1968 and 1969 on 29 large and 12 small underground mines showed 
the average concentration of respirable dust at the face in both large and small 
mines was approximately 4.0 mg per cubic meter of air ( m3 ). 7 The quartz content 
of the dust in the large mines was always below 5 percent, with an average of 1.5 
percent. Respirable dust exposures are lower in surface mining facilities, 7 and this 
probably accounts for the low incidence of pneumoconiosis detectab'Ie in workers 
at these sites.10 

Mandatory Dust Standards 

The Federal Coal Mine Health and Safety Act of 1969 established permissible 
levels of respirable dust in underground coal mines. 5 Since 1972 this limit has 
been set at 2.0 mg/m8, and the quartz content in the dust must not exceed 5 per­
cent. Standard conditions of dust sampling are set forth in the Code of Federa] 
Regulations, Title 30, Parts 70 and 71. The 2.0 mg/m3 dust standard was based 
on chest roentgenographic studies of British coal miners.11 These studies indicated 
that if the coal dust exposures were maintained at or below this level, the prob­
ability of a miner developing category II or greater pneumoconiosis during a work­
life of 35 years would be zero. 

Respira.ble Dust 

Respirable coal mine dust is a complex mixture of particulates of various sizes 
and shapes which are derived from the coal seam, the adjacent rock strata, the 
rock dust used to prevent explosions, and in some mines, diesel particulates. There­
fore, it usually contains a greater ash content than the parent seam.12 Coal is 
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composed predominantly of elemental carbon, together with varying amounts of 
a large number of minerals, metals, and organic compounds. The most common 
minerals in coal are pyrite, quartz, calcite, calcium sulfate, dolomite, siderite, 
and magnetite, as well as a variety of micas and other silicates.12•17 The amount 
of quartz (Si02 ) in coal varies from 1 to 5 percent but may be much higher in the 
coal mine dust.14 The most common metals in coal are aluminum, calcium, iron, 
magnesium, potassium, and sodium, with lesser amounts of beryllium, cadmium, 
chromium, cobalt, copper, lead, manganese, mercury, nickle, and titanium.12•15 

Many of these metals are known carcinogens. Organic compounds include a variety 
of gases, benzenes, phenols, naphthalenes, acenaphthylenes, and three-, four-, and 
five-ring polynuclear aromatic hydrocarbons and their alkyl homologs.18 Coal mine 
dust is not the only respiratory hazard in mines. Electrical fires, 18 welding, and/ or 
brazing operations may produce highly toxic fumes. Diesel emissions produce 
multifold organic substances and gases, 19 and shot firing releases oxides of nitrogen 
into the atmosphere. 20 

Deposition and Clearance of Inhaled Particles 

The majority of particles deposited distal to the terminal bronchioles measure less 
than 10 p,m in diameter. Particles greater than this are mainly filtered out in the 
nasal passages or are impacted on the surface of large airways. Inhaled particles 
within the respirable range are deposited on the airway surface by four mech­
anisms: inertial impaction, diffusion, gravitational settling, and interception.21 The 
amount of dust deposited will depend on such physical factors as the concentra­
tion and physical characteristics of the respirable dust, the tendency of particles 
to agglomerate, and their electrical charge. 22 Host factors such as the breathing 
pattern of the miner and individual variation in particle deposition will also affect . 
the amount deposited. 23• 24 

Inhaled dust particles may be cleared by one of three routes: the blood stream, 
the lymphatic system, or by the bronchial tree. 25• 26 Most of the dust deposited 
proximal to the respiratory bronchioles is cleared by the highly effective muco­
ciliary stream which is propelled by ciliary activity. Several agents have been shown 
to either inhibit or stimulate this system. Inhibitors include cigarette smoke 27 and 
physiologic agents such as atropine. 27 Stimulators include the gases 28 S02 and 
N02 and the adrenergic stimulating drugs isoproterenol and epinephrine.21 The 
rate of clearance is further influenced by the type of particle, whether it be inert, 
toxic, or organic in nature. 29 

Alveolar clearance is less well understood but appears to involve a vehicle 
and propelling force. 27 The majority of inhaled particles deposited in the alveoli 
are rapidly taken up by alveolar macrophages. These cells are thought to migrate 
over the airspace surface to the terminal bronchioles, where they enter the mu­
cociliary stream. 26• 30 Although the vast majority of particles are removed by these 
mechanisms, a small proportion, perhaps less than 2 percent, will penetrate the 
airway lining and enter the interstitium. 26 Dust deposited in the interstitium is 
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the root cause of pneumoconiosis. Several tracer systems have been used to study 
the transport of particulates across the epithelium. Leak 31 showed that colloidal 
ferritin or carbon particles instilled into the lungs of rats and mice were rapidly 
taken up by alveolar, macrophages and by the squamous alveolar epithelial cells 
(Type I pneumocytes). Within 2 hours, particles were observed in the alveolar 
interstitium and within phagocytic vacuoles of lymphatic endothelial cells; at 24 
hours, they were detected in peribronchial lymphatics and lymph nodes. The pas­
sage of particulates through the alveolar epithelium has also been observed in 
mice exposed to iron oxide particles 32 and coal workers.33 

Particles of different chemical composition may be cleared at different rates. 
The clearance of coal dust containing 40 percent quartz was studied in rats and 
Rhesus monkeys by Weller and Ulmer.3 ' They showed that dust retention in the 
lung and lymph nodes increased linearly with exposure. On cessation of exposure, 
the dust in the lungs declined, while that in the lymph nodes continued to increase. 
This increase was largely due to quartz, suggesting that quartz is preferentially 
taken up by the pulmonary lymphatics. The pulmonary lymph nodes of coal 
workers also appear to concentrate silica, 35 which may account for the high fre­
quency of silicotic nodules seen in the hilar lymph nodes of coal workers in the 
absence of parenchymal involvement. 

The r.outes of lymphatic drainage of the lung have been extensively studied. 
Only recently was it clearly shown that lymphatic vessels exist at the alveolar level 
adjacent to the respiratory bronchioles (Fig. 1). 81• 36 This is an important observa­
tion, since it has been postulated that destruction or blockage of the lymphatic 
vessels in this area is the primary event in the formation of the coal macule. 30 

Elimination of particles f:t:om the lungs continues for many years after last expo­
sure. Even dust that is apparently locked in the areas of fibrosis is slowly mobilized 
and removed. Heppleston 37 has shown experimentally that the dust within silicotic 
lesions is in a continual state of flux, with particulate entering and leaving lesions 
within macrophages. The mobilized dust is mostly removed by the lymphatic sys­
tem and deposited in the hilar lymph nodes. Nevertheless, the observation that 
coal miners continue to expectorate black or brownish sputum long after leaving 
the mines 26 suggests that dust may also be cleared in retrograde fashion from inter­
stitium to air space. The extent to which this latter process occurs under physio­
logic conditions is not known, but is probably slight. Our review of many cases 
indicates that the pigment visible in the lesions remains fairly constant unless the 
miner has suffered repeated episodes of pulmonary congestion or edema. Increased 
clearance of dust has also been documented in experimental pulmonary edema. 38 

The rate of retention of coal mine dust in the lungs of miners has been calcu­
lated by Rivers et al.39 They estimated that 0.1 to 3.7 gm of dust were retained by 
the lungs per year. This wide range probably reflects individual variations in clear­
ance capacity, as the age of the miner and the length of time worked under­
ground did not appear to influence the rate. to any significant degree. Similar results 
were obtained by King et al., ' 0 who calculated that an active coal worker on aver­
age retained about 1 gm of dust per year. This represents a very small fraction of 
the total dust inhaled and emphasizes the efficiency of the clearance mechanisms. 



•• 

< ' ~I .. ~ ~ . 
i) 

. , ",, J • 

-~ ' 
,/ 

{ 
' , ' 

' 

Coal Workers' Pneumoconiosis 337 

• 

. ,. , - ( 

\ 

' 
Fl G. 1. Lymphatics (L) within the connective tissue sheath of a respiratory bronchiole 
which are in close apposition to alveoli. x 360. From LV Leak. In JD Brain, DF Proctor, 
LM Reid (eds): Respiratory Defence Mechanisms, Part 11, 1977, p 643, by courtesy of 
Marcel Dekker, Inc. 

PATHOLOGY OF CWP 

The framework for our current understanding of the pathologic anatomy of CWP 
is largely due to the careful descriptive works of Heppleston 41 and Gough et al.42 

and to the development of techniques for examining lungs that have been fixed in 
inflation. Despite these and subsequent studies in the United States and other 
countries, there is still considerable confusion concerning the nomenclature of the 
disease. Analysis of the first 1,300 cases entered into the National Coal Workers 
Autopsy Study between 1971 and 1974 showed that pathologists could find 163 
different ways to describe the lesions of CWP! (J. L. Abraham, personal commu­
nication) Although this did credit to the linguistic ability of American patholo-
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gists, it tended to cause confusion among legislators involved with the issue of black 
lung and claims examiners in the U.S. Department of Labor. To address this prob­
lem and to attempt to define standards for CWP, the National Institute for Occu­
pational Safety and ~ealth (NIOSH) contracted with the College of American 
Pathologists in 1977 to produce a set of pathologic standards for CWP. This proj­
ect was completed by the Pneumoconiosis Committee of the College of American 
Pathologists in 1979 and was published in the Archives of Pathology in July of 
that year.43 In their report the committee defined the essential lesion for the patho­
logical diagnosis of CWP as "a focal collection of coal dust pigment-laden macro­
phages at the division of respiratory bronchioles which may exist within alveoli 
and extend into the peribronchiolar interstitium with associated reticulin deposits 
and focal emphysema". These criteria were considered the most appropriate be­
cause the coal macule and focal emphysema are found in the lungs of coal workers 
exposed to different types of coal mined under widely divergent conditions in the 
United States,'3• 44 Great Britain,45• 46 Australia,47 and South Africa.48 

Many other lesions are seen in the lungs of coal workers, and some of these 
are undoubtedly related to coal mine dust exposure. Within this latter group should 
be placed the nodular lesions of coal workers, progressive massive fibrosis (PMF), 
and Caplan's syndrome. The relationship of bronchitis, nonfocal emphysema, pul­
monary vascular disorders, and lung cancer to coal mine dust exposure is less 
clearly understood and is the subject of continuing research and controversy, In 
contrast to the basic lesion outlined above, the incidence of all these other condi­
tions varies greatly from country to country, from mine to mine, and according 
to personal habits and genetic factors. A classification of the pulmonary lesions of 
coal workers is shown in Table 1. Clinically and radiologically, CWP is classified 
into simple and complicated forms based on the size of the pulmonary opacities. 
In general, simple CWP corresponds with the macular and nodular lesions of 
coal workers, and complicated CWP corresponds with PMF and the lesions of 
Caplan's syndrome. 

Macular CWP 

The pleural surfaces of a coal worker's lungs show a marbled distribution of bluish­
black pigment which is similar in appearance but more extensive than that seen in 
urban dwellers. The distribution of the pigment corresponds to the lymphatic chan­
nels in the junction sites of secondary lobular septa and the pleura. Pleural thick­
ening is not usually pronounced unless nodular lesions or PMF are also present. 
On cut section, a suitably inflated lung will show numerous uniformly distributed 
areas of black pigmentation (Fig. 2). These are the coal macules, which may 
number up to five in each secondary lobule. Characteristically, the density of the 
lesions is greatest in the upper parts of the upper and lower lobes. The macules 
range in size from 1 to 5 mm in diameter and may be rounded, irregular, or 
stellate in shape. A zone of enlarged air spaces 1 to 2 mm in extent is usually, but 
not always, seen around the macule (Fig. 3). This constitutes the focal emphy­
sema. The macules are not palpable, a feature which distinguishes them from the 
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TABLE 1. Classification of the Pulmonary Lesions of Coal Workers 

1. Macules 
2. Nodules . 
3. Progressive massive fibrosis (PMF) 
4. Rheumatoid pneumoconiosis (Caplan's lesion) 
5. Interstitial fibrosis and honeycomb lung 
6. Bronchitis 
7. Emphysema 
8. Pulmonary vascular disorders 
9. Bronchial neoplasms ( ?) 

FIG. 2. A 48-year-old Caucasian coal miner worked underground for 18 years at various 
jobs; 30 pack-year smoking history. Died of bronchoalveolar cell carcinoma (not shown). 
Whole lung section shows numerous macular lesions with characteristic lobular dis­
tribution. There is minimal focal emphysema. 
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FIG. 3. A 78-year-old Caucasian coal miner worked 48 years underground; smoked a pipe. 
Top. Whole lung section shows sparse macules with focal emphysema. Bottom. Close-up 
of coal macules and focal emphysema. (Continued) 
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FIG. 3. (cont.) Chest roentgenogram shows rounded opacities category 2q and irregular 
opacities category lt. 

nodular forms of CWP. The lymph nodes in the peribronchial, hilar, and para­
aortic regions are usually enlarged, soft, and densely pigmented in coal workers. 

Microscopically, the macule is composed of coal-dust-laden macrophages 
which surround the first-, second-, and third-order respiratory bronchioles and ex­
tend into and fill the adjacent alveoli (Fig. 4). The majority of these lie external to 
the muscle coat of the respiratory bronchioles. A fine network of reticulin· runs be­
tween the closely packed macrophages, together with a variable amount of collagen. 
The latter increases with age and duration of exposure. 4 4 In the lungs of active 
or recently retired miners, considerable numbers of pigmented macrophages may 
be seen in the alveoli that arise from the respiratory bronchioles. In some cases 
the alveoli may be completely filled with macrophages, and the alveolar walls ap­
pear partially collapsed around them.4 9 Coal-dust-containing macrophages are also 
seen in the adventitia of the small pulmonary arteries. 

