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COAL WORKERS' PNEUMOCONIOSIS AND) EXPOSURE TO
OTHER CARBONACEOUS DUSTS

James A. Merchant
Geoffrey Tavior
Thomas K. Hodous

INTRODUCTION

Historical accounts of “Miners’ Black Lung”
date to 1831. Since that time, numerous clinical
and epidemiological studies have documented the
existence of Coal Workers' Pneumoconiosis
(CWP) and associated lung impairment among
miners. Extensive British prospective studies have
established dosc-response relationships between
CWP and respirable coal mine dust. The Federal
Coal Mine Health and Safety Act of 1969 {P.L.
91-173} cstablished a coal mine dust standard
{based upon the British data); mandated provi-
sions for other safety and health standards; pro-
vided health surveillance, transfer rights, and rate
retention for miners; provided federal compensa-
tion for “Black Lung™; and guaranteed NIQSH
right of entry for further research in coal mining.
In many ways, this Act served as a model for
subsequent legislation and health standards from
other exposures {sec Tablc I1-13).

Because of the importance of coal as an
energy source, and because of our vast ¢oal re-
sources, coal dust and coal products (synftuels)
will continue 10 be prodoced for decades to come
{see Figure II-22 and Tables 1I-14 and II-i3).
Graphite and carbon black represent other im-
portant carbonaceous exposuies found in doscns
of commercial processes in several industries;
these exposures will also continue and expand
in the vears to come. Therefore it is cssential 1o
understand the biological effects of these ex-
posures and how these effects may be mitigated
or prevented.

DEFINITION

In discussing coal workers’ prieumoconiosis
Or pneumoconiosis arising from carbon dust ex-
posure, it is essential ta define pnecumocaniosis
and the popular term “Black Lung?” Coal work-

ers’ pneumoconiosis (CWP) and carbon pneu-
maoconiosis are speeific diseases resulting from
the inhalation and deposilion in the lung of car-
bonaceous dust and the lung’s reaction to the
dust so deposited. In CWP, the diseasc is mani-
fest characteristically by the coal macule and later
by coal micronodules and nodules resulting in
simple coal workers’ pneumoconiosis. In some
cases large (1-3 cm) lesions, or cven massive con-
solidated lesions, develop resulting in progressive
massive fibrosis (PMF).

“Black Lung’ is a legislatively defined term
which encompasses Lthe classical medical defini-
tion of coal workers’ pneumoconiosis, but is
defined by the Act as ““a chronic dust disease
of the hing arising out of employment in an
underground coal mine.”” (Title ITV—Black Lung
Benefits—Part A—Federal Mine Safety and
Health Act of 1977, P.L. 91-173 as amended by
P.L.. 95-164). This definition is used 10 cover
disability primarily from chronic airways
obstruction which is associated with coal mine
dust exposure. Tuberculosis per se appearing in
a coal miner has not qualificd {or benefits, nor
has the development of other bacterial or viral
illnesses, or lung cancer. In practice, however,
miners with these and other chronic lung con-
ditions who meet any of the qualifving criteria
in the Act—if in the judgment of the examining
physician and administrative law judge they have
developed their condition in association with coal
mine employment—may be compensated for
total disability. Medical costs for these condi-
tions have been paid by the Depariment of
Labor. Thus the definition of “*Black Lung”’ is
broad and imprecise: it will not be discussed fur-
ther in this chapter.
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Table II-13

COAL MINING HEALTH AND SAFETY
LEGISLATION IN THE UNITED STATES*

1865:

1910:

1941:

1946:

1947:

1952:

1966:

1969;

Bill is introduced to create “‘Federal Min-
ing Bureau.”’ It is not passed.

Bureau of Mines is established, but
specifically denied right of inspection.

Bureau of Mines is granted authority to
inspect, but it is not given authority to
gstablish or enforce safety codes (Title [
Federal Coal Mine Safety Act).

Federal Minc Safety Code for Bituminous
Coal and Lignite Mines is issued by the
Director, Bureau of Mines (agreement
between Secretary of the Interior and the
United Minc Workers of America) and in-
cluded in the 1946 (Krug-Lewis) UMWA
Wage Agreement.

Congress requests coal ming operators
and state agencies to report compliance
with the Federal Mine Safety Code.
Thirty-three percent compliance is
reported.

Title II of the Federal Coal Mine Safety
Act is passed. All mines employing 15 or
more persons underground must comply
with the Act. Enforcement is limited to
issuing orders of withdrawal fot imminent
danger or for failure to abate violations
within a reasonable time.

Amendments 10 1952 law. Mines employ-
ing under 15 employees are included
under 1952 Act; stronger regulatory
powers are given to Bureau of Mines,
such as the provision permitting the ¢los-
ing of a mine or section of a mine because
of an unwarrantable failure to correct a
dangerous condition.

Federal Coal Mine Health and Safety Act
is passed. In this Act the hazards of

1972:

1977:

1977:

1977:

1981:

pneumoconiosis are, for the first time,
given prominence, in addition to those of
accidents.

Black Lung Benefits Act of 1972 is passed.
Several sections of Title IV are amended,
liberalizing awarding of compensation
benefits. :

Federal Mine Safety and Health Act of
1977 is passed. This Act amends Coal
Mine Health and Safety Act of 1969 large-
ly by adding hcalth and safety standard
setting, inspection, and research provi-
sions for metal and nonmetal miners while
leaving the 1969 Act largely intact. This
Act also consolidated health and safety
compliance acrivities for general industry
{OSHA) and mining (MSHA) in the De-
partment of Labor.

Black Lung Benefits Revenue Act of 1977
was passed. This provided for an excise
tax on the sale of coal by the producer to
establish trust funds to pay black lung
benefits,

Black Lung Benefits Reform Act of 1977
was passed. This Act was passed to im-
prove and further define provisions for
awarding black lung benefits. Additional-
Iy, it established (a mandate) that a de-
tailed study of occupational lung disease

would be undertaken by the Depariment
of Labor and NIOSH.

Black Lung Benefits Revenue Act of 1981
was passed. This Act was passed to in-
crease revenue for the Black Lung Disa-
bility Trust Fund, based on a new tax on
coal with respect to sales after December
31, 1981.

*Source: (91}
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Table II-14
U.S. COAL RESERVES

Coal Type Short Tons
Bituminous 747,357 x 10°
Sub-Bituminous 435,766 x 10°
Lignite 478,134 x 10¢
Anthracite 19,662 x 10¢

Total 1,730,919,000,000
Scurce: (164)

Table 11-15

U.S. COAL PRODUCTION FOR 1979
BY COAL RANK AND TYPE OF MINING

ANTHRACITE
Source Short Tons
Strip Mine 2,962,000
Deep Mine 595,000
Culm Bank
(Anthracite waste) 1,480,000
Total 5,037,000

BITUMINQUS, SUB-BITUMINOUS
AND LIGNITE

Source Short Tons
Strip Mine 462,324,000
Deep Mine 306,344,000
Total 768,668,000
*DOE Darta
Source: (81)

Table II-16

POPULATION AT RISK TO EXPOSURE
TO U.S. COALS
BY PRINCIPAL WORK AREA

.. Bituminous

Work Area Anthracite & Lignite
Underground Miners* 483 141,065
Surface Miners 1,625 69,214
Preparation Plant 1,116 22,235
Shop 30 2,728
Totals 3,304 235,243

*Includes Mine Consatruction

Saurce: Personal Communication HSCAC, MSHA,
Denver Federal Center, February 19, 1981.

OCCUPATIONS AND
INDUSTRIES INVOLVED

Within coal mining, exposure is commonly
divided into underground and surface operations.
Coal mine construction is included legisiatively,
and properly 50, as an underground mining cx-
posure (see Table [[-16). Although most under-
ground jobs result in heavier exposures to coal
mine dust, certain surface jobs, particularly
drillers, may have significant exposure 1o respi-
rable coal dust and free silica.

Carbon black has been defined by the
American Society for Testing and Materials as
“a material consisting of elemental carbon in the
form of near-spherical colloidal particles and
coalesced particle aggregates of colloidal size, ob-
tained from partial combustion or thermal
decomposition of hydrocarbons!” Carbon black
is classified as furnace, thermal, or channel black
depending on the manufacturing process (see
Table 1I-17) (3}.

As of 1976 there were eight companies
operaring 32 carbon black plants in the United
States. Of the 2,924 million pounds sold domes-
tically, 2,720 million were used in pigmenting
and reinforcing rubber, 80 million in inks, 19
million in paints, and 3 million in the manufac-
turg of paper. The remaining 102 million pounds
were used in plastics, ceramics, foods, chemicals,
and other products. The worker may be exposed
during any of a number of processes including
production, pelletizing, screening, packaging,
loading, and unloading {130).

Graphite is widely used in a number of in-
dustrial applications and is the third major form
of carbonaceous dust exposure {see Table 11-18).
Graphite may be natural graphite, also called
plumbago, ar artificial or synthetic graphite. The
difference is important from a respiratory disease
standpoint in thar natural graphite, which is
mined from siliceous sediments (Sri Lanka,
Madagascar, Italy, Brazil) may contain signifi-
cant percentages of free silica (11% in Italian
graphite) (138). Synthetic graphite contains on-
ly traces of free silica except for pyrolitic graphite
which may contain significant amounts of quartz
and cristobalite (137).

ESTIMATE OF POPULATION AT
RISK AND DISEASE PREVALENCE

Because of the extensive regulatory and
health surveillance svstems mandated by the
Federal Coal Mine Health and Safety Act of
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Figure 1I-22. Map of coal deposits.

1969, reasonably good estimates may be made
in regard to underground coal miners. Table [I-
16 provides the most recent available figurces on
coal mining employment by 1ype of coal mine
and by type of coal. Estimares on the prevalence
of CWP per se arc provided from results of the
third round of the NIQSH National Coal Work-
crs’ Health Surveitlance Program {Table 11-24).
Similar estimates of CWP prevalenee are not
available for surface miners, as the Act did not
mandate medical examinations for these miners
and they are not yet covered by the health stand-
ard provision of the Act.

NIOSH estimates that approximately 2.4
million workers are potentially exposed to natu-
ral and synthetic graphites. Although pncumoco-
niosis, both simple CWP and PMEF, is well docu-
menfed in natural graphite workers and cited
among svnthetic graphite waorkers, the lack of
epidemiological studies prevents making preva-
lence estimates.

NIOSH has cstimaled that 35,000 workers
are exposed to carbon black directly or indirectly
(130). There are only limited epidemiological
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studics available, making any estimate of carbon
prnewmoconiosis in these industries impossible.

EPIDEMIOLOGY

The epidemiological literature on ¢oal min-
ing is vast and represents, for the most part, the
best epidemiology has to offer in defining oc-
cupational disease causality. Early obscrvalions
were largely anecdotal but useful statistics were
collected by about 1900, Since then, cohort mor-
tality, cross-sectional, prospective and popula-
tion based intervention studics have greatly
cxpanded our understanding of the health effects
of coal mine dust exposure. However, gaps re-
main in our understanding of certain aspects of
coal dust induced diseases and in the guantita-
tion #nd interaction of risk factors.