The focal emphysema is most marked at the level of the second-order re­
spiratory bronchiole, which corresponds with the site of maximum dust deposition. 
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FIG. 4. Coal macule showing relationship to respiratory bronchiole. The lesion is composed 
of pigmented macrophages in a reticulin stroma. H&E. x 98. 

In this region the walls of the respiratory bronchioles show atrophy of the smooth 
muscle bundles. The alveolar ducts and more distal parts of the acinus are un­
affected. Fusion of adjacent dilated respiratory bronchioles presents a complex 
histologic pattern which may require the use of serial sectioning microscopic tech­
niques for clarification.45 Initially the emphysema is distensive rather than destruc­
tive in nature and is probably of limited clinical significance. 50 In some cases, 
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FIG. 5. A 77-year-old miner, worked 24 years underground as loader, no smoking history. 
Whole lung section shows progressive massive fibrosis against a background of macular and 
nodular disease. There is an apparent progression of the focal emphysema (seen at left) to 
emphysema of panacinar type (at right). Severe scar and bullous emphysema . are also 
present. 

destructive changes supervene, and the emphysema becomes confluent (Fig. 5). 
Focal emphysema and centriacinar emphysema not associated with dust involve 
the same anatomic location and may be difficult to distinguish in the presence of 
the coal macule. It has been disputed that they represent distinct forms of em­
physema. 51 Heppleston believes that the lesions can be distinguished by the presence 
of respiratory bronchiolar disruption and inflammatory fibrosis in centriacinar 
emphysema without dust and by their absence in focal emphysema. so, 5 0 In prac-



344 F. H. Y. Green and W. A. Laqueur 

tice it is often difficult to make these distinctions; especially in the more advanced 
stages of focal emphysema and in cases where presumably the two types coexist. 

Macular lesions may be encountered in the lungs of workers in the graphite, 52 

carbon black, 58 and carbon electrode 154 industries, and also in nonoccupationally 
exposed urban dwellers. In making the diagnosis of CWP, it is therefore important 
that the intracellular pigment be identified as accurately as possible. With light 
microscopy at high magnification, respirable particles of bituminous coal appear 
angular in outline (Fig. 6), yellowish-brown in color, and are translucent. Coal 
particles derived from anthracite coals are also angular in outline but are darker 
in color and do not transmit light. Coal dust particles seen in the tissue sections 
range in size from 10 to 0.2 p.m ( the limits of resolution of the light microscope), 
and have a mean diameter of approximately 1 p.m. 511 The sooty particles derived 
from combusted fossil fuels and organic material are opaque, black, and have 
rounded borders. They are frequently aggregated into clumps. Cigarette smokers 
may also show a diffuse, finely granular, tan pigment in the cytoplasm of macro­
phages.18 An electron microscopic study of pulmonary pigment in four coal miners 
with both simple and complicated CWP 56 showed four types of electron-dense par­
ticles which were common to all the lungs: (1) hard, dense, needlelike bodies which 
were associated with the cytosomes; (2) smooth, angular pieces associated with 
cytosomes and lying free in the cytoplasm; (3) hard, rectangular "chunks" as­
sociated with the cytoplasm; and ( 4) granular aggregates which were not mem­
brane-bound and appeared to be a composite of the other types. The particles 
ranged in size from 0.1 to 5 p.Ill but unfortunately could not be positively identified. 
It would be of value if this work were repeated using x-ray analytic procedures to 
facilitate identification of the particles and thus relate specific compoJJents of coal 
mine dust to cellular pathology. 

Nodular CWP 

The nodular lesions of CWP have been arbitrarily divided into micronodules mea­
suring up to 7 mm in diameter and macronodules measuring from 7 to 20 mm 
in diameter. is Lesions larger than this are called PMF. The nodules are almost 
invariably seen against a background of macular disease and, like macules, are 
more numerous in the upper parts of the lung (Fig. 7). They are readily palpable 
and on section appear as irregular black lesions with spiderlike processes that ex­
tend out into the surrounding lung parenchyma. They are associated with a vari­
able amount of scar emphysema. They are usually situated in the region of the 
respiratory bronchioles but may also be seen in the pleura and in the peribronchial 
connective tissues. Nodules tend to coalesce to produce the lesions of PMF (Figs. 
8, 9). 

Microscopically, two basic histologic patterns are recognized: 

1. Simple dust, macrophage, and reticulin nodules (Fig. 10) . Histologically, these 
lesions are similar to macules. They are distinguished from each other only on 
the basis of size and palpability. 
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FIG. 6. Alveolar macrophages in alveolus of an active miner. The number of coal particles 
(bituminous) in each cell varies greatly. The particles range in size from 0.2 to 3 ,u.m and 
have angular borders. H&E. x 585. 

2. Mixed nodules. These are the most common type and are composed of pig­
mented macrophages in a dense network 0f reticulin and collagen (Fig. 11). 
They differ histologically from the macule only with respect to the amount of 
collagen present. Mixed nodules are distinguished from silicotic nodules by 
increased reticulin content and the haphazard arrangement of the collagen fibers 



346 F. H. Y. Green and W. A. Laqueur 

FIG. 7. A 66-year-old Caucasian miner, worked 42 years underground at a variety of jobs 
including loader, shot firer, and trackman; smoked a pack of cigarettes per day for 45 years. 
Whole lung section shows micronodules and macules with minimal focal and scar emphy­
sema. The dust lesions are more numerous in the upper zone. 

in the former and decreased reticulin and concentric whorling of collagen fibers 
in the latter. The mixed nodules are often referred to as "anthraco-silicosis," 33 

a term best avoided until such time as their relationship to silica is better under­
stood. 

The blood vessels within and adjacent to the nodules described under ( 1) 
and (2) frequently show marked obliterative vasculitis. Infarcts may occur in the 
center of even quite small lesions with the formation of cavities containing free 
pigment ( Fig. 12). These vascular changes are indistinguishable from those seen 
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FIG. 8. An 80-year-old Caucasian coal miner, worked 22 years underground; smoked a pack 
of cigarettes per day. Close-up of whole lung section shows micro- and macronodules, which 
are becoming confluent in the region of the lobar fissure. There is a moderate degree of 
scar emphysema. Macules with focal emphysema are seen at bottom. 
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iF IG. 9. Edge of progressive massive fibrosis (right) with mixed nodule (left). Both lesions 
have deeply pigmented serpiginous borders together with marked scar emphysema. H&E. 
x 16. 

in PMF. Other degenerative changes seen in coal nodules include cholesterol 
clefts (Fig. 13) and less commonly calcification. Electron microscopy of mixed 
nodules has shown that they are composed of collagen fibers, fibroblasts, and coal 
dust together with an unidentifiable amorphous material in the center of the nodule 
that separates the collagen fibers. 5 7 

Other nodular lesions in coal workers' lungs may cause diagnostic confusion 
with the nodules described above. These include classical silicotic nodules, rheu­
matoid nodules, and infective granulomata. The last-named appear as distinct, 
round, fibrotic nodules with calcified centers and varying amounts of dust in 
the periphery ( similar to chronic histoplasmosis). The various types of nodules 
described above are not exclusive entities; it is relatively common to find individ­
ual nodules that show the features of more than one type and also to find two or 
more distinct types of lesions in the same lung (Fig. 14). 

PATHOGENESIS OF CWP 

The fact that the coal macule with focal emphysema occurs against a background 
of exposure to a wide variety of coals would point to the existence of a common 
factor for the formation of the basic lesion. The most likely agent is the relatively 
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FIG. 10. Micronodule, low-power view. The lesion is composed of uniformly dispersed dust 
in a predominantly reticulin stroma. H&E. x 18. (Continued) 

inert carboniferous component of the coal. This concept is supported by the ob­
servation that classical CWP occurs in coal trimmers who work above ground and 
are exposed to negligible amounts of rock dust. 58 Similar lesions are also seen in 
workers exposed to pure carbon. 53

• 
5 4 

A further factor of major importance in the pathogenesis of CWP is the rela­
tionship of dust exposure to clearance. Epidemiological studies on large popula­
tions of working miners have shown that progression of simple CWP is determined 
by cumulative dust exposure,11

• 
59 and that levels of coal mine dust below 2 mg/ m3 

theoretically result in zero incidence of disease.11 The implication of these stud-
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FIG. 10. (cont.) High-power view. Dust-containing macrophages lie in a reticulin stroma. 
Numerous blood vessels are present. Collections of pigmented macrophages in the adja­
cent alveoli suggest recent exposure. H&E. x 180. 

ies is that simple CWP results if the ability of the lung to clear dust is over­
whelmed. The site of formation of the macule would point to an anatomic weak 
point in the clearance pathway. Dust cleared by both the interstitial lymphatics 
and by the alveolar macrophages passes through the narrow region of the respi­
ratory bronchiole. The surface area of the airway at this point may be l / 500th 
of that of the lobule at the level of the alveolus.1 8 Moreover, the surface of the 
respiratory bronchioles is discontinuous due to the alveoli which arise from them 
and lacks the ciliated epithelium of the more proximal airways. 

- -----------
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FIG. 11. Micronodule. The center of the lesion is composed of hyalinized, irregularly ar­
ranged collagen bundles. The remains of a small obliterated artery are discernible within 
the central collagen. H&E. x 98. 

In an active miner, masses of pigmented macrophages accumulate in the al­
veoli adjacent to respiratory bronchioles. The affected alveoli appear to collapse 
around the macrophages. It has been suggested that the macule grows by the in­
corporation of these consolidated alveoli into the wall of the respiratory bron­
chiole. 30

• 
4 9 The cellular events that follow the deposition of dust are not well 
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FIG. 12. Mixed nodule composed of dust, reticulin, and haphazardly arranged collagen. 
Note the central cavitation and involvement of the pulmonary artery in the fibrotic process. 
These features are also seen in progressive massive fibrosis. H&E. x 20. 

understood. Experimentally, so-called inert substances such as pure carbon are 
capable of stimulating the migration of mononuclear cells from the pulmonary 
vessels and causing increased mitotic activity in the interstitial macrophage popu­
lation. 60 There is also evidence that activated macrophages produce factors that 
stimulate fibroblasts to produce collagen.61 Coal dust is biologically relatively inert, 
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FIG. 13. Nodule showing central necrosis and cholesterol clefts. These two features are 
also seen in Caplan's lesions and infective granulomata. Differentiation is made on the 
presence or absence of features such as dust rings and fibroblast palisading and by special 
stains. H&E. x 20. 

and the mild reticulin reaction in the coal macule could result from the above 
mechanisms. 62 The formation of collagenized nodular lesions probably results from 
the mineral component of the dust, though this is not established. 

The pathogenesis of the focal emphysema is less clearly understood. The le­
sion, according to Heppleston, 50 is due to a combination of muscular atrophy of 
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FIG. 14. Coal macule with focal emphysema adjacent to a mixed nodule. H&E. x 20. 

the respiratory bronchiole and altered mechanical forces resulting from consolida­
tion of adjacent alveoli. Thus the inspiratory force normally expended on the 
alveoli is transmitted directly to the respiratory bronchiole, which consequently 
dilates. This purely mechanical view of the lesion does not adequately explain the 
destructive element to the focal emphysema. The role of the proteolytic enzymes 
collagenase and elastase, released from stimulated macrophages, deserves more at­
tention in this regard. 65 Attempts to reproduce the lesions of CWP in animals have 
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for the most part been disappointing. Macular lesions similar to those seen in man 
have been produced in guinea pigs 64 and vervet monkeys 48 exposed to coal mine 
dust and appear to arise by a similar mechanism. Focal emphysema has not been 
produced experimentally. 

Epidemiologic studies have shown that the prevalence of CWP and mortality 
from lung disease in coal workers varies markedly from mine to mine and from 
region to region. 8 • 13• 15• 62 To some extent these variations reflect differences in 
criteria used for the selection and diagnosis of cases. However, they also emphasize 
the importance of local factors in the pathogenesis of CWP. Some of these factors 
have been identified; others undoubtedly remain to be discovered. Known factors 
include the rank of coal and its elemental and mineral composition, the nature 
of the adjacent rock strata, the methods employed in the recovery of the coal, and 
the specific occupation of the miner. 

Coal Rank 

Several studies have shown a relationship between the rank of coal and CWP; the 
higher the rank, the greater the prevalence of both the simple and the complicated 
forms. 6 • 8 • 65• 66 The reason for this association is not clear. Analysis of data from 
studies conducted in English and Welsh coal fields has shown that miners of higher­
ranked coals were exposed to a greater mass of respirable dust than were miners 
of lower-ranked coals.11 

The increased prevalence of CWP in the Pennsylvania 6 and South Ruhr ui 

high-rank anthracite coal fields may be related to quartz exposure. Pulmonary 
lesions in Pennsylvanian anthracite coal workers contained more silica crystals 
than lesions in bituminous miners. 6 This is surprising in view of the fact that an­
thracite usually contains less mineral matter and free silica than lower-ranked 
coals.13 However, anthracite coal is usually formed in association with undulating 
strata composed of sandstones and sandy shales. Thus the mining ·of the high-rank 
coals is likely to generate greater quantities of quartz dust. 

The pathogenicity of high-rank coals cannot be entirely explained on the basis 
of either increased dust burden or increased silica exposure. 59 Experimentally, 
high-rank coals have been shown to be more cytotoxic to guinea pig macrophages 
than low-rank coals containing similar amounts of mineral matter and quartz.15 

Rank of coal also appears to have an effect on clearance rates. Heppleston et al. 67 

have shown experimenta11y that dust from a high-rank coal mine was cleared at a 
slower rate from the lungs of rats than was an equivalent amount of dust from a 
low-rank coal mine. The basis for these differences in biologic reactivity of high­
and low-rank coals is not known. 