Historical Perspective

The three part scrics entitled ‘‘History of
Lung Diseases of Coal Miners in Great Britain’’
published in 1951-52 by Andrew Mcikeljohn pro-
vides an exccllent review of the evolution of
observations on coal workers’ pneumacaoniosis
between 1800 and 1950 (109-111). Historical



Table 11-17

PHYSICAL AND CHEMICAL PROPERTIES
OF VARIOUS TYPES OF CARBON BLACK

Furnace Black

Property Channel Black  Thermal Black
Qil Gas
Composition
Carban (%) 98 99.2 88.4-95.2 —
(Avg, 91.2)
Oxvgen () 0.8 0.4 3.6-11.2 —
(Avg. 7.8)
Hydrogen (%) 0.3 0.3 1.4-0.8 —
(Avg. 0.6)
Asgh-Ca, Mg, Na (") 0.1-1.0 0.1-1.0 0.01 —
Volatile matter (%) 1-2 1-2 5-18 1
Average particle
diameter {m) 0.018-0.06 0.04-0.08 0.01-0.03
0.14-0.47
Specific surface (Sq. mg/g) 25-200 25-50 100-1,000 7-13
pH 8-9 8-9 3-5 8-9
Benzene extractables (%) 0.05-0.1 0.05-0.15 —
0.03-1.75

Source: {130}
Table I1-18

OCCUPATIONAL EXPOSURES

TO NATURAL GRAPHITE as 1291, significant nccupational exposure to coal

mine dust did not occur until after the invention
of the steam engine which was first applied to
underground mining in Scotland in 1762. By
1839, it was estimated that BRritain was produc-

Refraciory ceramics and ¢rucibles
Foundry facings
Steel and cast iron manufacture

Pencils ing 36,000,000 tons of coal, and by 1866 over
Lubricants . . 100,000,000 tons were being mined by a work
Neutron moderators in atomic reactors force of over 320,000 (109).

Eleclrodcs’ The first report of the Commissioners on
Electrotyping

Children's Employment in Mines (H.M.8.0.,
1842} provides an early account of working con-
ditions in coal mines. Employment was not con-
fined to men but also included women and
children, Ventilation was reportedly so poor and
the air so thick with carbonic acid gas, gun-

Graphite mining and milling

Source: (137)

Copyrignt by Butterworth Publishers, Inc., Woburn, MA 01801,
Reorinted with permission by 1he Departnent of Heallh and
Human Services. Further reproduction prohibied without
permission af capyright haldar.

accounts often provide the most lucid descrip-
tions of diseases and reveal insights into the
pathogenesis and prevention of diseases that are
often held 1o be recent advances. Such is the
history of coal workers’ pneumoconiosis.
Although coal was mined from outcrop-
pings by the workers of Newbattle Abbey as early

powder fumes, and smoke from oil lamps and
tallow candlcs, that it was often inadequate to
sustain hard labor or the lamps (109},

French pathological anatomists Bayle and
Laennec described “‘melanocosis’” but did not
associate These dark blue or black lungs with oc-
cupation (109). Pearson wrote the first English

333



Table 1I-19

DCCUPATIONS WITH POTENTIAL
EXPOSURE TO CARBON BLACK

Battery workers

Carhon black workers
Carbon electrode workers
Carburization workers
Cement workers
Ceramics workers

Food processors

Ink workers

Paint manufacture workers
Paper workers

Plastic workers

Printers

Ruhber workers

Source: {130}

paper on “‘melanosis’’ and linked it with the liv-
ing environment (109). In one case, he further
attributed this condition to tobacco smoking.

In 1831, Gregory published a “‘Case of
Peculiar Black Infiltration of the Lungs Resem-
bling Melanosis”® bascd on his pathological
observations on a 59-year-old collier {(a coal
miner) who died of progressive heart failurc—
the first case reported to arisc from coal mine
employment. He observed that this black in-
filtration differed from melanosis; was similar
to a ““form of phthisis’” prevalent among “stone
cutters, millers, and needle-grinders,’” and that
it was possibly due to the inhalation of coal dust
(109).

Among the clearest early descriptions of the
pulmonary pathology found among colliers are
those of Dr. William Craig of Glasgow. He
clearly appreciated the importance of studying
lungs fixed in inflation allowing assessment of
dust deposition and emphyscma (32):

It is only in the case of colliers, molders,
or others who make large quantities of black
matter, that the lungs are reduced perfectly
solid. The best manner of ascertaining the ex-
act situation of the black matter in such cases
is by inflating the lung slightly, drying it
thoroughly, and then cutting it into slices in
various directions. Where the lung is prepared
in this manner, the air cells can be distinctly seen
with the naked eve, and by means of a small
magnifier the exact situation of the black mai-
ter may bc casily ascertained.
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The “Black Infiltration’” was first described
as ‘‘anthracosis’”” by Dr. Thomas Stratton in
1837, preceding by ncarly thirty vears Zenker’s
generic *‘pneumaoconiosis’’ (159). Considerable
clinical interest in this condition is evident from
several accounts dating to this period. W. Thom-
son provides the lollowing account of the clinical
picturc with advanced disease (161):

He has a considerable degree of the stoop
or rounded curvature of the back which is so
frequently seen in old asthmatics, and his ster-
num and ribs are projected forwards in the man-
ner in which they are usually seen to be in such
individuals,

Pathological studies by Thomson and others
described two types of “black infiliration"’
which closely approximate our current under-
standing of simple coal workers’ pneumoconiosis
and progressive massive fibrosis. Pneurnoconiosis
arising from working with stonc as opposed to
coal was recognized to be of different etiology
and significance (109).

By 1851, the etiology and importance of res-
piratory disease among collicrs was well enough
established that physicians werg calling for pre-
ventive measures in the mines. William Calder
concluded his Edinburgh Clinical Club presen-
tation with the following admonition {14):

The disease, once established, does not ad-
mil of care or art. The only means of preven-
ting the discase seems to consist of ventilating
the mines where colliers wark, or adapting a
means of carrying off the fumes to which the
moulders of iron and copper are exposed. Such
prophylactic measures are equally called for,
whatever theory of the nature of the disorder
shall ultimately prove to be correct,

J. B. Thomson {1858) further observed (106):

I cannot help thinking that medical inspec-

tors should, long ere this, have been appointed
to cooperate with mining engineers, in order to
apply the most enlightened rules of hygiene for
the safety and health of this numerous and im-
portant class of work people. Had this been the
case, [ am satisfied that the true cause or causes
of their diseases would, ere now, have been
much palliatcd or prevented.

In 1860 and 1861, Dr. Greenhow was as-
signed from the Privy Council o inquire into the
cxeessive mortality among colliers from respira-
tory diseases (50). Greenhow, who made other
important observations on bronchitis and respi-
ratory disease among cotton textile workers, com-



mented on the *asthmatical symptoms™ leading
many to be “disabled at from 40 to 50 vears of
age!” This is perhaps the earliest observation of
the importance of airways disease among coal
miners.

By 1871, there was clear evidence that steps
were being taken to adequately ventilate the coal
pits. Mr. I.eonard Brough, H. M. Inspector of
Mines for South Wales and Monmouth com-
mented (12):

Abundant ventilatory power, plenty of
room for air in motion throughout the pit, at-
tention to the state of the atmosphere, good of -
ficers and strict discipline; these are the arcana
of safery underground, if indeed there are any
secrets in the malter, which T very much doubt,
for it is only a guestion of money after all.

Apart from ventilation, the importance of trans-
ferring affected miners out of dusty areas appears
10 have been appreciated as carly as 1875, There-
fore, the basic elements of a prevention program
for respiratory disease among coal miners had
been established more than a century ago.

In 1880, the first Workmen's Compensation
Act was passed in Britain to provide compensa-
tion for accidents during employment. 1t was not,
however, until 1904 that the first occupational
disease, lead poisoning in potiery workers, wus
compensated (110), With better ventilation and
shorter working hours, serious respiratory discase
among coal miners appeared to decline markedly.
This was supported by available Registrar-General
duta between 1871-1880, Based on this data and
clinical observation, it was concluded that coal
miner mortality only slightly exceeded that of a
number of “healthy classes of men?” Attention
turned to silica exposure among cutlery grinders,
earthenware workers, stone masons, and sand-
stone guarrymen with special atrention to the
importance of silica exposurc and the risk from
tuberculosis. Coal dust exposure, it was sug-
gesled, perhaps even retarded the development
of tuberculosis {63). Still, it was appreciated that
coal miners suffered more respiratory diseascs
than most ather industries. Arlidge, in his text
“The Discascs of Occupations,” commented on
the multiple causes for dyspnea amony miners—
deposition and “infarction” of the lung with
“forcign matter;” “bronchial trouble. . .with its
attendant plugging with mucous and thickening
of the lining membranes of the tubes;” “ . .lhe
greater or less extent of tissue in an emphysem-

atous state’’ and “cardiac disease secondary to
the respiratory disease” (4).

By 1906 a Deparimental Committee on
Compensation for Industrial Diseases was estab-
lished to determine which diseases should be
scheduled as occupational in nature, and despite
conflicting testimony, found (110):

We are clearly of the opinion that coal
miners are not liable 1o fibroid phthisis, and
although cases of anthracoesis, using the term
to mean cases in which the lung is charged with
coal dust, are commonly met with, we cannot
find that in any one that condition has proved
to be a contributory cause of death.

This finding was reinforced by E. L. Collis in
his 1915 Milrov Lectures on industrial pneumo-
coniosis (26):

[ have attempred to justify the ¢laim that
dust inhalation plays an important part in deter-
mining the occurrence of respiratory diseases.
Some dusts such as coal, it is true, not only ap-
pear to have no power of producing preumo-
coniosis, butl even may possess some inhibitory
intluence on phthisis; but most dusts have an
injurious influence, and of all dusts that of silica
is most injurious.

However, thirteen vears later Collis and Gilchrist
published an important paper, “Effects of Dust
upon Coal Trimmers,” in which the mortality ex-
perience of Welsh coal trimmers was compared
to all males in England and Wales (27). The low
rate of “phthisis” was again noted, but only
among younger miners—what today we would
suspect to be a “healthy worker effect? Unusually
high mortality was, however, obscrved for bron-
chitis and pneumoniza. Further, chest radiographs,
then only recently applied to the study of respira-
tory diseases, demonstrated radiographic changes
previously widely regurded as only characteristic
of silicosis. Because none of these men had pre-
vious accupational exposure to silica, this paper
provided the basis for establishment of coal dust
as a separate cause of pneumoconiosis. Also in
1928, coal miners were first included in the
Various Industries (Silicosis) Scheme (established
in 1919), but only coal miners thought to have
also had silica rock dust exposure (11).
Among the many pursuits of the famous
physiclogist T. S, Haldane, was an interest in
mining and respiratory diseases of miners. Ilal-
dane, in addition to his post as professor of phys-
iology at Oxford, was honorary dircetor of the
Mining Research Laboratory in Birmingham. He
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was largely responsible for the introduction of
rock dusting as a mecans to prevent explosions.
He also held strong views on the nature of re-
spiratory disease among, coal miners and strongly
opposed the inclusion of coal miners’ compensa-
tion for silicosis. He recognized that the radio-
graphic appearance of “coal miners’ pncumoco-
niosis” was indistinguishable from that of sili-
cosis, bul opposed making a diagnosis without
benefit of occupational histery. He was also con-
vinced, prophetically it would appear today, that
bronchitis among coal miners was a major source
ol their respiratory disease. In regard to bron-
chitis and dust exposure he stated that “it seemed
practically certain thal cxcessive inhalation of
coal-dust or shale-dust must cause bronchitis and
ought therefore to be avoided (111)”

The Various Industrics (Silicasis) Scheme
of 1928 was amended and extended in 1931 and
again in 1934, to include all underground col-
liery workers. “*Silicosis’’ ¢claims among miners
in South Wales increased markedly, vet many
cases thought to be atypical were refused (111).
As aresult there was a pubhic demand tor scicn-
tific investigation which was begun in 1936 when
the Medical Research Council was asked by the
Home Office and the Mines Department to in-
vestigate chronic respiratory disease among coal
miners, especially those in South Wales. Medical
Rescarch Council (MRC) Reports were issued in
1942, 1943, and 1945 (108). The findings re-
ported by Hart and Asleli confirmed the impor-
tance of free silica cxposure in the causation of
classical silicosis, but found that the vast ma-
jority of pneumoconiosis cases arose from coal
mine dust ¢xposure—especially among those at
the face, but also among others working undcr-
ground, among those *‘screening’’ coal on the
surface, and among coal trimmers, As a result
of these studies, and the growing social and
economic problems faced by coal miners, the
Coal Mining Industry Pneumocaniosis {Com-
pensation) Scheme was passed and became effec-
tive July 1, 1943 (111). In order to deal with
questions raised ahout the treatment and rehabil-
itation of coal miners, the Minister of Fuel and
Power appointed a committee which published
a report one vear later (114). Two important
recommendations were to establish: 1) a rehabil-
itation and treatment (clinical) research center,
and 2} facilities for pathological research into
dust deposition and disease. The MRC Pneumo-
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coniosis Rescarch Unit was established under the
direction of Dr. Charles M. Fletcher, in 1945,

Moaortality Studies

The earliest reliable mortality data on coal
miners date to the 1906 Rritish Registrar General
occupational maortality statistics for the years
1890-2 and 1900-2. These figures suggested thal
overall coal miner mortality was declining, a view
consistent with the predominant clinical view that
respiratory disease among miners was decreasing,
However, in 1928, Collis and Gilchrist reported
that coal trimmers, who were not exposed to the
free silica cncountered in mining, clearly had
pneumoconiosis {(27).

Cancer Martality: Early mortality studies of
miners concentrated on cancer mortality. This
was the result of a tollow-up to a study of cancer
of the bladder and prostate in various occupa-
tional groups, by Kennaway and Kennaway. Their
initial study focused on coal miner mortality
from cancer of the larynx and lungs in England
and Wales from 1921-32 (8. Low ratios of
observed o expected deaths were observed for
all airway categories. A later study by the same
authors (79) suggested that miners with high rates
of pneumoccniosis had low rates of lung cancer
and vice versa. Ln order to test this reciprocal
hypothesis, James (76) studied 1,827 coal miners
with pneumoconiosis and 1,531 noncoal workers
n South Wales. Miners with slight pnecumoco-
niosis were found to have a lung cuncer ratio
similar to non-coal workers; however, with pro-
gressively more severe simple CWP and especially
within PMF, cancer rates fell. This suggested to
James that early death from pneumoconiosis was
likely a factor in the reduction of cancer deaths
among coal miners. Interest in the possible asso-
ciations between coal mining and lung cancer was
continued by the 1958 study of Doll, who also
found reduced lung cancer mortality among coal
miners in four South Wales Districts (35). Based
upon Registrar General data, Goldman calcu-
lated SMR’s for miners and ex-miners; again
underground miners were found to have low lung
cancer SMR’s compared to SMR’s for surface
miners and for other cancers. Goldman, however,
found that coal mining towns generally also had
lower lung cancer rates (46). Liddell, then with
the National Coal Board, also reported reduced
SMR’s for lung cancer, particularly for under-
ground workers—it was, however, noted that



there were not reciprocal increases in neoplasms
from other sites (94). Recently JTacobsen and
Miller et al. have reported on large mortality
studies of Brirish miners and have found no
evidence of an association between luny cancer
and coal mine dust cxposure, nor was there any
evidence that miners with CWP were at increased
risk (39) (115).

[t wast’t until 1963 that similar mortality
studies began in the United States. Contrary to
earlier British observations, Enterline reported
an excess of lung cancer for his coal miner cohort
(SMR = 192) (38). [n a later paper, in which data
from the Society of Actuaries over the periods
1915-26 and 1927-35 were analyzed, Enterlinc
reported an overall greater than twofold excess
mortality for coal miners, but a slight decrease
in cancer mortality (SMR — 80) (39). A later U.S.
Public Health Service mortality study of 3,726
miners who had participated in the 1962-63 Pub-
lic Health Scrvice coal miner prevalence study,
revealed a total of only 30 lung cancer deaths and
an SMR of 67 (29). The authors concluded that
Appalachian miners appeared to have lung can-
cer mortality ralcs similar to those in Great
Britain.

The most extensive mortalily study of ULS,
coal miners was recently completed by Rocketie
(150). He studied a cohort of 22,998 miners who
represented a 10% sample of members of the
United Mince Workers of America Health and
Retirement Fund. The cohort was defined as of
January 1, 1959, and consisted of all those eligi-
ble for benefits in the sample. Major findings are
presented in Table 11-21. Although the overall
SMR (101.6) did not deviate significantly from
100, it is samewhat greater than that expected
in a healthy working population. As a group,
chronic respiratory diseases (influenza, emphy-
sema, asthma, and tuberculosis) were signifi-
cantly increased. Although bronchitis wias not
increased, it was noted that ali deaths attributed
to chronie bronchitis also mentioncd emphysema
on the death certiticate. Other non-malignant
respiratory diseases were significantly increased
and account for the excess SMR under “all other
causcs” in Table 11-21. Accidents also resulted in
a significant ¢xcess of deaths—most accounted
for by mine accidents, Hl-defined caiises were
also significantly increased, a finding attributed
by the author as possibly being due to the rural
nature of the cohort. Major cardiovascular dis-

ease accounted for the largest proportion of
deaths but resukted in fewer deaths than expected.
Hypertensive heart discase and hypertension were
the only categories with SMR’s over 100; the lat-
ter was found to be significant when compared
1o 1965 11.S. white male mortality figures. The
author urged caution in accepting this because
of the racial composition of the cohort.

Malignant neoplasms accounted for the sec-
ond greatest proportion of deaths, but the SMR
for all malignant neoplasms did not deviate
significantly [rom 100. Analysis by neoplasm site,
relarive to the 1965 total male population, re-
vealed a modest increase in stomach cancer with
a reciprocal decrease in colon cancer. Respiratory
cancer, particularly lung cancer, was also slightly
increased, while cancer of the genital organs was
decreased. The modest, but significant increase
in Jung cancer was noted by the authors (o be
well within the variation in SMR expecied by
regional or smoking differcnces (smoking histo-
ries were not available) between the cohort and
control groups.

Alternatively, the excess in stomach cancer
is consisicnt with that of other investigators, most
of whom have found moderate yet significant ex-
cesses (33)(73)(103)X158). Beeause stomach cancer
may be related to diet, ethnic origin, and socio-
economic class as well as environmental factors,
Matalo controlled for these factors in studying
two Utah counties where coal is both mined and
burned in the home and another Utah county
where the population is similar but where coal
was nof mined or burned (103). Pronounced in-
creases in stomach cancer maortality, especially
among men, was observed in the coal county-—a
{inding the authors concluded could in part be
related to “coal carrving carcinogenic hydro-
carbons’” A subscquent study of gastric cancer
mortality in 23 coal producing counties with con-
trol counties matched by socioeconomic indi-
cators, also reported excess risk ratios for stom-
ach cancer (33). These investigators, based on
ather cancer risk ratios which corresponded to
patlerns previously associated with socioeconomic
class, concluded that the increase in gasiric can-
cer was a likely reflection of socioeconomic class,
even though the exposed and control groups were
well matched for education and income. However,
recent British evidence has suggested a dust rela-
tionship with gastrointestinal cancer and pneu-
moconiosis {(75) (115).
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Preumoconiosis Mertality: Mortality stud-
ies have been more consistent and definitive in
resolving other questions about coal miner mor-
tality. Although most mortality studies have re-
vealed increased SMR’s for respiratory diseases
and 1t was clear that much of this excess was due
to pneumoconiosis, it was not clear as to whether
simple pneumoconiosis per se resulted in in-
creased mortality nor what other risk factors may
have influenced mortality rates. Beginning with
the studies of Carpenter et al. in 1956 (16),
miners’ mortality was studied in relation to the
ILO radiographic classification of pneumoconi-
osis* (69). Carpenter found minimal increases in
SMR when comparing Catcgory O or Category
1, 2, 3, simple CWP, and Category A of PMF
with non-miners. However, this was not truc of
more advanced PMF, which appeared to be asso-
ciated with increascd mortality. Cochrane, in
1964, and again in 1973 (20 year follow-up of
miners of the Rhondda Fach, South Wales) con-
firmed that Category O miners had an SMR
similar to thosc with Category 1, 2, 3, and A
radiographs while those with Category B, C, and
D had a marked increase in mortality (22). The
mortality of Category O miners was, however,
somewhat less favorable than for controls. Similar
observations were made by Ortmeyer who studied
both anthracite and bituminous miners (135).
SMR’s for simple CWP and Category A PMF
were not increased among bituminous miners but
were somewhat increased in anthracite miners.
Other categorics of PMF were clearly increased
in SMR. However, a recent report from the Insti-
tute of Occupational Medicine in Edinburgh
based on a National Coal Board cohort has now
reported decreased survival for miners with Cat-
egory 1 simple CWP (see Table [1-20) (115). This
is @ new and—because of the size and length of
follow-up of this cohort—important observation.

Other Observations: Ortmeyer also studied
the effect of smoking and lung function on
subsequent mortality in a 10 vear follow-up of
a cohort of 3,726 Appalachian coal miners (136).
Both smoking and ex-smoking miners were
found to have increased SMR’s relative to non-
smokers and U.S. male controls. Mincrs with
decreased lung function (FEV./FVC € 70%)
clearly had greater mortality, while those with

*Since this is the most recent 1LO Classification, this is
the only one which will be referenced for this chapter.
Readers are referred to the International Labour Qffice,
Geneva, Switzerland, for earlier Classification schemes.
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lung function abovc this level appeared to have
no increase in overall mortality. This finding has
recently been confirmed by Milier et al. (115).