Silica 

The relationship of quartz to the development of CWP has received considerable 
attention and remains a controversial subject. The existence of classical CWP in 
coal trimmers, who are exposed to negligible rock dust, is evidence that CWP 
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occurs independently of silica exposure. 58 The important question is therefore not 
whether silica is ncessary for the development of CWP, but to what extent it con­
tributes to the progression of the disease. It is evident from a number of epidemio­
logic studies that spica exposure is a variable of relatively low significance.13• 15• 59• 88 

Several attempts have been made to correlate the quartz content of the lungs at 
autopsy to the severity of the pneumoconiosis. 68-7° Nagelschmidt 71 has shown 
that the severity of CWP at autopsy is related more to the total dust and total 
mineral content of the dust than to the concentration of quartz. The mean free 
silica content in the lung dust was 2.2 percent; moreover, typical silicotic nodules 
were not seen unless the concentration of silica in the dust exceeded 18 percent. 
These findings are in keeping with the epidemiologic studies referred to above. 
Two autopsy studies have shown a slight but positive correlation between the 
quartz content of the lung and the degree of pneumoconiosis. Sweet et al. 69 ana­
lyzed the lungs of miners who had worked in southern West Virginia and showed 
that free silica concentration in the lung dust ranged from 2.51 percent in miners 
with no evidence of pneumoconiosis to 3.67 percent in miners with PMF. They 
also showed a direct correlation between total lung dust and severity of the CWP. 
Chemical and pathologic analysis of 74 lungs from British coal workers showed 
those with soft-dust macules had the least total dust, coal dust, and noncoal min­
erals (including quartz) 1 whereas the cases with nodular CWP or PMF had the 
most. 70 Comparisons with the exposure data indicated a preferential retention of 
noncoal minerals, especially quartz, in the cases with the more severe lesions. The 
role of quartz in the development of fibrotic lesions in CWP has'been studied ex­
perimentally in rats exposed to coal dust enriched with varying amounts of 
quartz. 72• 73 These studies have shown a mitigating effect of coal dust on quartz 
fibrogenesis, which is due to nonquartz silicates and other minerals in the coal. 
The reaction depends on close physical contact between the mineral and the 
quartz. 74 The ability of coal dust to reduce quartz fibrogenesis is considerable; 
Rhesus monkeys exposed to coal dust containing 40 percent quartz failed to pro­
duce classic silicotic lesions. 3 4 The phenomenon has been observed in miners. An 
epidemiologic survey has shown that exposure to high levels of clay minerals ap­
pears to reverse the hazard associated with increasing quartz exposure. 68 Semi­
quantitative x-ray analytic studies of the different types of pulmonary lesions in 
coal workers also support this concept. 75 

Nonquartz Minerals 

The role of nonquartz minerals and metals in coal has received less attention. The 
fibrogen.icity of three common silicates in coal-kaolin, muscovite, and illite--was 
shown experimentally to be greater than coal alone but considerably less than 
quartz.16 A conclusion drawn from this. study was that even though these minerals 
are capable of reducing the toxicity of quartz, they should be evaluated in the 
assessment of mine dust toxicity. Another common mineral in coal, hematite, like 
the silicates, is capable of inhibiting quartz :fibrogenesis, 16• H but unlike the sili­
cates appears to be nonfibrogenic. 78 The role played by iron and its compounds in 
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the pathogenesis of CWP has not to our knowledge been examined, though iron is 
a major component of the mineral content of coal and contributes to the radio­
logic category of pneumoconiosis. 79• 80 Analysis of coal samples from a Pennsyl­
vania mine associated with a high incide11ce of CWP showed more Fe, Cu, Ni, Pb, 
and Zn t~an coal from a Utah mine with a low incidence of CWP. 81 Aqueous 
extracts from the Pennsylvania coal were more toxic to mammalian cultured cells.82 

The toxicity correlated with the concentration of nickel in the extract. A dose­
response curve using purified nickle chloride in the same. assay system, was similar 
to that produced by the coal extract but did not account for all the toxicity. Sweet 
et al. 69 have shown that the lungs of bituminous coal workers from southern West 
Virginia contained more Be, Ti, V, Cu, Ni, Pb, Mg, and Fe than did the lungs from 
a control population taken from the same area. When the concentrations of these 
metals were compared to the pathologic grading of CWP, only Be, Mg, and V 
correlated with increasing severity of lung damage. The data showed no relationship 
between Cr, Cu, Fe, Mn, Ni, Ti, and Zn and grade of pneumoconiosis. The levels 
of Be in the cases of PMF were in the same range as those recorded in the lungs of 
patients with berylliosis, 83 raising the distinct possibility that Be is involved in the 
conversion of simple CWP to PMF. 

The influence of toxic organic compounds and gases in the pathogenesis of 
CWP is another area of growing research interest. Toxic gases such as S02, N02, 

or CO may be generated in the mines from diesel engines, blasting, or welding. 20, 84 

The toxicity of these gases may be potentiated by concomitant exposure to inor­
ganic dust. 811 

Infection 

Coal mine dust may also affect the ability of the miner to respond effectively to 
infectious agents. The potentiating effect of coal dust and silica on mycobacterial 
infections has been well documented and is discussed in detail in the section on 
PMF. In addition, Hahon 86 has shown that coal dust depresses interferon syn­
thesis in cell monolayers that have been treated with influenza virus, suggesting one 
mechanism whereby miners might be predisposed to respiratory virus infections. 

Genetic Factors 

The wide variation in severity of the pulmonary lesions seen in miners of com­
parable age, smoking, and work histories leads us to believe that genetically de­
termined host factors may be of importance in the pathogenesis of CWP. In an 
early study, Hutchinson 87 failed to demonstrate a difference in severity of CWP 
between monozygotic and dizygotic twin brothers. Heise et al. 88 looked for genetic 
markers of resistance to CWP. They studied the distribution ~f blood group and 
histocompatibility (HL-A) antigens in Pennsylvania and West Virginia coal 
miners. Although they found no association between blood group and category of 
CWP, which was in accord with a prior study by Higgins et al.,80 they did show an 
association between W18 and resistance to PMF. They also demonstrated that HL-
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Al is associated with resistance to the development of both simple and compli­
cated CWP. A subsequent report which extended the population of miners 
confirmed the latter, but not the fonper, association. 90 These studies suggest that 
if there is a link b~tween genotype and resistance to CWP, it is a weak one. There 
is a need to search' for other genetic markers that have better predictive value. 

Immunologic Factors 

The role 'of immunologic factors in CWP has been studied in coal workers and 
in experimental animals. The incidence of circulating rheumatoid factor (RF) 
and antinuclear antibody (ANA) has been determined in miners in both the 
United States and in Great Britain. Soutar et al. 91 studied 109 British miners and 
showed a positive correlation between ANA antibody titers and category of pneu­
moconiosis. A similar, but less striking, trend was seen with RF. Lippmann et al.92 

also found an association between ANA and category of pneumoconiosis in 207 
Appalachian miners but no increase in incidence of the RF'. Antilung antibodies 
and elevated levels of serum and salivary IgA have been demonstrated in the sera 
and saliva of Appalachian coal work.ers.93 Mice also develop lung reactive anti­
bodies and increased levels of serum IgA when exposed to coal dust by inhala­
tion. 94 The role of these immunologic changes in the pathogenesis of CWP is not 
known. The relationship of immunologic factors to PMF and Caplan's syndrome 
is discussed in detail in the sections relating to these conditions. 

Smoking 

It is not possible to complete a discussion on the pathogenesis of CWP without 
reference to the influence of cigarette smoking. Cigarette smoke is known to in­
hibit particle clearance 27 and predispose to infection,95 and there ·is also a strong 
association between cigarette smoking' in nonminers and chronic bronchitis and 
emphysema. It is therefore not surprising that the smoking miner is at greater 
risk for chronic bronchitis and abnormalities of pulmonary function than is the 
nonsmoking miner. 8 • 96 However, smoking does not appear to be a factor that in­
fluences the prevalence of CWP determined radiologically. A study of 2,723 
British coal miners showed that the incidence of simple CWP was not appreciably 
altered by smoking. 97 The effect of smoking on PMF was not stated. Very few 
pathologic studies have taken smoking into account. N.aeye et al. 98 studied the 
effect of cigarette smoki~g on lung structure in 144 Appalachian bituminous and 
anthracite coal miners. He found that smoking had no influence• on the primary 
coal dust macule or its direct complications, but bituminous coal miners who 
smoked had a greater degree of cor puJmonale, more emphysema, and more bron­
chiolar goblet cells than did, the nonsmo~ing bituminous coal miners. These changes 
were not seen in the anthracite coal µ1iners. These studies suggest that although 
cigarette smoking is not directly involved in the pathogenesis of CWP, it does con­
tribute to the overall morbidity froll! .respiratory disease. 
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PROGRESSIVE MASSIVE FIBROSIS 

The term PMF was originally coined by radiologists to describe large opacities in 
the lungs of coal workers that appeared rapidly and tended to increase in size.99 

The incidence of PMF varies greatly according to local factors, but overall for 
underground U.S. coal workers it was approximately 0.4 percent in 1975.8 The 
condition is associated with an increased mortality from cardiopulmonary disease 
and for this reason is compensable. 

The development of a pathologic definition of PMF has proved difficult for 
three reasons. First, PMF usually occurs against a background of nodular lesions 
of varying size with no clear demarcation between the two types of lesion. Second, 
the nodular lesions of coal workers cannot be distinguished on histologic grounds 
from PMF. Third, it is not possible to determine at autopsy whether a lesion is 
progressive or not. Therefore the pathologic definition is arbitrarily based on 
size. The legal definition as contained in the regulations for the National Coal 
Workers Autopsy Study 100 defines PMF as a fibrotic lesion greater than 1 cm in 
diameter. This was chosen to be in accord with the radiologic definition. Recently, 
however, the Pneumoconiosis Committee of the College of American Pathologists 
recommended a 2-cm standard as more appropriate for morphologic studies.43 

Macroscopic Appearance 

PMF may be 'found in all areas of the lungs but occurs most commonly in the 
upper and posterior portions. It is usually bilateral. The lesions may be round, 
oval, or irregular in outline and have well-defined borders that clearly separate 
them from the adjacent lung. Characteristically, they transgress the anatomical 
boundaries of the Jung (Fig. 15). Peripherally situated lesions may be firmly 
tethered to the parietal pleura. Areas of massive fibrosis that originate in the more 
central portions of the lung and peripheral lesions that are not attached to the 
chest wall gradually retract towards the hilum of the lung (Fig. 16). In so doing 
they may considerably distort the normal lung markings on the chest x-ray (Fig. 
16). Solitary PMF lesions are easy to confuse clinically and roentgenographically 
with neoplasms. In these cases, biopsy or resection may be necessary to confirm 
the diagnosis. 

On cut section, the typical lesion is rubbery to firm in consistency, uniformly 
black in color, and may show extensive areas of cavitation containing fluid re­
sembling India ink. The liqui:fied contents of these lesions may rupture into an air­
way during life and give rise to alarming symptoms. PMF is invariably seen against 
a background of macular or nodular CWP, usually of severe degree. Coalescent 
nodules of varying size are frequently seen adjacent to areas of PMF (Fig. 15), and 
these correspond to the ax category of pneumoconiosis on the roentgenogram.101 

Emphysema of focal, scar, bullous, centriacinar, or panacinar types may accom­
pany PMF and varies greatly in amount (Figs. 16, 17). There is no evidence that 
the extent of emphysema is increased in PMF .102 
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FIG. 15. A 62-year-old Caucasian miner, worked 10 years underground as a loader and 24 years above ground as a check­
weighman. Left. Whole lung section shows cavitating progressive massive fibrosis. The lesion trangresses the lobar fissure. 
Micronodules, macronodules, and macules are also present. Right. Chest roentgenogram shows bilateral ill-defined opac­
ities consistent with complicated coal worker's pneumoconiosis category B on a background of category 2r round and 2u 
irregular small opacities. There is marked distortion of the pulmonary vessel markings. 
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FIG. 16. Coal miner, worked 35 years underground, nonsmoker. Left. Whole lung section shows progressive massive fibro­
sis (PMF) on a background of nodular and macular disease. The PMF lesion has retracted toward the hilum. Right. Chest 
roentgenogram shows bilateral upper zone large opacities consistent with complicated pneumoconiosis B on a back­
ground of category 2r small opacities. 
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FIG. 17. An 83-year-old black miner, worked 47 years as coal loader, nonsmoker. Left. Whole lung section shows cavitating 
progressive massive fibrosis together with ill-defined nodular lesions. The emphysema is so severe and extensive (pan­
acinar) as to obscure the macular lesions of CWP. Right. Chest roentgenogram shows bilateral large opacities consis­
tent with category B complicated pneumoconiosis on a background of category 3q small opacit ies. Comment: there 
is no evidence that the emphysema has interfered with the radiologic recognition of pneumoconiosis. 
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FIG. 18. Progressive massive fibrosis, showing coal-dust-containing macrophages lying be­
tween bundles of hyalinized, haphazardly arranged collagen. A large vessel, at center, has 
been almost entirely replaced by fibrous tissue and pigmented macrophages. Note the 
cavity containing free dust at lower field. H&E. x 180. 

Microscopic Appearance 

The lesions are composed of bundles of haphazardly arranged hyalinized collagen 
and reticulin fibers in which masses of coal dust are embedded (Fig. 18). The dust 
particles near the periphery of the lesion are mainly within macrophages, whereas 
in the center the dust tends to lie free in clefts and cavities between the connective 
tissue fibers. Hyalinized nodules showing features of silicosis are seen in some cases. 
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Special stains reveal the remains of obliterated arteries, veins, and bronchi in the 
center of the lesions. Blood vessels at the periphery frequently show an obliterative 
vasculitis (Fig. 18) and thrombosis. Extensive areas of liquefactive necrosis con­
taining fragments of ~necrotic collagen and cholesterol clefts are associated with vas­
cular lesions. Lymphocytes and plasma cells are seen in varying numbers in massive 
fibrosis and are particularly prominent in cases showing widespread vasculitis. Spe­
cial stains are helpful in excluding mycobacterial and mycotic infection. 

Electron microscopical and biochemical studies in PMF have shown that these 
lesions contain 20 to 50 percent coal and up to 30 percent collagen. 57• 103 The latter 
figure is low compared with other fibrotic lesions such as pleural plaques, where the 
collagen content may be as high as 90 percent. 57 The proportions of the glycos­
aminoglycans, hyaluronic acid, dermatan sulfate, chondroitin sulfate, and heparin 
sulfate in PMF, however, were indicative of active fibrosis. Qualitative analysis of 
the other proteins present revealed fibrinogen and the globulins IgA and IgG. 
Electron microscopy supported these findings. 

Etiology and Pathogenesis of PMF 

Epidemiologic and pathologic studies have identified four factors that are associated 
with an increased risk of developing PMF. These are total lung dust, quartz, tuber­
culosis, and immunologic status. The evidence linking these factors to the etiology 
of PMF is discussed below. The value of any one or a combination of these factors 
in predicting the likely development of PMF in a given miner is low, suggesting 
that there are other, as yet unknown, factors which effect the conversion of simple 
pneumoconiosis into its more aggressive form. The relationship of factors such as 
the genetic status of the miner and the mineral and metal component of the coal 
dust to PMF are discussed elsewhere. These clearly deserve more attention. 

The importance of the vascular lesions has not been adequately stressed. We 
have been particularly impressed by the similarity of the vascular abnormalities in 
nodular lesions and PMF and by the physical proximity of the two lesions. Increase 
in size or coalescence of nodules to produce PMF could occur as a result of in­
farction with subsequent scarring. This mechanism would explain the relatively 
rapid clinical appearance of PMF and the tendency of the lesions to progress. 

TOTAL LUNG DUST. The early observation by James 104 that PMF was not related 
to duration of exposure and hence to lung dust content has not been borne out by 
subsequent studies. It is now generally agreed that PMF occurs against a back­
ground of higher radiologic categories of simple pneumoconiosis.105•109 The fre­
quency of progression to PMF (attack rate) was determined on 105,000 working 
British coal miners by McLintock et al.108 They found that the attack rate increased 
with advancing simple pneumoconiosis on the earlier film, with rate of progression 
of simple pneumoconiosis, and with total dust exposure. Silica exposure was not 
found to be a significant factor. Autopsy studies in the United Kingdom 68• 70, 110 

and the United States 69 have shown a direct correlation between dust content of 
the lung and the severity of pneumoconiosis. 
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QUARTZ. PMF is a frequent complication of classical silicosis and occurs more 
commonly in silicosis than in CWP.110 Miners in the anthracite coal fields of Penn­
sylvania 104 and South Wales 111 have a high incidence of PMF, which is thought to 
be related to increased silica exposure. 6 •. 110 Autopsy studies have shown a greater 
total quartz content of the lungs in cases with PMF than in those with the lower cate­
gories of simple CWP. 69• 10• 112, 118 There is also evidence that the concentration of 
quartz in the total dust is increased in PMF and that quartz is preferentially retained 
in lungs that show the more severe lesions.69 • 70 There are several reasons for doubt­
ing the theory that silica is the cause of PMF. First, the association between 
silica and PMF noted . previously also applies to nonquartz minerals. Second, 
post-mortem studies have shown that there is a very wide range in the amount of 
silica in the lungs of cases with PMF, suggesting factors other than silica are opera­
tive. Third, PMF has been reported in coal trimmers, 58 carbon electrode, 54 and 
carbon black workers, 63 where exposure to silica is negligible. Our conclusion from 
reviewing the literature is that quartz is a factor which sets the stage for the de­
velopment of PMF but does not play a unique role in its pathogenesis. 

TUBERCULOSIS. Coal miners have a greater mortality from tuberculosis than the 
population at large. 62 In Appalachia this may reflect the historical prevalence and 
delayed control of tuberculosis in the region rather than an elevated risk due to oc­
cupation. The percentage of PMF lesions from which tubercle bacilli have been 
isolated has declined over the years, reflecting the general decline in tuberculosis 
due to improved public health measures. In 1954, James 104 isolated mycobacteria 
from 40 percent of 454 cases with PMF at autopsy. Rivers et al.114 cultured bacilli 
from 35 percent of cases with PMF. Naeye et al. 6 found acid fast bacilli in 17 per­
cent of the pulmonary nodular lesions measuring greater than 1 cm in diameter in a 
series· of Pennsylvania anthracite miners. Laqueur 115 cultured mycobacteria from 
7.5 percent of the PMF lesions in West Virginia miners who died between 1956 
and 1962. In 41 percent of these cases, the organism was classified as an atypical 
mycobacteria. This observation is interesting in view of the fact that Marks 116 had 
previously suggested PMF may result from opportunistic infection with mycobac­
teria of low virulence. Experimental studies support the concept that coal dust en­
hances the virulence of Mycobacterium tuberculosis. Gemez-Rieux et al.117 exposed 
guinea pigs to combinations of coal dust and mycobacteria. They demonstrated that 
the severity of the lesions was dependent on both the amount of coal dust and the 
concentration of quartz. Other studies have confirmed the synergistic effects of coal 
dust 118 and silica 110- 121 on experimental tuberculosis. These effects may be related 
to the toxic effects of silica on the macrophage.122 The evidence presented above 
suggests that a proportion of PMF cases are associated with mycobacterial infec­
tion and that this is enhanced by concomitant silica exposure. The evidence linking 
tuberculosis and PMF has weakened over the years. No difference in tuberculin 
sensitivity could be detected between miners with PMF and, miners with either 
simple pneumoconiosis or no pneumoconiosis. 123 • 124 Moreover, controlled trials of 
antituberculous chemotherapy in the early stages of complicated CWP have failed 
to prevent progression of the disease, 1 25 , 126 

.. 
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IMMUNOLOGIC FACTORS. The observation by Caplan 127 that a distinct form of 
complicated pneumoconiosis may occur in coal workers with rheumatoid arthritis 
has stimulated research into the role of immunologic mechanisms in the patho­
genesis of PMF. A ~tudy in England showed an increased frequency of RF in the 
serum of miners with PMF as compared with miners with simple CWP, 91 though 
a similar study of Appalachian miners failed to confirm the ass~ciation. 92 Wagner 
and McCormick 128 investigated the distribution of RF in the lesions of PMF by 
immunofluorescence. They found the majority of lesions showing an active vascu­
litis with plasma cell cuffing also contained RF. Rheumatoid factor was found only 
in 20 percent of PMF lesions without vasculitis and in the same percentage of the 
lesions of simple CWP. They suggested there may be two distinct types of PMF, 
one of which would represent an atypical form of rheumatoid pneumoconiosis. 
Immunoglobulins have been demonstrated in the lesions of PMF, but their signifi­
cance is not known. 57• 103 Cell-mediated immunity has not to our knowledge been 
investigated in this condition. 

RHEUMATOID PNEUMOCONIOSIS (CAPLAN'S SYNDROME) 

Background 

In 1953 Caplan 127 reported an increase in severe pneumoconiosis in Welsh coal 
miners with rheumatoid arthritis (RA). His findings, based on the examination of 
approximately 14,000 chest roentgenograms, showed PMF in 90 percent of 51 
miners with RA compared with an incidence of 30 percent in miners without RA. 
The roentgenograms of the arthritics showed large, evenly distributed, and well­
defined nodular opacities that were not typical of either simple CWP or silicosis. 
The unique morphologic characteristics of these lesions were later described by 
Gough et al.129 · 

The prevalence of Caplan's syndrome for all working miners in Europe is ap­
proximately 1 percent. However, for miners who have clinical RA, the prevalence 
is approximately 30 percent.18° Caplan's findings have been well confirmed in Great 
Britain 51 and in the Ruhr bituminous region of Germany.181 The situation in the 
United States appears to be different. The syndrome undoubtedly occurs but ap­
pears to be uncommon. Benedek et al.132 studied 100 active and retired Pennsyl­
vania bituminous miners with RA who had an average duration of 31 years in 
underground mining. Only three cases showed radiographic evidenc~ of. Caplan's 
syndrome; moreover, no ~vidence was found that RA exerted a deleterious effect 
on either the frequency or severity of pneumoconiosis in comparison to published 
prevalence data on U.S. miners. 

Caplan's syndrome occurs in miners of all ages, both active and re.tired. Ra­
diologically, the lesions progress more .rapidly than PMF and may show ring 
shadows, cavitation, and areas of calcification. Rapidly fatal fulminating forms of 
the disease have been recorded.111 The typical radiographic features of Caplan's 
syndrome may be seen in miners without clinical evidence of rheumatoid arthritis.188 

In these c.ases a circulating rheumatoid factor is invariably present, and follow-up 
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FIG. 19. A 63-year-old Caucasian miner, worked 24 years underground as machine operator, 
no smoking history, had active rheumatoid arthritis. Above. Whole lung section shows sev­
er~I large, well-circumscribed, Caplan nodules. Mild macular disease is also present. 
(Continued) 

has shown that many subsequently develop arthritis and/ or subcutaneous nodules.1 3 2 

Caplan has expanded his definition of the syndrome to include these cases.134 

Pathology 

Caplan's lesions usually occur in lungs showing only a mild degree of simple 
pneumoconiosis. The nodules are found throughout all lobes of the lungs and are 
often peripherally situated. They range in size from 0.5 to 5 cm in diameter and are 
clearly delineated from the adjacent lung parenchyma. The lesions are round and 
discrete but may form larger confluent masses (Fig. 19). On sectioning, the smaller 
nodules show concentric laminations of alternating pale yellow and dark areas. 
Liquefaction and cavitation of the lesions' centers are common, and calcification is 
seen in longstanding cases. Areas of interstitial fibrosis and honeycombing may 
be present. 
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FIG. 19 (cont.) Left. Close-up of Caplan's lesions showing pale (necrotic) areas with islands and rings of dust. The 
lesion is encapsulated. Right. Chest roentgenogram, shows numerous large round opacities typical of Caplan's lesions 
(complicated pneumoconiosis category C) against a background of category lq small opacities. 



FIG. 20. Rheumatoid pneu­
moconiosis (Caplan's le­
sion), low-power view. The 
nodule is composed of an 
area of central necrosis 
surrounded by a ring of 
dust and chronic inflam­
matory eel Is. The scanty 
pigmentation is typical. 
H&E. x 15. (Continued) 
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Microscopically, the active lesions have some features in common with rheu­
matoid nodules encountered in the subcutaneous tissues and in the lungs of non­
coal-miners with RA.135 The center of the typical Caplan's lesion is composed of 
eosinophilic necrotic material containing nuclear debris, polymorphs, and frag­
ments of reticulin and elastic fibers. Stains for "fibrinoid" are usually negative.129 

Cholesterol clefts are common in the older lesions. The necrotic center is sur­
rounded by a cellular layer composed of macrophages and fibroblasts. These may 
be arranged in palisade formation (Fig. 20). Giant cells are infrequnt. Occasional 
nodules are encountered containing considerable numbers of polymorphonuclear 
cells. These may indicate a more active phase of the lesion. The periphery of the 
nodule is composed of concentrically arranged collagen fibers and fibroblasts in 
which numerous plasma cells and lymphocytes are enmeshed. Blood vessels within 
the lesion and adjacent to it frequently show endarteritis obliterans with lympho­
cytic and plasma cell infiltration of their walls. The laminations. noted macroscopi­
cally are composed of bands of coal dust pigment, most of which is extracellularly 
located. It has been suggesed that these dust rings result from the migration of 
successive waves of coal-dust-laden macrophages during periods of activity, with 
subsequent release of the pigment following macrophage death. 51 Older inactive 
lesions show central calcification with more closely spaced rings of dust in a dense 
collagenous stroma. 
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FIG. 20 (cont.) Rheumatoid pneumoconiosis, high-power view from edge of lesion. From 
left to right there is granular necrosis containing degenerate polymorphonuclear leukocytes, 
palisaded fibroblasts, and a chronic inflammatory cell infiltrate in which plasma cel ls and 
lymphocytes predominate. Special stains for organisms {and cultures) were negative. H&E. 
x 300. 

Caplan's lesions need to be distinguished from those of tuberculosis and sili­
cosis. The older Caplan's lesion may be impossible to distinguish histologically 
from silicotic nodules. In these cases, chemical or microanalytical procedures for 
silica may be helpful. Silicotic lesions are usually smaller than Caplan's lesions, and 
central necrosis is less common. Palisading of fibroblasts, plasma cell infiltration, 
and cholesterol clefts are not usual features of silicosis. Tuberculous lesions are 
usually found in the upper lobes and are rarely as well circumscribed as Caplan's 
lesions. Histologically, Caplan's lesions and tuberculous lesions have many features 
in common, but dust rings are less common in tuberculosis, and plasma cells, 
which are abundant in Caplan's lesions, are exceedingly rare in tuberculosis. Special 
stains for fungi and mycobacteria may be of value in differentiation, as may culture 
of the fresh lesion. 