Costello, who studied the same cohort for
cardiovascular disease, reported a deficit for car-
diovascular disease among working miners and
only a slight excess among nonworking miners
(28). Obese miners who smoked were found to
be a group with a particularly unfavorable mor-
tality, Costcllo’s results tend to agree with
previous British studies and the findings of
Rockette and Higgins but are inconsistent with
the findings of Enterline.

Morbidity Studies

The modern era of investigations into coal
workers’ pneurnoconiasis began with the obser-
vation of Collis and Gilchrist on the effects of
dust on coal trimmers (27). This was a combined
proportional mortality and clinical study of the
Coal Trimmers® Union at Cardiff, South Wales.
Review of death certificares revealed marked ex-
cesses of bronchitis and pneumeonia, but unlike
those with silicosis, no excess mortality from
tuberculosis. Reviews of several case histories
revealed a radiographic partern like that of
silicosis. From these observations arose the coal
workers’ pneumoconiosis disease entity as sep-
arate from silicosis.

Meanwhile public concern about respiratory
diseasc among anthracite miners in Pennsylvania
lead the Governor (in 1932) to request that the
U.S. Public Health Service conduct a study into
the “nature and prevalence of chronic incapaci-
tating miners’ asthma™ (36)(165). A thorough
study of 2,711 working miners and 135 disabled
miners was completed in 1934 (see Table 11-22).
Over 23% of the working miners had radio-
graphic evidence of “anthracosilicosis” A clear
relationship between vears underground and dust
concentration was established and a dust stan-
dard of 50 million particles per cubic foot
(mppcf) was recommended. Pulmonary infec-
tions were also observed to be related to length
of service, as was the prevalence of tuberculosis
(15% in early anthracosilicosis and 43% in more
advanced states). Diagnostic criteria were estab-
lished and severe cardiac disease (cor pulmonale)
documented among the disabled miners. A series
of recommendations were made and included
dust control at the source, increased mine venti-
lation, environmental monitoring, TR testing and
control, and periodic medical examinations with



paLpipot se ((5]) axnag,

v el ¢'16 SIYI0A punoidiapun pIEOY [BOD) (9%) $961
0 zOL 1°0L SI2YIOM 20BLIDS RAEM [BUONEN 3Y] OL] UBWp[on)
Inue) Iadue)) pue pue[dug jo  Sd[BA\ puR puedug {IONRULICJUL pue (56) 8661
1410 FunTPS uofeindod jeIdusD JO sIpulll RO 5561 $21BJ[J112D YiesQ [® 3 URLISEAH
['¢E€ = ANWS SAEM S[EAL TINOY
Ia0ued Junj s_UIUON ‘1°[8 = YIS pue puepsuyg jo ‘o eppucyy Apnis HOUoD (9%) 5961
120ued Junj siaiw-xy pUe SISUIN uone[ndod [eisuary 3U1 JO SIUIPISIY  QCEI-1S6I dn-moj[o] ie24-9 UBwIp[en
¢ 60¢ a ' ‘g L1od3ae)
Z6ll Vv ‘¢ ‘T ‘1 A10BaiE) safemy S3[EA YINOS
R971 0 A10323e)) pue pue[sud jo ‘“Yoeq eppuoiy Apmis 110Yod (Z7) ¥961
HINS SYANIA-XT ANV SYANIW  uonemdod fessusn) Sy JO SIUAPISAY  9S61-1561  Un-mO{[0] JEOA-9 [ 19 JUBIYIO)D
8¢ = WS $AsNed SIeM YInogy qmneg (¢ 8c61
13yi0 10} posnipe gy = YIS Jaoued 3un Ul s oM [V Ul SIdUIW [BGY)  OSHI-8P6]  SQIBIJNIAD YIe3(] 1eda
1 +01 SISUTWUON
9 RET a ‘D ‘q Aodane)
01l Vg g ‘L Aodne) SaTM [RM YInes
01t 0 £103318D pue pue[duy Jo ‘Yoeq eppuoyy ApTus (91) 9561
VNS SHANIIN-XH (INV SYINIW  uonendod [esauar)y Yl Jo IR €£681-0561 [BUONIYS-SSOI) ‘[ 13 JaJuadie))
SIQUIWIIOU JO pue
ysu aanuadwod s1sad Sa[EM, JINOS Ul sIsoIuodownaud
A0S JING UMM NS 1eourd Sun] mo] A19p sIoUIUl  SJRUILUOU [¢5°] pue YIEs SI2U1US
-130ue) Funy Joj YIAS pue sisowodownaud [[r 10J ated 23Ul Uo sisotundoumnaud Jo sasdorsau a1 (9£) s561
10 A112A35 Ayl uzamIaq digsuonedl J513AU] paseq qS11 3ANBTYY AL SIoui £Z8°1  Z861-Lr6l JO UONEBUIWEX SowIef
AR M (6L) L¥61
go = YWS 190UBd ¥ulle] pue pue[dug ul  Sajep pue pur[dug SNSUID pur ABMBUUIY
65 = WINS J1ooued Sun  uong[uded [RIsUdD UL SIBUIW [BO)  SEGT-CES]  SIBIJILIID YIea(]  pue ABMPRUURY
sa[e M (08} 9¢61
£¢ = HINS 190UBd XuAleT] pue pue[Sug ur  S3JEM pue pue|duy SNSU3D pue ABmBUUIY
65 = HIAS fooued dun uwonemndod |eisuar)y UT SIOUIW RO TEEI-1T61  SSIBAININD IRy PUE LBMEBUUSY
WO dnoiny [onue)) dnoiry ipms Juny poudI Apmg

«+SLAOHOD YANIW TVOD A0 STIANLS ALITYIIONW SNOIATAd A0 AYVININIS
0T-I1 2198 L

339



909 2Py
0oz SBAST(T 2A1ISRI(
0g 120uen)
ITL 1 IseasI(] Alojendsay Surur satIenlny
Ll sosne) v ASU prepue)s punoidizpun ui Jo f1seg (6E) Ti61
NS e Jo asneny Iapun ssapiony L3104 s1play ANod  £961-6b61 AY) WOl eI Uy
98¢ S1usaplaoy
89¢ gL
vrl {H>
z61 1oue)) Funy
[ 4 Jpoue) Yorwolg
I6v IseasIq Aorendsay {961 SHd
561 SIsneDy Iy SN ur AduaLadx $21BIS polrun] SNSUdD pue (85) r961
HINS B3 Jo asne)) JunjIom 1irm SSe Ui SIauM [BOY) 0561 SBIIIID Yiva(] QUI3UY
asne) Areurird
SB BZUaN[JUI puk RIuownaud YIIm 047/
asNed Arewiid se I5umd [Jim oy G|
ASNBI AlewlEid SB ISRASIP JIesy (M % l6F (76) 7961
13531) Buowy 2961-6561 IITH pue uagary
YoLt :yjeap
JO 3snes A10)NqQIIU0D SE SISOINOdOWNII g BiuRA|ASUUd{ Ul {1L1) 0961
0,€0 sisouosownsud jo UdQaly
‘HIB3P JO 2snEd Arewtid s SISDIUOJOWNAUJ UOHUSW 1M STBHT  6S61-L661  S91BDIINIAY YI1Ba(] pue prefurs
94 601 g1 Arojendsay
SLT St snipuoly
S arl 3R yoewolg Sa[em  59[em pue pue[3ug
SOAT M SIUIA pue pueiuyg Jo Ul SOATM 2] SNSU2Y pue (3¢1) 7961
Binlihg [BOD-YINS uonendod jeisuan PUE SIDUIW [BOD  £CAH[-6P6]  SOIBDLIIIND 1R Syomg
Juwwo) dnoury jomo) dnoin Lpmg sy PO Apmg

{panuniuod) SLIOHOD FANIN TVOD 40 SHIANLS ALINMTVINOW SNOIATEd 40 AAVINWNS

0T-11 YsL,

340



S¥[-0T1 Z6T-Er1 D'd A103318D dMD 10} Apnis
cO1-78 611-801 V€71 A10831BD  19-656] BIURAILSUUSA paIBsusduIod siauiul 0L61 130402 dn-muf[o] (scl) €61
snoupnng 3By HWS ul sajew DITUM BOD BIURA[ASUUDJ  -£9/5961 124 Al VIR 10 RWNO
Ansiday iowny,
aaneIadooD
1N2MID3UUT]) SABIS URNINOTA
"s1ouiil Fuowre IseIoUl plony3e 1O 21018 ‘YR SAUNOD AW pue AY203 U0 paseq
0) PJOJR2IY] ‘SIIPISIT FUOUTR IAIUED JO 18IS 'UBi} ‘00 uoqle) JO s1aulw 23UdPPUL 1A2URY (£01) TL61
211158 U] 2SERIOU p|OJImo] 01 Projsaly L eI JO SIWAPISAY  {BOD PUE SJUSPISIY 69615961 DLIISEN) [BNUUY ‘& 12 oI
(dro1yaA “[2X3)
| Xts 9tT LGt U3y
0s¢ 184 [61  BISOIUOXOWNSUG
(43! as $¢ ElUOWNAU
6T1 ¥9 9 stpouosy
(43 8CI [01  100URD YSEUIONS
z8 £¢ 6y 190ue]) FUNT 1961
LEl 01 LL [TeI23AQ) ul £1isnput dututi
NSy (ANS)  (HS) jo snsuAd apduxes
SIOYION, SISNIOA) SI9NIOAN e pue pieog [ROD
pejng punoid  2ded £961-6561 SA[EM PUB [BUONEN Y} WO}
-13pun pue[dug ul s3[RUW  SI[BM pue pue|3ug uoneLwUIojul pue (r6) TLOHT
RO pPaana) pue pardnda(y ur SJsul B0 0961 $21RIYIIIDD 1] 1RPpPpi1
07697 SIURPIDY
0017 1ouey sansedig
6011 Iaoue)) Jun
6'St¥ syd4g
6'tll g1
00§81 aseasiq A101eadsoy LEGE U BaIR AJ[D2Y
6 LST SaSNEN MY uonendod ul saull |eod Apmis 110402 dn (68) Ti61
ANS ylea(] Jo asne) s[Ew §MBIS panun Ul FUlYIOM 1AW €g¢ 9961-LE6] -m0([0] I83& ¢4 87 aurLoudg
FUIWO)) dnoisy [oauo) dnoary Apnig auny poyra Apnig

{panunuo)) SLEOHOD MANIW TvOD 40 SHIGNLS ALITVLIOW SNOIATId A0 AYVININNS

0Z-11 219%L

341



"(uowssnasip

328} "2ansadxa 1SNp UM [BO) PUR JAOUR
Fun UdIMISQ UOIIRINOSSE UR JO Q0UIPIAS ON
"AN[RIIOW PISBIIDUL Y1IM PAIBIIOSSE FUIYOWS
pue swoydwis A101ei1dsay “siaunu mFunod
Fuowe 1daoxs I[RLIOW ul ISBIDUT [IA

"suosLIeduos
dnoasd-qns [euiau]

‘SAlE M\ PUB ‘pURIOOS

60€‘L1 = 110700 [BlO]

(98L°€1)
SurewAI Isoy]
Jo s[dues 0405 (q

(£T5'e)

ydergorper £q

dMD Yim 250y
Jo adwes o001 (e
:UMOUY SBm SNYRYS

PABIIOSSE JOU A\ D 21dWIg “parjal asop pue[dug—s3ew [BIA UOYA 10] Apuis
2q 0} Ieadde AN[B)IOW SNIYIUCL] PUR SSEASIP I[® 10} A)eliow HOYyoo plrog [ee) ANeiIour 1104oa (S1) 9i61
Azo1endsal ‘suBRIO JANSASIP JO IadUB)) [BsousD) Jensiday  [euoneN jo sjdureg  zi61-8561 aanaadsorg U3asqoIel
S01 €1 ISBISIJ LIBIH JIWAYIS[
¥01 EL ISEISIJ 1MBaH {1V (Apnas
(AIAS) (dINS) dMO SHdJ 0561
SAUIY S Hipact for asnnD 2961 SIS pauun 3y3) spdulw [BOD 1L61 ApIs I0Y0d (82) <igl
xd suryioy ur uonendod are ueroereddy 97L°c  -£9/7961  dn-mo[[o] Jeok-g| Te 19 Of250)
"(40L>DAA/ AT (Apms
uondsunjy Sunj pue *snyels FuIUMI-X2 ‘(1aOLUs dMD SHd 0561
-X3 10 JUILIND) FUINOWS [)Im ULTIRIIOSSE RO61 S31BIS panuny A1) SIOUIW [ROI 1.61 £pnis 11o4god Ot rL61
Ul pasealdu] “pQ] = sesned [[e I0) YWS vl uonendod sey uetysejeddy 9z.°¢ -£9/7961  dn-mofjog 1Bak-0] ‘e 12 RAMINIG
(Apnis
dmOD SHJ Q<61
"A101s1y Funjours pey syieap 8961 s2lgl§ paiuf} ) sIauiw [eod 1461 ApmIs 100D (67} vi61
Ianued Bun| $7 JO 77 L9 = YINS Iadued duny ur nonemdod apepy werqoereddy 97/'c -£9/796] dn-mofoj 1eas-gf ‘T8 12 0][9180))
SISUIY WL
[2A3] [BUONBINP) PRICUINSD UONR]
"1SB3IQ PUR *XTAI32 ‘UOJOD ‘BTISY NI AqQ paydew pue -ndog -sansiels
10} son®el 5L Pasealdsp ng ‘sones §2Ie1S SUIBS 2] uI ‘TN yljeaH JOJ 191Uy
YSH 130UTD YOBLWOIS pUR FUN| 10) SUSp  $IUNOD Ul [eod Ul $211Unoed Juruim JRUOTIRN W] (€€) ¥L61
-1531 A1UNod [ROD FUOwWe O[B1 YSLI Ul 25BIIOU] -Uou ul SJUSPISIY  [ROD ¢7 U SIUAPISAY  6961-0S61 poutelqo syIBs(]  [B 12 urieard
jucliihilg) dnoagy osuon tdnoin {pmsg ELE i [RLHE] A Apmg

(PeNUBIUCD} STYOHOOD WANIW TVQOD A0 SHIANLS ALI'TVILIOW SNOIATYd 40 AYVININNS
0711 219 L

342



*ISBISIP
JIB2Y AWOHYDST puk faswastp Alojendsol Injlo
‘sisoruodowmaud ‘(dn-11e3s Je 9 01 ¢5) BwasAyd
-3 pue sNYaucIq foaued funy o] Jqemqrie
Aeriow paseaul pey 'Aqd JO S|2A3] MO] Ylim
950y L "(eyep dnoi3qns) sauuuon 1o Agelow
Idaued unj oY) sawul) ;¢ peY sisuiu Jupjows
*120uBd FUN] JO YSLI PasEaIdUl JO 2OU2PIAS ON
-s1soruosownaud Fuisearoul pue ainsodxd 1snp
FuISEIIOUL 0] PATE|AT SEM 12JUBD WIAJSAS aANsaE
-1 "dn-1eis £pnis 210Jaq ansodxs 1snp Aaeay
YA 25013 SUOIUR 312438 210U sBM BUAsAydwa
pue ‘snygauolq ‘sisomosewmaud wery ANeRIION
‘A0 apdus Jo 1083120 Fuiseardur yim ANjel
-10T FUISERIIU[ O] pUaIl OU SEMm 1Y [, “sydeld
-OIpeI () A1082710) 1M 1AW O} pamedwod paonpai
alam (p7 19a0 saBe [Te) dD o[dwis | A108318))
10 s27el [RAIAING N IOt Uatr uel]) L))
-low 13y3ry A[QeIapIsuoy B pamoys dn-mo[[og
Jo 1138 o) Jv JINd V A10829D) Ul SI2UTW

(1Z-III 21qel, 998} "I20UBd YIRWOIS
pue ‘aseasip K10je11dsa1 JO $311033)ed
[BI3ASS {STUAPIIOY WOLJ AN[EIIOW SSIOXH

ar0QE SY

uonendod

o[ew "g' |BI0L

uonedJUIPI o)
SIBIA Q7 01 7T 2A0Qe
HOYOD uasqooer 2yl
Jo dn-mofjoy oyung

1461 ‘1€ 10quuada
JO §B pouluiiep
stels [eNA "6S6T ‘1
Alenuef uo punj ayl
woIy s)jouaq 10J 2[q
-1819 ££Z°€T FUIpRIA
SpIodal pund 1usil
=211)3Y PUR ATBRJEIM

VM 000°0¢€
Jo odwes o401

0861-8561

[L61-6561

Apmn)s HOYOQD
aandadsorg

L1er1aou 110402
aaoadsoniay

1861

(S11) 3PS
pue ‘uasqooe[
I[N

(051) 2nq20y

uARWo )y

dnoussy enuo’y

dnoan) Apms

I,

POYIRN

Apms

(ponunuod) SLIOHOD JANIN TVOD 40 SAIANLS ALITY.LIOW SNOIATA] 40 AIVININNS
071K ?1qeL

343



Table 11-21

OBSERVED AND EXPECTED DEATHS, AND STANDARDIZED
MORTALITY RATIOS FOR COAL MINERS FOR SELECTED
CAUSES OF DEATH (N = 22,998)

Cause of Death Observed Expected SMR*
All Causes 7,628 7,506.1 101.6
All Malignant Neoplasms 1,223 1,252.2 97.7
Benign and Unspecified Neoplasms 14 14.4 97.5
Major Cardiovascular Diseases 4,285 4,501.2 95.2%
Bronchitis 27 31.5 84.8
Acute Bronchitis and Bronchiolitis 1 2.5 —
Chronic and Unqualified Bronchitis 26 29.0 89.7
Influenza 28 14.8 189.6*
Pneumonia 217 2323 91.4
Emphysema 170 118.3 143.7*
Asthma 32 18.3 174.9%
Tuberculosis 63 43.3 145,5*
Syphilis 16 13.1 122.3
Other Infective and Parasitic Disease 13 17.6 74.1
Diabetes Mellitus 64 110.2 58.1%
Peptic Ulcer 42 58.7 71.6%
Cirrhosis of Liver 64 104.9 61.0%
Cholelithiasis, Cholecystitis, and Cholangitis 22 18.7 132.0
Nephritis and Nephrosis 42 46.2 91.0
Accidents 408 283.0 144.2*
Suicides 81 R1.3 99.6
Homicides 30 26.1 115.!
Il-Defined Causes 162 86.2 187.9*
All Other Causes 623 459.5 136.0*

*Standardized Mortality Ratio (SMR] is significantly different from 100 at the 5% level.

Source: (150)

an annual x-ray. Unfortunately, many of these
recommendations were not adequately imple-
mented and unlike Britain, wherc early studies
led to industry-wide compensation programs and
further  epidemiologic investigation, neither
broad legislation nor immediate further investi-
gation followed, Indeed, studics by Clarke and
Moffett in Southern Appalachia and the U.S,
Public Health Service in Utah in the earlv 194(s,
suggested that pneumoconiosis was relatively
uncommon among bituminous miners (see Table
I1-22) (19)(42).

No other important epidemniological studies
were published until 1963 when Hyatt studied a
random sample of miners and ex-miners in Raleigh
County, West Virginia (65). This study estab-
lished, for bituminous miners of that region, the
imporiance of coal mine dust exposure as a cause
of both pneumoconiosis and lung impairment.

344

Simple CWT was found in 46% and PMF in 7%
of those surveyed and CWP was alsa found to
be strongly related to vears underground. Pul-
monary impairment was observed among those
with Category 3 simple CWP and PMF. Respi-
ratory symptoms were found to be related to lun 2
function which was itself related to years under-
ground and unexplaincd by differences in age,
smoking, or category of pneumoconiosis.
Thus, the severity of CWP and major risk
factors among U.S. anthracite and biluminous
miners were documented by 1963. The prevalence
of the discase throughout the .S, coal ficlds,
quantitation of risk factors, and further evalua-
tion of dose-response relationships awaited doc-
umentation by a flurry of epidemiological studies
in Britain, Germany, and the United States,
Prevalence of CWP: A series of studies by
the Pennsylvania Board of Health (93)(104)(105)
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documented an increasing gradient in CWP
prevalence from western to eastern Pennsylvania
—ftrom 11% in the West to 35% in Central and
Eastern Pennsylvania mines. The LS. Public
Health Service studied 97 Appalachian coal
counties and found nearly 10% of working
miners and 18% (9% with PMF) of nonworking
miners to have CWP (87).

The NIOSH National Study of Coal Work-
ers’ Pneumoconiosis was the first U.S. industry-
wide study of this disease (131). [t was designed
as a prospective study of some 30 mines and over
9,000 miners and included PA and lateral chest
radiographs, spirometry, and a standard MRC
questionnaire, CWDP prevalence in the first round
of this study, which ran from 1969 to 1971,
anteceded outward migration of a substantial
proportion of miners with many years under-
ground and relatively high dust exposures. Still,
the prevalence of CWP reported was a good deal
higher than previously reporied (see Table 11-22),
This may in part be attributable to the use of
new international standards (UICC 1968) tor the
interpretation of radiographs for the pneumo-
conioses and reader variation. In the second
round of this prospective study, the study pop-
ulation was quite different due to the outward
migration af older miners and an influx of voung
miners {7)(113). International radiographic stan-
dards for the interpretation of the pneumoco-
nioscs were again changed (1971 ILO/UC Classi-
fication), as were the radiograph readers. The
change in radiographic standards is thought not
to have contributed to lower prevalence rates
{132). Evidence is presented elsewhere from the
National Coal Miner Health Surveillance Pro-
gram, that the prevalence of CWP by years
underground did not differ between round one
and round two; thus, reduction in dust level dur-
ing this brief interval did nat appear w influence
CWP prevalence (113). Recent surveillance results
are presented in Table E1-24 and suggest a slight
decrease in CWP prevalence—below 5% among
working miners. Whether this is in part due to
dust controls implemented in the early 1970,
or principally attributable to shifts in the min-
ing work force, is not vet clear.