Pathogenesis 

The observation that Caplan's lesions may precede the onset of arthritis by several 
years 1 8 3 raises the possibility that CWP predisposes to the development of RA. This 
is unlikely for two reasons. First, RA is no more common in coal workers than in 
the population at large.1 36 Second, Caplan's lesions do not appear to antedate the 
presence of RF in the serum.1 8 3 
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Rheumatoid lesions of the lung are rare in individuals not exposed to dusty 
environments. The relationship of coal dust to the development of the lesions is not 
simple. The lesions of Caplan's syndrome, unlike PMF, characteristically occur 
against a background of little dust and mild simple pneumoconiosis. If the amount 
of dust is not a significant factor in the genesis of the lesion, then some specific 
constituent may be. The observation that similar lesions are associated with a 
variety of mineral pneumoconioses has led to the suggestion that silica may be this 
factor.180 

Infectious agents have also been implicated in the pathogenesis of Caplan's 
lesions. Gough et al.129 identified tubercle bacilli in the lesions of 3 of the 14 cases 
they described and suggested the lesions resulted from a modified reaction to tuber­
cle bacilli. The association of Caplan's lesions and tuberculosis has been disputed 
by Parkes. 51 The observation by DeHoratius 137 that pulmonary lesions induced in 
rabbits by Freund's adjuvant could be enhanced by subsequent treatment with RF 
lends some credence to the tubercle theory. On the other hand, the same findings 
would equally well support the idea that Caplan's lesions result from immunologic 
mechanisms. 

The histologic resemblance of Caplan's lesions to rheumatoid nodules in the 
subcutaneous tissues points to a common underlying mechanism for both. Necrosis, 
granulomatous inflammation, and immunocompetent cells all suggest a hypersensi­
tivity reaction. Necrosis is a recognized feature of hypersensitivity involving either 
cellular or hurnoral mechanisms. Granulomatous lesions are usually associated with 
delayed hypersensitivity; however, they can be produced experimentally in rabbit 
skin by the injection of preformed immune complex formed at the zone of antigen/ 
antibody equivalence.188 It is thus not possible to determine on histologic grounds 
alone whether cellular or humoral reactions are involved in the pathogenesis of 
Caplan's lesions. Immunoglobulins, including RF, have been demonstrated im­
munohistochemically in the plasma cells of the pulmonary rheumatoid lesions of 
coal workers 128 and non-coal-workers,189 and IgM has been observed in the walls 
of arteries adjacent to Caplan's lesions.128 It has been suggested that coal dust may 
provide a local stimulus for the production of imrnunoglobulins. This is based on 
the observation that following the injection of coal dust into the foot pads of rab­
bits, macroglobulin-containing cells appeared in the inguinal lymph nodes. Some of 
the globulins had RF-like specificity.99 Local synthesis of immunoglobulins with 
deposition around dust foci, possibly as immune complex, could be the starting 
point for subsequent cellular events. The vasculitis and polymorphonuclear cell 
infiltrate would further suggest that complement has been activated, though this was 
not observed in the nodular rheumatoid lesions of non-coal-miners.189 Electron 
microscopic studies would appear to be a logical next step in the study of these 
lesions. These could throw light on the relative importance of dust, infection, and 
immune mechanisms in the pathogenesis of this disease. 

INTERSTITIAL FIBROSIS 

Areas of diffuse, pigmented interstitial fibrosis with honeycombing may be seen in 
the lungs of coal wo,rkers (Figs. 21, 22). In our experience the entity is rare. It 
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FIG. 21. A 72-year-old black miner, worked 50 years in mines at a variety of jobs, including 
trapper, motorman, checkweighman, and coal loader. Nonsmoker. Whole lung section shows 
marked interstitial fibrosis with cyst formation (honeycombing). The areas of interstitial 
fibrosis are deeply pigmented. Elsewhere the lung shows mild macular disease. 

should not be confused with diffuse dust deposition in emphysematous lungs or 
with certain cases of nodular disease with extensive scar emphysema. It is reported 
that interstitial fibrosis occurs more frequently in association with Caplan's syn­
drome. 51 

SILICOSIS IN COAL WORKERS 

The incidence of silicosis among coal workers has not been well documented. In a 
series of autopsied coal workers from southern West Virginia, 13 percent showed 
histologic evidence of silicosis.115 In the majority of cases, silicotic nodules are an 
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FIG. 22. Interstitial fibrosis. The dust is distributed around small vessels and within the 
alveolar walls. Typical macular and nodular lesions were not seen. H&E. x 98. 

incidental finding at autopsy and occur in conjunction with the macular and nodular 
I 

lesions of CWP. They occur more frequently in the hilar lymph nodes than in the 
lung parenchyma. The nodules are usually of uniform size, are more firm, and have 
smoother borders and paler centers than the typical nodules of CWP (Fig. 23). 
Calcification is common, particularly in the hilar lymph nodes, which gives the 
characteristic "eggshell" appearance to the chest x-ray.140 Silicotic nodules tend to 
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FIG. 23. A 60-year-old Caucasian miner, worked 30 years underground as brakeman and 
motorman; cigarette smoker. Above. Whole lung section shows numerous round nodular 
silicotic lesions which are more numerous in the upper zone. Coalescence of nodu les has 
resulted in early progressive massive fibrosis. There are also macular lesions with focal 
emphysema. (Continued) 

coalesce to produce PMF. The silicotic PMF lesion is firm to hard in consistency 
and contains numerous srriall pale nodules (Fig. 24). 

Histologically, the mature nodule is composed of concentrically arranged lam­
inations of collagen fibers surrounding a hyalinized center (Fig. 25) . The silica and 
coal dust particles tend to be concentrated at the periphery of the lesion. Crystalline 
silica or quartz is only weakly birefringent and requires a properly equipped polar­
izing microscope for identification. The more brightly birefringent silicates, which 
are less fibrogenic than quartz, are common in the pulmonary lesions of coal 
workers. It is important, therefore, to differentiate these two types of particles when 
making a diagnosis of silicosis. 
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FIG. 23 (cont.) Left. Close-up, the nodules are of uniform size, have pale centers, and show little scar emphysema. 
The outline of the nodule is preserved in areas showing coalescence. Right. Chest roentgenogram shows bilateral 
category B complicated pneumoconiosis against a background of category 3r small opacities. There is calcification 
of hilar lymph nodes. Comment: Locomotive operators have a high incidence of silicosis. 
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FIG. 24. Coal worker, no case details. Whole lung section shows progressive massive fibrosis 
set against a background of nodular and macular disease. The pallor of the nodules, and 
their preservation in the area of massive fibrosis are indicative of silicosis. This was con­
firmed by histologic examination. 

EMPHYSEMA IN COAL WORKERS 

Emphysema is an anatomic condition which can be classified into panacinar (pan­
lobular), centriacinar ( centrilobular) , focal, alveolar duct, paraseptal, and irregular 
(including scar) types according to its location. Focal and scar emphysema, previ­
ously discussed, are closely related to the respective macular and nodular lesions of 
CWP. The functional significance of focal emphysema and the extent to which the 
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FIG. 25. Silicotic nodule in a coal miner. The concentric arrangement of the collagen fibers 
is characteristic. Dust is concentrated in the center and periphery of the lesion with a rela­
tively dust-free zone between. Special stains should be used to exclude histoplasma or 
other infective granulomata. Positive identification of silica in the lesions requires electron 
microscopy combined with x-ray analysis and selected-area electron-diffraction procedures. 
H&E. x 195. 
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mining environment contributes to other forms of emphysema are questions which 
have not been adequately resolved. They are of considerable clinical and medico­
legal importance. 

Attempts to compare the amount of emphysema in autopsied coal workers 
with the general population have been hampered by technical difficulties and with 
problems in sampling methodology. Naeye et al.98 found the lung area comprised 
of abnormal air space was 24.3 percent in nonsmoking Appalachian bituminous 
coal workers as compared with approximately 30 percent in cigarette smoking 
miners and 4.8 percent in an age- and sex-matched control population composed of 
both smokers and nonsmokers. The type of emphysema was not determined. Thus 
it is not clear whether the increase in emphysema seen in the coal workers was re­
lated to the dust lesions or independent of them. Also, the study was retrospective 
and consequently suffered from the limitation that the emphysema index was de­
termined on uninflated lung. 

Ryder et al.102 studied whole lung sections from 24 7 Welsh coal miners and 
247 age- and sex-matched controls. They found that the extent of the emphysema 
in the miners correlated closely with ventilatory impairment and with fine puncti­
form markings on the radiograph but not with increasing radiographic category of 
pneumoconiosis. They also showed that there was a significant excess of emphy­
sema in the miners for all age groups when compared to the controls. However, 
their conclusion that the prevalence of emphysema is greater in miners than in the 
general population was not entirely justified, since the majority of the miners were 
receiving disability benefits and were therefore probably not representative of all 
miners. Moreover, the smoking histories of the nonminer controls were not known. 
Perhaps the most important conclusion that can be drawn from this study is that 
emphysema plays a major role in the disability associated with clinically diagnosed 
coal workers' pneumoconiosis. 

Glick et al. 47 analyzed the data from a series of 700 Australian coal workers 
and found the extent of post-mortem emphysema correlated with ventilatory im­
pairment, a history of smoking, severity of pneumoconiosis, and years worked at 
or near the coal face. The contribution of focal emphysema to the overall emphy­
sema was not stated nor was the relative importance of the various factors given. 

Parkes 51 has argued that the poor correlation between the radiologic category 
of pneumoconiosis and the extent of emphysema at autopsy is evidence that coal 
mine dust is not etiologically related to emphysema. While a majority 89

• 
102

, 
141 of 

pre- and post-mortem correlative studies would support this conclusion, not all 
do.47 Also, this line of reasoning does not allow for other agents in the mines, such 
as toxic gases, in the pathogenesis of miners' emphysema.20 

It is likely that deposition and clearance of dust will differ in normal and 
emphysematous lu~gs. This is supported by Heppleston's 50 observations in humans 
and by studies of experimental emphysema.142

• 
148 It is not clear, however, whether 

retention of dust will be increased or decreased. Abnormal clearance as a result of 
tissue destruction in emphysema may account for increased amounts of coal dust 
observed in the liver and spleen of emphysematous coal workers.144 

A proportion of miners' lungs at autopsy show a generalized form of emphy­
sema (panacinar) with diffuse dust pigmentation (Figs. 17, 26). Histologically, 
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FI G. 26. Coal worker, no case details. Whole lung section shows diffuse dust deposition with 
moderate generalized (panacinar) emphysema. Discrete lesions of coal workers pneumo­
c6niosis are not seen. 

dust-laden macrophages are seen to be uniformly dispersed throughout the dis­
rupted walls of the alveoli, and there may be mild interstitial fibrosis. Heppleston 5 0 

has also drawn attention to this entity, and the German literature 145 refers to cases 
of Schwarzelocherlunge, literally "black hole" lung. We have found it to be a 
relatively common form of pneumoconiosis in a series of 700 miners autopsied in 
southern West Virginia from 1963 to 1972. In this condition, the pathognomonic 
features of CWP, i.e., the coal macule and focal emphysema, may be absent. It is 
therefore difficult, if not impossible, to determine whether the lesion represents 
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confluent simple CWP with destruction of the coal macule and redistribution of the 
dust or deposition of dust in a previously emphysematous lung. Ryder and col­
leagues 102 liberalized their definition of focal emphysema to include these cases. 
This has been criticized 146 on the grounds that it would include almost any form of 
emphysema. While we cannot accept Ryder's extended definition of focal emphy­
sema, we do feel that this condition should be considered a variant of CWP until 
demonstrated otherwise. In view of the association between a1-antitrypsin deficiency 
and panacinar emphysema, it would be of interest to determine the serum levels of 
this enzyme in this group of miners. Miners, in general, do not have an increased 
incidence of a1 -anti trypsin deficiency. H 7 

CHRONIC BRONCHITIS IN COAL WORKERS 

Bronchitis induced by organic and inorganic dusts generated in the workplace is 
called industrial bronchitis. This form of bronchitis is characterized by increased 
cough and sputum with evidence of mild flow limitation, which may be reversible. 
The majority of studies have shown a greater prevalence of cough and sputum in 
coal workers than in control groups. Early attempts to relate this to coal dust ex­
posure were unsuccessful. More recent studies have shown a positive but small 
effect of dust exposure on the prevalence of bronchitis (reviewed in Ref. 8), though 
this is far less than the effect due to smoking. The condition in coal workers is 
characterized by mild decreases in flow at high lung volumes coupled with a 
normal lung capacity.148 These changes are suggestive of large-airways obstruction 
rather than emphysema. 

An interesting feature of industrial bronchitis is that increasing radiologic 
category of pneumoconiosis is not associated with a corresponding increase in bron­
chitis. 8 One explanation for this finding is that bronchitis protects against the de­
velopment of CWP by decreasing deposition or by enhancing clearance. This hy­
pothesis was investigated by Muir et al.149 in a large population of working miners. 
They found no evidence that mucus hypersecretion offered any protection against 
simple pneumoconiosis. It is also possible that industrial bronchitis is caused by 
nonrespirable dust particles. Particles greater than 10 ,um are not retained by the 
lungs and, therefore, would not contribute to the radiologic category of pneumo­
coniosis. Perhaps the most likely explanation for the lack of correlation between the 
radiologic category of CWP and industrial bronchitis is that cumulative exposure to 
coal dust is not necessary for the development of this disease. 