Dose-response studies: Dreessen and col-

leagues in their 1934 study of anthracite miners
not only documented a marked associated be-

tween prevalence of “‘anthracosilicosis’’ and
years underground, but also documented a clear
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dust and pneumoconiosis relationship (165).
Men exposed to between 5 and 99 million dust
particles per cubic foot of air over 25 or more
years underground were found to have an ap-
proximate 7% prevalence of pneumoconiosis.
This prevalence increased in each dust category
to reach nearly a 90% prevalence over 25 years
among men exposed to 300+ million dust par-
ticles per cubic foot of air.

Numerous later cross-sectional studies con-
firmed this observation using years underground
as a surrogate for dose {see Table I1-22). It was,
hawever, not until the first 10 years of observa-
tions were completed by the Pneumoconiosis
Field Research {(PFR)} Unit in Great Britain, that
dose-response based on gravimetric sampling of
respirable dust was established (73). Thar study
was based on findings among 4,122 coalface
workers at 20 collieries of the original 25 selected
in 1953. Results of that study suggested a negligi-
ble risk of developing Category 2/1 CWP over
a working lifetime below 2.0 mg/M? (See Figure
I1-23). These results were provided to the U.S,
Congress and were instrumenial in the man-
dating of the 2 mg/M? standard by the 1969 Act
(see Tabhle II-13). Jacobsen et al., also reported
that smoking did not significantly affect the at-
tack rate of pneumoconiosis or significantly alter
the dose-response relationship (71).

The 20 year follow-up of miners in 10 of
the PFR original collieries was recently reported
{64). The original dose-response relationship was
confirmed unambiguously, but the long-term
risks were slightly greater (one to two percent-
age probability units) than estimated in 1969 (see
Figure 11-23). Large variations were noted be-
tween collieries and were not accounted for by
quartz content, coal rank, or any other risk fac-
tors measured. Further, there was no pattern to
suggest that quartz affected the probahility of
developing simple CWP. Jacobsen (1980) has
recently, however, reported an associarion be-
twegn PMF and quartz conlent based upon a
case-control study arising from prospective data
(72). In 1982, results from the third round of the
NIOSH National Worker Health Surveillance
Program and National Study of CWP, together
with extensive dust data available from MSHA
and NIOSH, should provide a U.S. assessment
of approximately 10 vears of exposure (follow-
ing the 1969 Act).



Table 11-23

RESPIRABLE DUST LEVELS (Mg/M?)
HIGH RISK AND SELECTED OCCUPATIONS

1963 1973 1976 1977
Jacksletter 4.2 1.9 1.9
Longwall 2.6 1.8 2.2
Continuous Miner Operator 6.5 2.1 1.3 1.3
Roofbolter 39 2.1 1.4 1.2
Cutter Operator 5.9 1.8 1.2 1.1
Loader Operator 6.0 2.7 1.2 1.3

Source: (113)

PROBABILITY {%)
OF DEVELOPING CATEGORY
2/1 OR MORE

12

i
OO 1 2 3 4 3 & 7
MEAN DUST CONCENTRATION {mg/m?)

Flg. 1I-23. Lines (a) and (b) are estimates of prob-
abilities of developing Category 2 or 3 of simpls
pneumoconiasis over an approximately 35-year work:
ing life at the coalface, in relation to the mean dust
concentration experienced durlng that period. (a) is
basad on 10 years of data, Interim Standards Study,
Pneumoconiosls Fleld Research. (b) is update of (a),
based on 20 years of dala, Pneumoconiosis Field
Research.

CoPyrIght bé M. Jacobgen, Institute of Cocupativnal Medwing,
Edinburgh, Scotland. Reprinted with parmission by the Depart-
ment af Health and Human Services, Further reproduction
prohitited withoul permission of copynight holder.

Bronchitis: Historically, bronchitis and
associated respiratory infections have been prom-
inent respiratery findings among miners exposed
at high dust levels. This has, however, not been

a uniform finding in retrospective cohort mor-
tality studies and has not been confirmed (nor
looked at closely) in pathological studies. Respi-
ratory infections and bronchitis were prominent
findings in the 1934 U.S. Public Health Service
study of anthracite miners (165). The sympioms
of chronic cough, phlegm, and dyspnea have
been consistently increased among underground
miners and have usually been associated with
years underground and smoking in more recent
cross-sectional studies (4OX63WB7H(13LX132).
Hyatt observed that many miners appeared to
acquire their symptoms within the first year of
employment and retain them for years following
(63). Ashford et al. (1970} made similar obser-
vations on approximately 30,000 miners studied
by the Pneumoconiosis Field Research Unit of
the National Coal Board {6}. Theyv suggested that
respiralory symptoms {persistent cough, persis-
tent phlegm, breathlessness, and whecze) were
associated with radiographic evidence of pneu-
moconiosis, smoking, and age (neither vears
underground nor dust levels were contrelled).
They further suggested that those with bronchitis
(persistent cough and phlegm) differed from
those with breathlessncss and wheeze. Rae et al.
assessed chronic bronchitis and dust exposure
among the 4,122 coal-face workers previously
studied by Jacobsen, thus providing the first
good estimate of dust cxposure for such an
assessment (142). A statistically significant asso-
ciation was found between increasing respirable
dust concentration and increasing bronchitis
among men in the 25-34 and 35-44 vear age
groups. Smoking and the presence of pneumo-
coniosis was associated with increased bronchitis
prevalence in all age groups. The association be-
tween smoking and phlegm production, and the
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Table I1-24

COAL WORKERS' PNEUMOCONIOSIS IN ROUND THREE OF
THE NIOSH NATIONAL COAL WORKERS’ HEAL. TH SURVEILLANCE PROGRAM*

Years CAT CAT CAT CAT CAT Total
Mining H 1 2 3 PMF
-9 39,050 416 14 1 2 39,483
98.90% 1.05% 0.04% 0.00%, 0.00%
10-19 6,167 424 22 i 4 6,618
93.185% 6.40%, 0.332% 0.015%, 0.060%
20-29 2,228 410 52 5 9 2,704
82.39657 15.163% 1.923% 0.185% (,3330,
a0-39 2,094 628 130 9 58 2,919
71.737%, 21.514%, 4.454% 0.308% 1.987%
40+ 369 135 32 4 14 554
66.606% 24.368% 5.776% 0.722% 2.527%,
Total 49 908 2013 250 20 87 52,278
95.467% 3.851% 0.4780% 0.038% (.166%

*10/1/78 through 12/15/80

attack ratc of CWP has also been studied by
Jacobsen and colleagues (71).

Higgins conducted four mining community
studies of respiratory disease in Britain (62) and
the Llnited States (60)(61). Excesses in bronchitis
and breathlessness among miners and ex-miners
were common findings, although the excesses
were small in the U.S, study (Marion Co., W. Va.).
Kibelstis and colleagues, based on questionnairc
data from the first round of the NIOSH National
Study ot Coal Workers’ Pneumoconiosis, re-
ported 4 clear trend in bronchitis prevalence (83).
Hankinson et al., in an analvsis of second round
data from the National Study of Coal Workers’
Pneumoconiosis, demonstrated a bronchitis ef-
fect on lung function, particularly flow rates at
higher lung valumes, in addition to an indepen-
dent smoking effect (51). Rogan et al. reported
similar ¢ffects. Rogan suggested that symptoms,
once contracted, caused further reductions in
lung function, cven afler dust exposure ceased
(152). Finally, in a follow-up study of an earlicr
U.S. Public Health Service study in Mullens and
Richwood, West Virginia, Higgins reported in-
creased respiratory symptoms among miners and
cx-miners as compared 1o nonminers (59). He
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concluded that independent and additive smok-
ing and mining effects were operative.

Exposure to diesel emissions, a potentially
important hazard, is now becing observed with
greater frequency in U.S. underground coal
mines. Although American mines have tradition-
ally been electrically powcred, foreign mines have
utilized diesel haulage equipment for decades.
Possible dicsel related health effects among coal
miners have only recently been studicd. Reger et
al. studied over 800 undcrground U.S. coal miners
whonm he matched to other miners with similar
smoking and dust exposures but who had worked
only in electrically powered mines (147). Diesel
exposed mincrs were found to have more bron-
chitis, which increased with vears underground,
and lower lung function than the reference group.
However, surface miners at diesel mines also
showed similar, but smaller trends, making in-
terpretation difficult. The authors suggested that
caution should be used in introducing diesels
pending prospective epidemiological evaluation
and other studies.

Lung Function: Seriously impaired lung
function was recognized among miners with
advanccd CWP and especially PMF at the time



of the initial Public Health Service studies in
1934 (165). [t was, however, not until the 1950s
that pulmonary function testing in epidemiologi-
cal surveys of working populations began con-
tributing impaortant quantifiable data on lung
funclion. Hyatt and colleagues were the [irst to
apply sophisticated lung function measurements
in an epidemiological study of American coal
mincrs (65). A volume displacement bhody ple-
thysmograph was used and FEV,, FVC, MMEI
and RV/TLC ratio were reported. A marked
association was found between all symptoms
measured (phlegm, cough, wheeze, aggravalion
of symptoms by weather, episodes of cough and
phlegm, and dyspnea) and all four measures of
lung function. Increasing numbers of symptoms
were similarly associated with a progressive de-
cline in all four measures of lung function. Years
worked underground was found to exert a sig-
nificant and independent delcterious effect on
lung function. Smoking was found to also be an
impartani risk factor which appeared to work
in an additive fashion to increasc respiratory
symptoms and dcerease lung function.

These general observations have since been
confirmed by larger, more represcntative ¢ross-
sectional and prospective studics of ¢oal miners
and studies of coal mining communities. Studies
of lung function included in the Public Health
Service study of 97 coal-producing Appalachian
counties confirmed the findings of Hyatt in re-
gard (o Lhe influence of vears underground on
FEV, and FVC and the additive effect of smoking
(87). 1t was concluded that smoking did not exert
the major effect in this study. A review by Hig-
gins (1971) of chronic respiratory disease in four
mining communities—whilc controlling for other
important lung function risk factors—concluded
that cxcesses in respiratory symptoms and de-
creased lung function (FEV,) were commonly
found among mincrs and ex-miners compared
with nonminers living in those communities (60).