Unfortunately, the morphologic correlates of industrial bronchitis have not 
been studied. It is not known whether the histology of industrial bronchitis is the 
same as chronic bronchitis. The pathology of chronic bronchitis involves hyper­
plasia of the goblet cells and hypertrophy and hyperplasia of the bronchial mucus 
glands. The airway basement membrane is frequently thickened, and the lamina 
propria may be edematous and infiltrated by lymphocytes, plasma cells, and occa­
sional polymorphonuclear leukocytes. The severity of chronic bronchitis can be 
quantitated by the use of indices that measure the ratio of goblet cells to ciliated 
epithelial cells, the relative size of mucous glands (Reid index), and the relative 



Coal Workers' Pneumoconiosis 381 

diameter of the airway lumen.150 Post-mortem studies of coal miners have thus far 
been unable to demonstrate a relationship between dust exposure and chronic 
bronchitis.150

• 
151 Ryder et al.151 studied a population of 247 coal miners and ex­

miners from Wales and compared them t~ an age- and sex-matched control group 
from the same area. They could find no significant difference in Reid indices be­
tween the two groups. In addition, the Reid index did not correlat~ with the forced 
expiratory volume in one second or with the radiographic category of either simple 
or complicated pneumoconiosis. Unfortunately, this study was not controlled for 
smoking. McKenzie and colleagues 150 examined the lungs of 136 autopsied Aus­
tralian coal miners and showed a positive correlation between a clinical history of 
chronic bronchitis and the Reid index. However, when factors such as age and 
smoking were taken into account no clear relationship between occupational expo­
sure and the Reid index or wall internal to cartilage/lumen radius ratio could be 
demonstrated. 

PULMONARY VASCULAR LESIONS IN COAL WORKERS 

Vascular abnormalities are common in the lungs of coal workers. It is therefore im­
portant to distinguish abnormalities related to occupation from those associated 
with aging, smoking, and other conditions. 43 Vascular abnormalities which can be 
directly related to CWP lesions are found in the coal macules and nodules and in 
PMF. It has been shown that the thickness of the small pulmonary arterial wall 
increases as the, vessel traverses the coal macule. 43 The lesion is specific for the 
macule and appears to be due to hypertrophy of the arterial media. The func­
tional significance of the lesion is unknown but is probably slight in view of 
the fact that none of the 10 cases studied showed a significant degree of right 
ventricular hypertrophy. 

The vascular lesions observed in the nodules and in PMF are identical. They 
primarily involve the small pulmonary arteries, but pulmonary veins and bronchial 
arteries are also affected. The affected vessels show an arteritis involving all layers 
of the wall. The media is progressively replaced by fibrous tissue, sometimes in seg­
mental fashion and endarteritis obliterans and thrombosis may lead to complete 
occlusion (Fig. 18). A prominent feature is the presence of numerous pigmented 
histiocytes within the walls of affected vessels (Fig. 27). Immunoglobulins and RF 
have been observed in vessels showing inflammatory changes.128 

COR PULMONALE 

The incidence of cor pulmonale in miners with PMF is higher than in those with 
simple CWP 47

• 
1 52

-
1 56 and is a common cause of death in miner~ with complicated 

CWP. 155 The mechanism whereby cor pulmonale is produced in PMF has been the 
subject of controversy. It could result from bronchial obstruction, obliteration of 
the vascular bed, or the development of shunts between the pulmonary arteries and 
bronchial artery. There is clinical evidence to support the first suggestion, as chronic 
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FIG. 27. Edge of pulmonary vein within progressive massive fibrosis. The vessel wall 1s in­
filtrated by chronic inflammatory cells, including numerous dust-containing macrophages. 
These latter extend to the intimal border. Numerous budding capillaries are present. H&E. 
x 390. 



FIG. 28. A 78-year-old coal miner, 
worked 39 years underground, 
smoked a pack of cigarettes per day. 
Whole lung section showed macules, 
nodules, and progressive massive fi­
brosis with mild focal and scar em­
physema. Post-mortem pulmonary ar­
teriogram shows increased tortu­
osity of the vessels with decreased 
filling in areas of massive fibrosis 
(PMF). (Some of the filling defect 
may be due to ante-mortem throm­
bus.) 
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airway obstruction commonly accompanies PMF.1 02
, 

155 Autopsy studies, on the 
other hand, suggest that obliterative vascular changes play a major role in the 
development of cor pulmonale.156 The changes would have to be extensive, how­
ever, as it has been estimated that more than one-half of the vascular bed needs to 
be destroyed to produce obstructive pulmonary hypertension.157 Figure 28 shows a 
post-mortem pulmonary arteriogram from a case of PMF with cor pulmonale. The 
great loss of pulmonary vasculature can be seen when compared to a normal ar­
teriogram (Fig. 29). These findings are reflected in the clinical studies of Seaton 
et al.158 They performed lung perfusion scans on 37 miners and exminers and 
showed that in all 14 with complicated pneumoconiosis and in 2 out of 3 with 
category 3 simple pneumoconiosis, there were avascular zones in relation to the 
conglomerate masses and nodules of CWP. They concluded that their findings were 
in remarkable agreement with the pathologic studies. 

The final possibility is that shunts develop between pulmonary and bronchial 
arteries within the areas of fibrosis. Such lesions are known to occur within the 
fibrous tissue of bronchiectatic lungs and are associated with pulmonary hyperten­
sion.159 Shunts have not been systematically searched for in PMF, but are less likely 
to occur in view of the destructive nature of the lesions. 

Clinical cor pulmonale is rare in simple CWP unless there is also chronic air­
way obstruction.8· 96· 152• 160 However, mild but statistically significant increases in 



384 F. H. Y. Green and W. A. Laqueur 

Fig. 29. A 45-year-old miner, 
worked in coal mines for 26 
years, smoked a pack of cig­
arettes per day. Whole lung 
section showed mild macular 
CWP. The post-mortem pul­
monary arteriogram appears 
normal. 

pulmonary arterial pressure have been recorded at rest and on exercise in miners 
with simple CWP who do not have ventilatory disturbance.96

• 
160

• 
161 These changes 

could result from reduction or loss of distensibility of the vascular bed, abnormali­
ties of diffusion, or derangements in the ratio of ventilation to perfusion. Their 
anatomic basis may lie in' the perivascular mantles of coal dust 161 or in the hyper­
trophic changes in the small pulmonary arteries as they traverse the coal macule.43 

There is no evidence that these minor abnormalities produce any noticeable im­
pairment in the normal activities of work or daily living. 

Autopsy studies in Great Britain have likewise failed to show an association 
between simple CWP and cor pulmonale.51

• 
153

• 
154 In the United States, a high 

incidence of "cor pulmonale" has been observed in autopsied Appalachian coal 
workers with simple CWP.1 52

• 
161

• 
1 62 The discrepancies between the studies in the 

United Kingdom and the United States probably reflect differences in diagnostic cri­
teria. In the U.S. studies, cor pulmonale was defined in terms of right ventricular 
mass or right ventricular thickness. These measurements do not necessarily cor­
relate with the right heart failure and dilatation necessary for a (clinical) diag­
nosis of cor pulmonale. To avoid confusion, we would prefer anatomic measure­
ments not be used as synonyms for cor pulmonale. 

The severity of right ventricular hypertrophy in the Appalachian miners cor­
related with the extent of emphysema, chronic bronchitis, and rank of coal but not 
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with the volume of the dust macules and nodules. 6 • 152 These findings suggest that 
alveolar hypoxia secondary to chronic bronchitis and emphysema is more important 
than the lesions of simple CWP in producing right ventricular hypertrophy. 

In summary there appears to be no doubt that cor pulmonale is a common 
complication of PMF. However, there is little or no evidence that simple CWP, 
per se, can cause cor pulmonale. The significance of the pulmonary arterial lesion 
in the coal macule and the slightly raised pulmonary arterial pressures recorded in 
simple CWP have yet to be determined. 

LUNG CANCER 

Whether exposure to coal mine dust increases the chances of developing car­
cinoma of the lung is a matter of considerable importance which has not been 
adequately resolved. There are many reasons for suspecting the environment of the 
coal mines may influence the incidence of lung cancer. Coal mine dust is a complex 
substance containing organic carcinogens such as the polycyclic aromatic hydro­
carbons (PAH) 18 and trace amounts of metals, of which beryllium, cadmium, 
chromium, cobalt, lead, manganese, and nickel are carcinogenic in some mam­
malian species. 163 

Organic procarcinogens such as the P AHs require metabolism into an active 
form by the microsomal mixed-function oxidative enzyme system.164 Two of the 
metals mentioned above, lead and cadmium, are able to inhibit this system and 
could, in theory, protect the lungs from the effects of the organic carcinogens.165 

Synergism between carcinogens and coal dust similar to that observed between as­
bestos and tobacco smoke is also possible.166 The increasing use of diesel equip­
ment in the mines raises the possibility of carcinogens being passively transported 
into the lungs adsorbed to coal dust and diesel particulates. 84 

The complexity of the problem from a theoretical standpoint makes the epi­
demiologic and pathologic data all the more important. The literature on the 
subject is somewhat contradictory and needs to be interpreted with caution. There 
are many difficulties in determining the true incidence of lung cancer in coal 
workers. In large studies, wide variations in incidence between different mines 
could counterevidence the findings. In small studies, regional variations in the in­
cidence of lung cancer in nonminers 167 could ~ause bias unless a control population 
from the same region is used. The influence of smoking on lung cancer rates needs 
to be taken into account. Cigarette-smoking miners have an eightfold excess of 
lung cancer deaths when compared with nonsmoking miners.1 68 The majority of 
studies we have reviewed suffer one or more of these limitations. 

Several mortality studies based on death certificates and necropsy data have 
been published on U.S. and U.K. miners. The majority,169-174 but not all,175

-
178 show 

a decreased prevalence of lung cancer in coal workers. In 194 7, Kennaway and 
Kennaway 172 published standard mortality ratios (SMR) for lut'.tg cancer by occu­
pational group within the· mines and found a considerable deficit for every cate­
gory. The overall SMR for lung cancer was 59. In a later study they found a higher 
incidence of lung cancer in face workers.1 7 9 James 180 reviewed 1,827 autopsies on 
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miners and 1,531 autopsies on nonminers and found the prevalence of carcinoma 
of the lung to be similar for the nonminers and the 967 miners with simple CWP. 
There was a significant deficit of lung cancer in the 860 miners with PMF, which 
led James to speculate that early death from pneumoconiosis was the factor re­
sponsible for the low incidence. Doll 181 attempted to correct for this factor by 
calculating a cause-specific SMR adjusted for deaths from other causes; he still 
found a significant reduction in overall mortality from lung cancer. A more recent 
study 174 based on autopsy data on 1,003 Lancashire coal miners has confirmed the 
low incidence of lung cancer in miners with PMF. Early death from pneumoconiosis 
was not a factor in this study, as the mean age at death was 72 years, which is 
slightly above the national average. The low incidence of lung cancer associated 
with PMF is unexpected, as lung scars in other circumstances are associated with 
an increased risk of cancer.182 

The first mortality study of U.S. coal workers was based on the general occu­
pational mortality for the year 1950 and was conducted by the U.S. Public Health 
Service. 176 The SMR for lung cancer in coal workers was 192. A later study based 
on a smaller population in the Beckley area of West Virginia confirmed this in­
crease, though the SMR at 110.9 was lower.173 Two mortality studies on a cohort 
of 3,726 Appalachian miners have been published.169• 

170 SMRs were computed 
using the entire U.S. population as a basis for comparison. The low SMR of 67 for 
lung cancer appeared to confirm the British findings. These were the first studies to 
take smoking into account and showed the expected excess of deaths from lung 
cancer in miners who smoke. A recent mortality study based on a cohort of 23,233 
miners covered by the United Mine Workers Health and Retirement funds showed 
a slight overall excess mortality from lung cancer (SMR 112.5).1 78 Examination of 
the raw data shows that this excess is largely derived from a few districts showing a 
high prevalence of lung cancer. Similar marked regional variations in the prevalence 
of lung cancer have been demonstrated in the English coal fields. 167 The SMR for 
lung cancer ranged from 63.2 in Durham to 147.0 in the northwest region. 

Abraham 183 found 104 cases of primary lung cancer in the first 1,300 cases 
submitted to the National Coal Workers' Autopsy Study (NCWAS). Details of the 
cases are shown in Table 2. The expected excess of deaths of miners who smoked 
was confirmed. The data also showed the nonsmoking miner with lung cancer had 
worked for a significantly greater length of time underground when compared to 
the nonsmoking miner without lung cancer. This difference could not be explained 
on the basis of age. Firm conclusions cannot be drawn from this study, since the 
number of nonsmoking miners with lung cancer was small. It is currently being 
repeated with larger groups of miners. 

An eKperimental study linking coal dust to lung cancer has been published by 
Martin.16 Rats exposed to coal dust or a mixture of coal dust with 10 percent 
quartz showed lung tumors in 10 and 44 percent, respectively, after 24 months. 
The tumors were either adenocarcinomas or epidermoid tumors of low-grade malig­
nancy. Tumors were not observed in control animals. 

It is apparent from this review that no clear-cut answer to the problem of lung 
cancer in coal workers is possible at the present time. Future epidemiologic re­
search should attempt to identify factors ( e.g., radiation) associated· with the mines 
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TABLE 2. Lung Cancer in U.S. National Coal Workers' Autopsy Study 

Smokers Ex-Smokers Never Smoked 

Case Parameters 

Number 
Age at death * 
Smoking history * (pack-years) 
Years in underground job * 

* Mean+ SD. 
t p < 0.01. 
* 0.01 < p < 0.05. 

Lung Cancer Others 

30 380 
65.7 ± 10.1 58.8 + 10.1 t 
36.8 + 24.1 27.5 + 19.7 t 
30.4 + 15.6 26.8 + 12.1 

Lung Cancer Others Lung Cancer 

' 64 t - 444 10 t 
64.1 + 9.4 64.2 + 9.9 71.2 + 8.05 
24.9 + 15.4 19.9 + 16.9 t 0 
29.2 ± 14.4 28.5 + 13.2 40.0 + 8.98 

From JL Abraham: The Lung, !AP Monograph No. 19, 1978. © 1978, U.S. Canadian Division of the IAP. 
Courtesy of the Williams & Wilkins Co. 