Ventilatory capacity and lung volumes were
studied in the first round of the National Study
of Coal Workers” Pneumoconiosis by Morgan
et al. (122). No relationship between ventilatory
capacity and radiographic category of simple
CWP was found; however, PMF was associated
with definite impairment. In addition, significant
geographic variation (lung lunction tending to
be worse among anthracite miners and best
amony western miners) was observed.

In an effort to better characterize the naturc
of lung function changes and the contribution of
bronchitis among working coal miners, Hankin-
son et al. drew four well-matched groups of 428
miners fram 4 total of over 9,000 working mincrs
studied in the second round of the NIOSIHI Na-
tional Study of Coal Workers’ Pneumoconiosis
(531). This provided a bronchitis and smoking
specific analysis in which age and height were
matched and allowed comparison and guantifi-
cation of FEV,, FVC, peak flow, four measures
of [low rates (Vmax 25, 50, 75, 90), RV, and TLC,
While both bronchitis alonc and smoking alone
produced significant adverse changes in most
measures of lung function, smokers with bron-
chitis consistently showed the most impairment
among these four groups. Smokers had greater
decreases in flow rates at higher lung volumes
and greater increases in RV and TLC, suggesting
a prominent small airway or alveolar process,
while measures more indicative of large airway
function (FEV, and Vmax,s 04 so) were relatively
more marked among thosc with bronchitis.

Quantitation of dust and smoking effects
on declines in lung function over time have been
attempted, based on the British Pneumoconiosis
I'ield Research (PFR) data. An initial report by
Rogan and colleagues was based on a sample of
[ace workers who had heen followed for at least
10 years by the PFR (152). Based on these results
it was calculated that the effect of smoking 15
cigarcttes/day over 40 vears appeared comparable
to experiencing a dust cancentration of 14 mg/M?
over that same period. The authors cautioned
thar this estimate may have underestimated the
dust effect becausc ol the highly selected nature
of the sample. Onc criticism of the statistical
anaiysis of that paper was the method used to
standardize for smoking, even though there was
no evidence of a significanl interaction on lung
function between smoking and dust exposure -
(21). Reanalysis of this data by smoking groups
confirmed that pooling smoking and nonsmoking
miners tended to underestimate the smoking
effect with increasing age (75). Cochrane further
suggested that a follow-up study of ex-miners in
various regions would provide a better estimate
of risk factor effects (21). Such a follow-up study
was completed by the Institute of Occupational
Medicine and reported in 1979. This sample was
based on 12 of the original 24 mines studied, and
of 3,870 miners examined, 2,094 were ex-mingrs
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at the time of follow-up (112). Analysis of this
data found that the effect of dust exposure on
FEV, was at least half as much again and perhaps
as much as twice as marked as the original Rogan
estimate. Thus, the concern expressed by Rogan
in regard to the selected nature of the face-worker
sample was well justified.

The relative importance of coal mine dust
exposure and smoking on decline in lung func-
tion among ¢oal miners has been an important
but controversial issue. It was reparted, and is
often quoted, that the effect of smoking is five
times that of coal dust (83). Morgan asserts in
a recent review (117) that “smoking has about
five to ten times greater effect on ventilatory
capacity,” and more recently that “cigarette smok-
ing is between six and len times more important;’
citing the aforementioned review (83) (118). Yct
examination of the original Kibelstis et al. data
does not provide ungualified support for that
conclusion. An assumption was apparently made
that surface miners have negligible coal mine dust
exposure. Such an assumption is faulty on two
counts; one, because many surface miners have
had significant previous underground exposure,
and two, becausc certain surface jobs themselves
resuft in significant dust exposure. Thus, there
is not an adequate unexposed control.

However, if one takes the same data from
the first round of the Nationatl Study of Coal
Workers’ Pneumoconiosis and compares it to the
NIOSH external blue collar control population*
{using the same methods as used in the NSCWP},
and applies the spirometric standards for signi-
ficant impairment used by the Depariment of
Labor (FEV, €60% predicted), one finds an
estimated relative risk for smoking of 2.0 and for
dust exposure, 2.1; i.e., their effects on this indi-
cator of impairment appear to be similar. It is
important to notc that the first round of the
NSCWP was conducted prior to gencral availa-
bility of federal benefits which provided the
means for many impaired miners to leave mining.

Higgins et al. provide praspective data,
which is externally controlled, in their study of
Muilins and Richwood (§9). In this study, sepa-
rate mining and smoking eftects were documen-
ted. The annual decline in FEV, was slightly
greater for smoking (smoking nonmining men
compared to nonsmoking nonmining men) than
the annual dectine in FEV. for all miners com-

*Technical Report 1o Director, NIOSH: Epidemiologic
Study of Normal Blue Collar Workers, September 1981,
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pared to all nonminers.

These observations arc consistent with the
prospective British studies. As previously re-
viewed, reanalysis of the Rogan et al. data (152)
suggested that the smoking cffeet had been under-
estimated (75). However, analysis of a less se-
lected cohort, which included ex-miners, found
that the effect of coal mine dust exposure was
one and one half to two times as great, but that
the reduction in FEV, attributable to smoking
was no more marked than found previously by
Jacobsen (70){112). From review of these studies
it appears that the smoking to dust effect ratio
decline in FEV, is between one and two. 1t must
be stressed that these arc average values based
on population studies. Older miners who have
many years underground may have significantly
more dusl exposure than the average and there-
fore may be expected to be more affected by dust
than smoking. Alternatively, younger miners will
likely experience much less dust exposure; hence
without similar reductions in smoking exposure,
smoking would be expected 1o become a much
more powerful risk factor. It should further he
noted that one should not be surprised that a very
high proportion of impaired coal miners have a
histary of cigarette smoking (112). This follows
from two well established findings: 1) that over
B0% of U.S. coal miners have a smoking history,
and 2) that smoking significantly adds to the ef-
fect of dust exposure on decling in lung function.

In summary, coual mine dust exposure has
been found to have an unambiguous, adverse ef-
fect on lung function, which is separate and ad-
ditive 1o that of the other major (controllable)
risk factor, smoking. Quantitation of the relative
contributions of cigarette smoking and coal mine
dust exposure have been difficult because good
dust data 15 usually not available and because
study populations are invariably selected {(and
thus effects underestimated) to some extent. It
is safe, however, 10 conclude that both coal mine
dust and cigarette smoking are important risk
factors which operate additively to decrease lung
function in a dose-response fashion.

Epidemiology of Graphite and Carbon
Black Exposure: While both graphite pneumo-
coniosis and carban pncumoceniosis are well
documented clinically, there is only limited epi-
demiological data. It is known that graphite
miners may develop pneumoconiosis, both sim-
ple and PMF, after 15 vears exposure. Most of
these reports have come from 5Sri Lanka (Ceylon)



which is a major exporter of natural graphite
{34)144), Ronashinha and Uragoda studied a
large graphite mine employing 344 underground
and surface warkers (144). Pneumoconiosis,
which was described as being composed of both
rounded and irrcgular opacitics in mid and up-
per lung zones, was reported in 22.7% of those
surveyed, Digital clubbing was found in 21.9%
and spceific attention was drawn to the absence
of bronchitis and tuberculosis. Tuberculosis was
reported among three miners in another mine but
was nol considered to be an increased hazard in
graphite mining because of the relatively low
silica content (163).

Amuong the reported respiratory effects af car-
bon black exposure are pneumoconiosis, bronchi-
tis, and emphysema (130). Most of the epidemio-
logical studies have involved limited numbers of
workers. Dust exposures have been relatively
high, or not reported, making interpretation dif-
ficult {130), Retrospective cohort mortality
studies have raised the possibility that carbon
black may itself be a carcinogen or bind other
carcinogens (66-68). Apart from the clear evi-
dence that carbon pneumoconiosis may occur
among those exposed to carbon black, there is
little morbidity data available. Valic reported a
radiographic study of 35 Yugoslavian workers ex-
posed to carben black an average of 12.9 years
{respirahle dust concentrations = 7.2 + 1.8 mg/M")
{169). A risk-factor-matched, non-exposcd control
group was also studied. Initial lung function test-
ing (FEV, and FV() on both groups in 1964
revealed no significant differences. However,
when tested again in 1971, a signilicant decline
in lung function was noted in those exposed com-
parcd to controls. Although the authors raised
questions about the adequacy of the control
group (they lived near the carbon black plant),
the declines in lung function among carbon black
workers were still significantly greater than the
decline expected in normal populations gver time,
Valic also reported that 17.1% of the 33 workers
showed evidence of a fine nodular pncumoco-
niosis in the mid and lower lung zones.

PATHOLOGY AND PATHOGENESIS OF
COAL WORKERS’ PNEUMOCONIOSIS

The primary lesion of coal workers” pneu-
moconiosis (CWPY is the coal macule. This lesion
was first cltearly described by Gough (47) and by
Heppleston {58). Before this time, opinions on
specific lung pathology in coal workers were

confused. Recognition and clear description of
the pathology depended on the development of
methods for examining sections of whole lung
fixed in inflation (49). Using this technique, this
earlier work has been confirmed in all the major
coal producing nations. In whole lung sections,
the coal macules appear as black areas 1-4 mm
in diameter (Figure [1-24). The smaller ones are
usually ¢ircular while the larger ones arc more
irregular and often stellate. The lesions are usual-
ly symmerrically distributed in both lungs with
a greater concentration in the upper lobes. Adja-
cent to the macule the airspaces are enlarged,
constituting focal emphysema. These two features
were considered pathognomic for coal warkers’
pneumoconiosis by the Pneumoconiosis Com-
mittee of the College of American Pathologists
(85). Focal emphysema usually only involves a
region of 1-2 mm around the pigmented macule,
Both the macule and the associated focal emphy-
sema occur in the region of the first order respi-
ratory bronchioles. Microscopically, the pigment
is found within macrophages botii inside the air-
spaces and in the connective tissue around the
respiratory bronchioles (Figure 11-25). In longi-
tudinal sections the pigment-laden cells thinly
sheathe the walls of the bronchiole and may be
relalively inconspicuous. In transversc section,
the lesions are much more obvious. The macro-
phages are often densely packed and completely
fill the airspaces. A fine reticulin fibrosis is pres-
ent in the lesion. Collagen is either absent or
sparse. There 15 loss of elastic fibers in the air-
ways invalved 1n the emphysema. [n coal work-
ers who have lived in retirement for many years,
the alveoli within a macular lesion may no longer
be totally filled with pigment-laden macrophages
suggesting some degree of clearance (Figure
[1-26). The macules are nonetheless recognizable
by the pigment in the interstitial tissue and the
surrpunding tocal emphyserna. A minor vascular
change associated with the coal macule has been
reported (128). This consists of an increase in
arterial medial muscle due to hypertrophy of the
muscle fibers as the artery transverses the lesion.
The authors did not consider these vascular
changes to have much functional significance.
The mechanism whereby the coal macule devel-
ops is considered 1o be an overwhelming of nor-
mal lung particle clearance mechanisms by the
heavy dust burden experienced. The reticulin
fibrosis and possibly the emphysema may be due
to the damaging effects of released macrophage
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Figure 11-24. 57-year-old coal miner who worked 31 years underground
as a trackman, smoked 20 cigareties per day. Whale iung section shows
mild simple coal workers’ pneumoconiosis. The macules, which are

more numerous In ihe upper zone, are outlined by mild focal
emphysema.