Others 

352 
69.7 + 11.63 

0 
29.7 + 13.31 t 
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or regions where there is a high incidence of lung cancer. Pathologic studies need to 
examine the distribution of lung cancer by histologic type between coal workers and 
non-coal-workers and determine the proportion of cancers related to scars. 

CORRELATIVE STUDIES OF CWP 

CWP is an unusual disease in that it can be diagnosed in any one of three distinct 
ways: by radiology, by pathology, and clinically. The radiologic and pathologic 
diagnoses primarily reflect the lung's dust content and its fibrous tissue response, 
whereas the clinical diagnosis is related more to the emphysema, chronic bron­
chitis, and pulmonary vascular abnormalities. Hence correlation between radi­
ologic and pathologic findings in CWP is fairly good, whereas the correlation be­
tween these two and functional impairment ( except in cases with PMF) is 
poor.96

• 
184 These discrepancies have resulted in a polarization of medical opinion 

along differing and often radically opposed lines concerning the significance of 
simple CWP. Ideally, each diagnostic system should be directly translatable into 
the terms of the others. This is difficult for several reasons. First, there is no agree­
ment as to what proportion of the bronchitis and emphysema seen in coal workers 
can be attributed to occupation; second, bronchitis, emphysema, and pulmonary 
vascular disease are difficult, if not impossible, to diagnose radiologically; third, the 
structural abnormalities of centriacinar emphysema (including focal) have not 
been firmly related to physiologic abnormality 184; and fourth, the pathology of 
industrial bronchitis has yet to be described. 43 

The first attempt to correlate the radiologic and pathologic features of CWP 
was made by Gough et al. in 1949. 42 They studied 7 6 cases and made side-by-side 
comparisons of chest roentgenograms and whole lung sections. They concluded 
there was good correspondence between the number of opacities seen in the roent­
genograms and the number of coal dust nodules seen in the lungs. Caplan 141 

studied whole lung sections on 2J8 South Wales coal workers and compared these 
to the chest roentgenograms taken not more than 2 years before death. There was a 
fairly good correlation between the radiologic category and the number and charac­
ter of dust foci in the lungs at necropsy. Rivers et al.39 determined the total dust, 
coal, and mineral in a series of 45 lungs and compared these to the radiologic 
category of pneumoconiosis. A good correlation was found between total dust con­
tent of the lungs and radiologic category; however, the mineral component of the 
dust contributed nine times more to the radiographic density than did the coal dust 
component. This was explained on the basis of differing x-ray absorption charac­
teristics between the coal and mineral constituents of the dust. They also con­
cluded that the total dust content of the lungs bore a more direct relationship to 
the radiologic category than the tissue (fibrous) reaction to the dust. This con­
trasts with silicosis, where it has been shown that fibrous tissue reaction contributes 
more to the radiologic appearances than does the dust.185 

Rossiter et al.7° followed up the work of Rivers et al.89 and extended it to 
include 88 lungs from a wider range of coal fields. Good to fair correlations were 
found between radiologic score and the iron content of the lung, total dust, coal 
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dust, years underground, collagen grading, mineral content, silica content, age at 
death, and focal emphysema in that order. There was no correlation between ra­
diologic score and the degree of generalized emphysema. Later, Rossiter 80 investi­
gated the relationship between radiologic c~tegory of simple CWP and dust content 
in a group of 221 miners. In this series, whole lung and histologic sections were 
not assessed. The average radiologic scores based on 11 independent readings 
correlated well with the coal, mineral, quartz, and iron content of the lungs. There 
was a small, but significant, residual relation of radiologic score to years in coal 
mining. Films showing larger nodular opacities were read in a higher category than 
would have been expected from the amount of dust in the lungs. This suggests that 
some factor, perhaps tissue reaction, in addition to dust contributes to this type of 
opacity. Films of poor technique tended to be read in the middle categories, irre­
spective of the dust content of the lungs. 

To our knowledge only one comparable correlative study has been made on 
U.S. coal workers. Naeye and Dellinger 186 compared radiologic category of pneu­
moconiosis with lung pathology in a series of 77 coal workers. The roentgenograms 
were read by a panel of five experienced radiologists using the UICC/ Cincinnati 
classification system. A good correlation was found between category of pneumo­
coniosis, volume of dust macules and nodules, and the silica and collagen content 
(determined morphometrically) of nodules and macules. However, there was poor 
roentgenographic recognition of emphysema and right ventricular hypertrophy­
the two disorders which appear to be most closely related to disability. 

A view commonly expressed is that emphysema tends to obscure the radiologic 
features of CWP (reviewed in Ref. 101). If this were true, a miner with emphy­
sema and nodular lesions would be expected to have a lower radiologic category 
of pneumoc~niosis than he would have had in the absence of the emphysema. The 
physics of radiology do not support this hypothesis, 101 and in fact, correlative 
studies 711· 141 have shown the opposite is more likely to be true, i.e., that emphy­
sema actually increases the radiologic category of pneumoconiosis. A radiologic fea­
ture which may be directly attributable to emphysema has been recently demon­
stated by Lyons et al.187 They showed that irregular opacities on the roentgenograms 
were highly correlated with the extent of post-mortem emphysema and ante­
mortem ventilatory impairment, whereas the purely rounded opacities were not so 

'correlated. This is the first study to show a direct relationship between certain 
;radiologic, pathologic, and physiologic aspects of CWP. 

Although simple CWP is associated with mild but definite functional ab­
normalities, 8• 155 it has not been possible to relate these changes to the radiologic 
category (an index of profusion) of simple CWP.101, 1·02, 188• 189 There is some evi­
dence that the size 189 or type of opacity 187 may be related to specific functional 
abnormalities. These latter findings deserve much more attention than they have so 
far received. There is a good correlation between abnormalities on the chest roent­
genogram and abnormalities in pulmonary function in PMF. Cat,egories B and C 
complicated PMF are associated with a marked reduction in ventilatory function 
with low diffusing capacity, gas-exchange abnormalities, and pulmonary hyper­
tension.162 

Finally, very few studies have attempted to relate physiologic findings in CWP 
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to the lesions encountered at autopsy. The relationship between chronic bronchitis, 
emphysema, and cor pulmonale at autopsy with clinical findings have already been 
discussed under the respective subject headings and are reviewed by Lamb.184 We 
are currently analyzing the clinical, pathologic, radiologic, smoking, and occupa­
tional data on a series of 700 underground coal workers. The results from this 
study should provide answers to some of the unresolved problems outlined above. 

Correlative Studies Using Lyophilized Lungs 

RADIOLO'GIC. The relationship between radiologic opacities and the physical reality 
of a lesion has been investigated in plastic models i'do and in deconstructed human 
lungs.1111 Factors responsible for the radiologic appearances include the size, shape, 
and composition of the lesions; the background density of the lung; and the effects 
of summation and emphysema. The major constituent of coal, carbon, has an 
atomic number which is similar to the average atomic number of tissue constituents. 
It is not surprising, therefore, that the iron and mineral components of coal mine 
dust contribute more to the radiologic score than does the carboniferous com­
ponent. 39· so The size of the lesion is important. Spherical lesions less than 6 mm 
in diameter are difficult to resolve by conventional radiologic techniques 191 ; for 
this reason it is unlikely that individual macules will appear on a roentgenogram. 

In order to understand these relationships better, a procedure for freeze­
drying human lungs has been developed at the Appalachian Laboratory for Occu­
pational Safety and Health.192 Existing methods for preserving lungs for correlative 
studies, such as wet and dry fixation and wet and dry ashing, result in either con­
tamination of the specimen, poor x-ray contrast, or destruction of the tissue. 
Freeze-drying does not have these disadvantages and thus allows for the detailed 
correlation of pathologic, radiologic, and mineralogic features of the disease. The 
apparatus we use for freeze-drying coal workers' lungs is shown in Fig. 30. The 
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FIG. 30. Diagram of apparatus designed for freeze-drying human lungs. The unfixed lung is 
cannulated, inflated with cooled air, and placed in the freeze-drying chamber. When the 
lung is frozen, the cannula is removed, the chamber sealed, and a vacuum applied. Dehy­
dration takes two to three weeks. 
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FIG. 31. left. Roentgenogram of 1-cm-thick slice of lyophilized (freeze-dried) lung. The 
round opacities correspond with micronodular lesions. Macular lesions are not resolved. 
Right. Whole lung section prepared from same slice showing micronodules and macules. 

finished specimen has the consistency of polystyrene foam and can be radiographed, 
sliced to produce whole lung sections, and processed for light microscopy and 
chemical analysis. Examples of coal workers' lungs processed by this method are 
shown in Figs. 31 and 32. These cases illustrate that individual macules are in­
sufficiently x-ray opaque to be resolved, whereas the larger fibrotic nodules are 
readily apparant. Studies designed to correlate the elemental composition of the 
lesions with the radiologic appearances using x-ray fluorescence and energy­
dispersive x-ray analysis are in progress. 

MAGNETOMETRY. Small quantities of ferrimagnetic material can l,e accurately mea­
sured in the lungs of living subjects using the recently developed technique of 
magnetopneumography.1 93 The technique involves applying a uniform magnetic 
field across the lungs and then measuring the remnant magnetic field using a sensi-
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FIG. 32. Roentgenogram of whole lyophilized (freeze-dried) lung from coal miner. The pro­
fusion of nodular opacities is greatest in the upper zone. Superimposition of small nodules 
gives the impression of a single large lesion in this area. 

tive SQUID or fluxgate magnetometer. The resultant field is proportional to the 
amount of ferrimagnetic material present. It has proven useful in studies of iron 
and steel workers, welders, and asbestos workers, in whom the concentration of 
ferrimagnetic material in the inhaled dust is high.1 93 The major advantages of this 
technique are that it is safe, noninvasive, and quantitative. The disadvantages are 
that it will only measure the ferrimagnetic component of the dust and that it does 
not give information concerning tissue response. 

The ferrimagnetic component of coal mine dust is low and is largely derived 
from oxides of iron. Studies in living coal miners, however, have shown the tech­
nique is sensitive enough to detect these small amounts.19 4 We are currently apply­
ing the technique to freeze-dried lungs from groups of miners and nonminers in 
order to determine if there is a correlation between magnetometry, radiology, and 
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the dust content of the lungs. The theoretical aspects of magnetometric dust assess­
ment in lung models and freeze-dried coal workers' lungs have been published.1 95 

EXTRAPULMONARY PATHOLOGY 

Coal dust is frequently encountered in extrapulmonary sites in coal workers. The 
abdominal para-aortic lymph nodes in coal miners are usually enlarged and heavily 
pigmented. They may show typical silicotic nodules. Coal dust is also seen in the 
liver and spleen in about 20 percent of miners ( Green et al., unpublished). The 
pigment lies in the connective tissues of the portal tracts in the liver and encircles 
the arterioles in the spleen (Fig. 33). The pigment could be derived from either the 
gastrointestinal tract or the lungs. It appears to have little pathologic effect. An 
unusual case of hepatic cirrhosis was described by Welch in 1891.144 The patient, 
who died of carcinomatosis, showed massive deposits of coal dust in his liver in 
association with bands and nodules of dense fibrous tissue. Welch was so impressed 
by this lesion that he termed it "cirrhosis hepatis anthracotica." We have not ob­
served this lesion, though we have occasionally observed silicotic nodules in the 
spleens of coal miners. The possible role of extrapulmonary coal dust in diseases in 
coal workers deserves more attention, especially in view of the fact that a distinct 
form of nephropathy has been observed in patients with pulmonary silicosis.196 

CANCER OF THE STOMACH 

While there is no clear evidence for an association between lung cancer and coal min­
ing, there is a consensus that coal miners in both Europe and the United States have a 
higher than expected mortality from carcinoma of the stomach.17°, 173

• 
175

• 
178 This 

is a specific phenomenon, as mortality from other forms of malignancy is not 
increased. No satisfactory explanation has been advanced. Matolo et al.197 have 
suggested that carcinoma of the stomach was more common in miners with cate­
gories 1 and 2 than category 3 pneumoconiosis. They concluded their findings do 
not support the dust hypothesis. This line of reasoning can be criticized on the 

,grounds that radiologic category is an index of retained dust in the respirable range 
, and does not necessarily reflect exposure to the larger particles. The larger par­
ticles are more likely to be cleared by the upper airways and swallowed than the 
smaller particles. Much of the dust entering the stomach from this source will be 
within alveolar macrophages, cells that may be capable of metabolizing the pro­
carcinogens in coal into their active forms. 

A factor which could be of importance in the etiology of stomach cancer in 
miners is the practice of tobacco chewing. Coal miners smoke about the same 
numbers of cigarettes as nonminers but are not permitted to smoke underground. 98 

Consequently, tobacco chewing is more common in mining than in other industries. 
The majority of the carcinogens associated with tobacco smoke are formed during 
combustion. A recent report, however, has shown that unburned tobacco contains 
N-nitrosonornicotine, a potential oncogen, in concentrations ranging from 1.9 to 
88.6 parts per million.198 This is the highest value yet reported for an environ­
mental nitrosamine. 
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FIG. 33. Section of spleen from a retired coal miner. Coal dust is seen within macrophages 
adjacent to a small arteriole. This distribution is characteristic. H&E. x 390. 

NATIONAL COAL WORKERS' AUTOPSY STUDY 

A nationwide autopsy program for underground coal miners was initiated under the 
Federal Coal Mine Health and Safety Act of 1969. 5 The purpose of the program 
differs from autopsy programs in other countries in that submission is voluntary and 
is not confined to cases receiving compensation.1 51 In the Nc;w AS, the autopsy is 
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TABLE 3. U.S. National Coal Workers' Autopsy Study Cases by State 

State 

Pennsylvania 
West Virginia 
Illinois 
Ohio 
Kentucky 
Virginia 
Wyoming 
Colorado 
Utah 
New Mexico 
Kansas, Michigan 
Tennessee 
Oklahoma, Missouri 
Indiana, New Jersey 
New York, Washington, Washington D.C. 
Arizona, Connecticut, Florida, Georgia, Oregon, Texas 

From JL Abraham: The Lung, IAP Monograph No. 19, 
Division of the IAP. Courtesy of the Williams & Wilkins Co. 

Number 

594 
350 

71 
50 
49 
41 
26 
23 
9 
7 
6 
5 
4 
3 
2 
1 

1978. © 1978, 

Percent 

47 
28 

6 
4 
4 
3 
2 
2 
1 
1 
0.5 
0.4 
0.3 
0.23 
0.16 
0.08 

U.S. Canadian 

requested by the surviving relatives and paid for by the federal government. The 
results are confidential. Requirements for submission to the NCW AS have been 
published 100 or can be obtained directly from NIOSH. * 

An acceptable case includes an autopsy report, lung blocks, slides, and a per­
sonal history form. The pathologist is also encouraged to submit a recent clinical 
roentgenogram. The study suffers from the epidemiologic limitation that the sample 
is uncontrolled. This may not be a major drawback, however, as the NCW AS popu­
lation is similar to the general working miner population with regard to geographic 
distribution, occupation within the mines, and smoking history. Since its inception 
in 1972, 2,400 cases have been included from 26 states. The basic data on the first 
1,299 cases are shown in Tables 3 to 6. Pneumoconiosis was determined to be the 
underlying cause of death by the pathologist in 4 percent of cases. This figure may 
not accurately reflect the true incidence, however, as the sample is biased toward 
miners who were not receiving benefits during life and may therefore contain fewer 
cases of the severe forms of disease. 

The data in the NCW AS have been used to compare death certificate diagnoses 
with autopsy diagnoses. This allows an estimate of biases in counts of deaths due to 
specific diseases in coal miner mortality studies when only reports of causes of 
death from death certificates are used. Table 7 shows that from 10 to 30 percent 
and more of autopsy diagnoses of underlying causes of death were omitted from 
death certificates. A larger study by Heasman and Lipworth 11~0 in a nonmining 
population found similar major discrepancies. As almost all mortality statistics are 
based on death certificate data, these findings are of considerable importance. The 
inaccuracy of death certificate reporting was one of the reasons why the anatomic 

• NIOSH, 944 Chestnut Ridge Road, Morgantown, West Virginia 26505. 
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TABLE 4. Distribution of Autopsies in U.S. National Coal Workers' 
Autopsy Study 

Type of Autopsy 

Heort and 
Type of Death Number Complete Brain Excluded Lungs Only 

Hospital 297 (22.92 % ) 131 (10.11 %) 143 (11.03%) 23 ( 1.77%) 
Dead on Arrival 103 ( 7.94%) 21 ( 1.62%) 35 ( 2.70%) 47 ( 3.63%) 
Embalmed 896 (69.14% ) 102 ( 7.87%) 693 (53.47 %) 101 ( 7.79%) 

Total 1296 254 (19.60%) 871 (67.21 % ) 171 (13.19%) 

From JL Abraham: The Lung, IAP Monograph No. 19, 1978. © 1978, U.S. Canadian 
Division of the IAP. Courtesy of the Williams & Wilkins Co. 

TABLE 5. Smoking History in the U.S. National Coal Workers' 
Autopsy Study 

Smoking Status Number Percent 

Never smoked 334 25.7 
Cigar or pipe only 31 2.4 
Ex-smoker 509 39.2 
Current smoker 394 30.3 
Unknown status 31 2.2 

Total 1299 100 

From JL Abraham: The Lung, IAP Monograph No. 
19, 1978. © 1978, U.S. Canadian Division of the 
IAP. Courtesy of the Williams & Wilkins Co. 

TABLE 6. Mining History in the National Coal Workers' 
Autopsy Study 

Years in 
Underground 

Mining Number Percent 

0-10 136 11.68 
11-20 217 18.64 
21-30 284 24.40 
31-40 323 27.75 
41- 50 174 14.95 
51-61 30 2.58 
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TABLE 7. Specified Diagnoses Reported as Related to Death on Death Certificate and After Autopsy: 
1299 Deaths of C'oal Miners, U.S. 1970-7 4 * 

Combinations of Classifications of Diagnoses t 
Autopsy 

Death Certificate Primary Primary Primary Contributing Contributing Contributing No Report No Report 

Diagnoses t Number Underlying Contributing No-Report Underlying Contributing No Report Underlying Contributing 

Coal Miners Deaths 

Respiratory tuberculosis 45 7 4 4 1 2 18 1 8 
Malignant neoplasm 

Bronchus and lung 110 69 0 8 6 7 13 7 0 
Digestive system 92 60 2 9 2 1 11 5 2 

Arteriosclerosis, hyper-
tensive heart disease, 
and myocardial infarction 992 330 48 45 127 89 309 25 19 

Pulmonary embolism 143 7 20 10 6 24 67 1 8 
Obstructive lung diseases 910 8 14 9 17 146 688 4 24 
Pneumoconioses 1195 22 9 7 108 455 574 2 18 
Ulcers, peptic 105 6 5 5 2 6 79 0 2 
Cirrhosis, liver 81 21 5 3 2 10 32 2 6 
Cerebrovascular disease 172 49 14 8 11 11 40 21 18 

* Autopsies paid for and reports received by the Appalachian Laboratory for Occupational Safety and Health, NIOSH, CDC, U.S. DHEW, in their 
National Coal Workers' Autopsy Study (authorized in the Federal 1969 Coal Mine Health and Safety Act). 
t Classified according to the Diagnostic Codes, ICDA, 8th Revision. 
t Diagnoses reported at autopsy, with clinical summaries, were reviewed by J. L. Abraham, M .D ., Formerly Chief, Pathology Section, ALOSH-NIOSH, 
who d~signated "Primary" and "Other" diagnoses related to each death; causes of death reported on each death certificate were coded and desig­
nated "Underlying" or "Other" according to rules of the ICDA, 8th revision. 
Courtesy of Dr. C. E. Ortmeyer. 
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committee of the College of American Pathologists initiated a nationwide autopsy 
data bank in 1977. 200 When operational, this undertaking will provide a source of 
mortality statistics derived directly from autopsies. The data will be userl to provide 
a better index of the true incidence of disease and as a sensitive way to monitor 
the nation's health. 

TRENDS AND DEVELOPMENT 

In the foreseeable future, coal is going to play an increasingly important role in 
supplying this country's energy. As a consequence there will be pressure to develop 
new techniques and more efficient methods for mining coal. These will present new 
health hazards in the industry. A trend already apparent is the increasing US.} of 
diesel equipment in the mines. The combined effects of diesel exhaust and coal mine 
dust on the respiratory system are virtually unknown. A recent NIOSH study has 
shown there are adverse short-term health effects associated with dieselized coal 
mines. 84 Coal miners exposed to diesel exhaust had a greater incidence of cough, 
phlegm, and decreased pulmonary function performance than did a carefully 
matched group of miners who were not exposed to diesel emissions. More serious 
health effects of combined exposure such as emphysema and bronchial carcinoma 
may not manifest for 20 or 30 years. Experimental studies designed to document 
the long-term health effects of coal dust and diesel emissions are in progress in a 
joint venture by NIOSH and the Environment Protection Agency. 

Although there is evidence that dust control technology is reducing. the inci­
dence of CWP, the increased production of coal, new mining methods, and the 
development of coal-conversion technologies will undoubtedly lead to new forms of 
environmental disease. 201 The pathologist will play a leading role in the recognition 
of these entities. 
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Small Opacities 
Rounded profusion 

Type 

Extent 

Irregular profusion 
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APPENDIX. UICC/Cincinnati Classification of Radiographic Appearances 
of Pneumoconioses 

Codes 

0/- 0/0 0/1 
1/0 1/1 1/2 
2/1 2/2 2/3 

3/2 3/3 3/4 

p q r 

Lung zones 

0/- 0/0 0/1 
1/0 1/1 1/2 

2/1 2/2 2/3 

3/2 3/3 3/4 

Definitions 

The category--of profusion is based on assessment of the concentration of opacities in 
the affected zones. The standard films define the mid categories. 

Category 0-small rounded opacities absent or less profuse than in category 1. 
Category 1-small rounded opacities definitely present but relatively few in number. 
Category 2-small rounded opacities numerous. 

The normal lung markings are usually still visible. 
Category 3-small rounded opacities very numerous. 

The normal lung markings are partly or totally obscured. 
The nodules are classified according to the approximate diameter of the predominant 

opacities. 
p--rounded opacities up to about 1.5 mm diameter. 
q-rounded opacities exceeding about 1.5 mm and up to about 3 mm 

diameter. 
r-rounded opacities exceeding about 3 mm and up to about 10 mm 

diameter. 
The zones in which the opacities are seen are recorded. Each lung is divided into thirds 
-upper, middle, lower zones. Thus a maximum of 6 zones can be affected. 

The category of profusion is based on assessment of the concentration of opacities in 
the affected zones. The standard films define the midcategories. 

Category 0-small irregular opacities absent or less profuse than in category 1. 
Category 1-small irregular opacities definitely present but relatively few in number. 

The normal lung markings are usually visible. 
Category 2-small irregular opacities numerous. 

The normal lung markings are usually partly obscured. 
Category 3-small irregular opacities very numerous. 

The normal lung markings are usually totally obscured. 

(Continued) 
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Type 

Extent 

Large Opacities 
Size 

Type 

Other features 
Pleural thickening 

Costophrenic angle 
Other sites 

APPENDIX. UICC/Cincinnati Classification of Radiographic Appearances 
of Pneumoconioses (cont.) 

Codes 

s t u 

Lung zones 

A B C 

wd id 

Right Left 
1 2 3 

Definitions 

As the opacities are irregular, the dimensions used for rounded opacities cannot be 
used, but they can be roughly divided into three types. 

s-fine irregular or linear opacities. r 

t-medium irregular opacities. 
u--coarse (blotchy) irregular opacities. 

The zones in which the opacities are seen are recorded. Each lung is divided into thirds 
-upper, middle, lower zones-as for rounded opacities. 

Category A-an opacity with greatest diameter between 1 cm and 5 cm, or several such 
opacities the sum of whose greatest diameters does not exceed 5 cm. 

Category B-one or more opacities larger or more numerous than those in category A, 
whose combined area does not exceed one-third of the area of the right 
lung. 

Category C-one or more large opacities whose combined area exceeds one third of the 
area of the right lung. 

As well as the letter 'A,' 'B' or 'C,' the abbreviation 'wd' or 'id' should be used to indi­
cate whether the opacities are well defined or ill defined. 

Obliteration of the costophrenic angle is recorded separately from thickening over other 
sites. A lower limit standard film is provided. 

Grade 0-not present or less than grade 1. 
Grade 1-up to 5 mm thick and not exceeding one-half of the projection of one lateral 

chest wall. A lower limit standard film is provided. 
Grade 2-more than 5 mm thick and up to one-half of the projection of one lateral 

chest wall or up to 5 mm thick and exceeding one-half of the projection of 
one lateral chest wall. 

Grade 3-more than 5 mm thick and extending more than one-half of the projection of 
one lateral chest wall. 
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Diaphragm, ill-defined Right Left 

Cardiac outline, ill-defined 1 2 3 
(shagginess) 

Pleural calcification 
Diaphragm 1 2 3 
Walls 
Other sites 

Other symbols 
Obligatory 

ca -suspect cancer of lung or pleura. 
co - abnormality of cardiac size or shape. 
cp -suspect cor pulmonale. 

The lower limit is one-third of the affected hemidiaphragm. 
A lower limit standard film is provided. 
Grade 0--up to one-third of the length of the left cardiac border or equivalent. 
Grade 1-above one-third and up to two-third~ of the length of the left cardiac border 

or equivalent. 
Grade 2-above two-thirds and up to the whole length of the left cardiac border or 

equivalent. 
Grade 3-more than the whole length of the left cardiac border or equivalent. 

Grade 0-no pleural calcification seen. 
Grade 1-one or more areas of pleural calcification, the sum of whose greatest diam­

eters does not exceed 2 cm. 
Grade 2-one or more areas of pleural calcification, the sum of whose greatest diameters 

exceeds 2 cm but does not exceed 10 cm. 
Grade 3-one or more areas of pleural calcification, the sum of whose greatest diam­

eters exceeds 10 cm. 

Optional 
ax --coalescence of small rounded pneumoconiotic opacities. 
bu -bullae. 

es -eggshell calcificaton of hilar or mediastinal lymph 
nodes. 

en --calcification in small parenchymal opacities. 
cv -cavity. 
di -marked distortion of the intra-thoracic organs. 
em -marked emphysema. tba -opacities suggestive of active clinically significant 

tuberculosis. 
od -other significant disease. This includes disease not 

related to dust exposure, e.g., surgical or traumatic 
damage to chest walls, bronchiectasis, etc. 

hi -marked enlargement of hilar shadows. 
ho -honeycomb lung. 
k -Kerley (septa!) lines. 
px -pneumothorax. 
rl -pneumoconiosis modified by rheumatoid process. 
tb -inactive tuberculosis. 

Reproduced with permission from "UICC/Cincinnati classification of the radiographic appearance of the pneumoconioses." Chest 58:60, 1970. 
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