Figure |I-25. High power micrograph of alveanlar macrophage within
alveolus from the lungs of an active miner. Tha majority of the phago-
cytosed particles are coal mine dust. Hematoxylin and eosin x 585.
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Figure !1-26. Coal macules in the walls of respiratory bronchioles. The
macules are composed of macrophages, coal mine dust and reticulin.
There is minimal air space entargement (focal emphysema) around the
macule. Hematoxylin and eosin x 100.
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Iysosomal enzymes.

Even in nonoceupationally dust exposed in-
dividuals, pigmented lesions are found in the
lung. This is presumed to be derived fromn atmos-
pheric pollution and is more marked in urban
as compared with rural dwellers. These “normal”
pigment lesions vary in size up to abour 4 mm.
The pigment is contained within macrophages
both on the walls of alveolae und in (he stroma
of the bronchiolar wall. in differentiating these
lesions from the typical macule of coal workers'!
pneumoconiosis, three factors are useful. The
“normal” pigment lesion is not usually associated
with focal emphyscma and the alveolae are not
completely filled with pigment-laden macrophages.
In addition, the pigment particles in the nonoc-
cupationally exposcd individuals are black and
rounded while coal dust particles are angular,
often translucent, and of a lighter vellow o
hrown color.

The coal macule is soft and is not palpable
on examinartion of unfixed lung. This differen-
tiates coal macules from the nodular lesions of
CWP. A number of difterent nodular lesions are
recognized in the lungs of coal workers. These
are micro and macronodular lesions of simple
coal workers' pngumoconiosis, progressive mas-
sive fibrosis, Caplan’s lesion, and because miners
are also exposed 1o crystalline silica from the
strata surrounding the coal seam, the nodules of
simple and conglomerate silicosis, In addition,
the nodular lesions of the infective granulomata
(tuberculosis and histoplasmosis, in particular)
oceur in coal miners, as in any other population,
and require differentiation by classical histologic
and microbiclogic methods.

The nodular lesions of simple CWP are pal-
pable because of their collagen content and some-
times because of calcification. They are divided
for deseriptive purposes into micro-nodular {up
to 7 mm in diameter} and macre-nodular (greater
than 7 mim in diameter) (83). The nodules are
dark gray or black and are usually centriacinar
in location (Figures 1I-27A and 11-27B). lLess fre-
guently nodules are in the subpleural or peri-
bronchial regions. They are often rounded but
may have irregular prolongations into the sur-
rounding tissue, They arc commonly, but not in-
varlably, associated with scar emiphysema which
in somc individuals can be extensive. On micro-
scopy the major difference between the nodular
and macular lesions 1s the larger size and presence

of hyalinized collagen in (he former (Figure
11-28}. The collagen bundles are usually arranged
in an interlacing or haphazard pattern and this
feature is uscelul for distinguishing the nodules
from silicosis where the collagen is concentrically
arranged. The nodular lesions are believed to
develop from macules hut it is clearly impossible
to demonstrate such progression in an individual
coal worker. The reasons why nodules contain
more collagen are not known, but the possibilily
that silicates—or the more toxic silica—are
involved must be considered.

Some accupations within the ming are maore
commonly exposed to silica. These are the roof-
bolters who are exposed to dust derived from the
overburden, the motormen who, in soime mines,
used sand to provide traction for their vehicles,
and drillers in surface coal operations (the latter
may have acute silicosis). Such coal workers may
have the classical lesions of silicosis, These
nodules have smoother borders than the tvpicul
nodular lesions of CWP and, though they may
contain black pigment, are otften paler and may
have a relatively pigmeni-free center {Figure
11-249). They are more difficuit to cut than CWP
lesions. The arrangement ot collagen is orderly
and has 4 laminated or whorled patiern, Coales-
cence of adjacent silicotic nodules may occur
resulting m conglomerate silicosis, Calcification
in the hilar lymph nodes is common in silicosis.
It may be of the egg shell type as described on
radiologic examinations or may be randomly
distributed.

Complicated coal workers™ pneumnconiosis
or progressive massive fibrosis (PMF) is diag-
nosed radiologically when an opacity 1 ¢m or
greater is found. This conforms to the anatomic
definition set out in the regulations of the Na-
tional Coal Workers’® Autopsy Study (166).
However, the Pneumoconiosis Committee of the
Amcrican College of Pathologists recommend-
ed a 2 cm standard as being more appropriate
for pathological studies (83); a 3 em standard
1s used in England (77). PMF occurs on a back-
ground of simple CWP, morc commonly of the
nodular rather than the macular type. The ex-
tent of simple CWP is usually considerable, but
can consist of relatively few nodules and maculcs
in some individuals. The lesions of PMF arc
most commonly situated in either upper lobe or
the apical segments of the lower lobes. The le-
sions are usually asyrmetrical in the two lungs.
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Figure I1-2TA. Coal miner, no detailed hislory available. {A} Whale lung
section shows macules, micro and macronodules, confluent nodules,
and a small PMF lesion. Mild focal, scar and paraseptal emphysema

is present,



Figure 1I-27B. Close-up of micronodules and macules.
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Figurs 11-28. Micronodule, composed of macrophages, dust and cal-
lagen. Hematoxylin and eosin x 250,

360



29. Silicotic nodule in the lungs of a coal worker. The nadula

Figure Il

The majority of the ¢oal dust is at the periphery af the lesion. Hama-.

has a hyalinized center with concenirically arranged collagen fibers.
toxylin and eosin x 150.
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They may cross interlobar fissures and often in-
volve the pleura, when firm adhesions to the
chest wall develop. Despite the name PMF, the
lesions may or may not progress once exposure
to dust has ceased, and certainly with a minimum
size of 1 cm, are not necessarily massive. Truly
massive lesions which replace more than a whole
lobe do, however, occur. The cut surface of a
PMF lesion presents a homogeneous black ap-
pearance. The texture of PMF is rubbery rather
than gritty or hard when cut. The margins of the
lesions may be smooth or have fibrous prolonga-
tions into the surrounding rissue. Emphy-
sematous change is common in the lung around
a PMF lesion, but occasional lungs show re-
markably little emphysema even in the presence
of large PMF lesions. The center of the lesion
of PMF may have cavities containing opaque
black liquid. Histologically, the periphery is
composed of irregular reticulin and collagen in-
terspersed with black pigment (Figure I1-30).
Moving away from the edge, recognizable col-
lagen becomes more scanty and amorphous ma-
terial containing coal dust is seen. This material
has been found to contain principally an insolu-
ble protein of unknown origin, calcium phos-
phate, and coal dust (173). Blood vessels and air-
ways transversing the lesion are destroved.

There have been several hypotheses which
attempt to explain the mechanisms involved in
the generation of progressive massive fibrosis.
These have involved the role of tuberculosis, of
silica, of immunologic factors, and of genetic
predispositions. None of these hypothcsis is en-
tirely satisfactory and the mechanisms involved
are still not fully understood.

Studies of coal miners, particularly in South
Wales, revealed a strong association between
tuberculosis and progressive massive fibrosis.
Often the infection could only be diagnosed by
examination of tissue at autopsy and in life the
prevalence of sputum samples positive for
Mycobacterium tubercilosis was much lower.
Thus Rivers et al. found only 1.1% of positive
sputa in miners with CWP as opposed to an
isolation rate of 29% from autopsy material
taken from 153 miners with coal workers’
pneumoconiosis (149). The isolation rate for
miners with PMF was 35% as opposed to 117
of those with simple CWP.

In experimental studies, Zaidi ¢t al. showed
that administration of coal mine dust and tuber-
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cle bacilli of low virulence resulted in massive
fibrosis of the lungs in gninea pigs while neither
alone produced this effect (176). This observa-
tion and the demonstrated association of tuber-
culous infection and PMF led to the hypothesis
that PMF resulted from meoedification of the
tissue response to coal dust by the infection.
Several studies indicate that the development of
PMF from simple CWP is not due to tuber-
culous infection. In a long-term study it was
shown that decrcasing the incidence of tuber-
culosis in a mining community did not result in
a decrease in the attack rate of PMF (20)(24).
Anti-mycobacterial chemotherapy was shown
not to influence the course of early complicated
CWP and some lesions progressed when not ex-
posed to coal dust and while receiving chemo-
therapy (8). Thus, though associated in the past,
tuberculosis does not have a clear etiologic rela-
tionship with PMF.,

Because silica is a well-recognized fibrogenic
agent, some researchers have suggested that silica
in coal mine dust is responsible for the develop-
ment of PMF. Evidence ta support this hypoth-
esis is imited and the occurrence of PMF in car-
bon clectrode workers (174} and in ¢oal trimmers
who are exposed only to ¢oal dust rather than
coal mine dust (47) would suppart the view that
silica is not necessarily involved. Comparison of
the silica content of the lesions of PMF with that
found in the rest of the lung did not show signifi-
cant differences (129). Pratt criticized this con-
clusion because the silica concentration was
related to tissue dry weight (141). He explained
that when using this method of expressing
results, the dry weight of tissue would increase
because of tissue changes and, therefore, the
cancentration of silica expressed in milligrams
silica per gram tissue would give a falsely low
expression of true silica content, He was able to
recalculate the data of Nagelschmidr et al. and
by expressing the results as silica per whole lung,
assuming that the lung was ¢ither wholly PMF
or wholly non-PMF, showed that the silica con-
tent of PMF tissue was significantly higher than
““the rest.”* The difference was of the arder of
twice. While this reopens the question of the role
of silica in PMF, it certainly does not answer it.

Experimental animal studies have not been
very helpful. Administration of ceal dust with
varying concentrations of silica to rats has shown
little fibrosis with up to 10% of added silica



Figure 11-30. Section from center of PMF lesion showing masses of black
pigment emhedded in bundles of haphazardly arranged collagen fibers.
A cavity conteining free dust and cholesterol crystals is seen at bot-
iom right. Hematoxylin and eosin x 150,
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(153). Martin et al. carried out studics for a
longer period of time and showed thai afier 18
months expasure, 5% quartz plus coal dust was
about three times more active in generating
fibrosis than coal dust alone (102). Intratracheal
injection of c¢oal mine dust obtained from the
lungs of deceased miners containing 0.7% and
1.6% quartz also produced significantly more
fibrosis after 18 months than demineralized dust
{84). These studics show that the silica in coal
mine dust is fibrogenic but its fibrogenic poten-
tial is mitigated (suppressed) by other minerals
within the coal mine dust. The relationship of
these experimental studies to pathogenesis of
PMF is, however, obscure as the lesions induced
more closely rescmble the nodular lesions of sim-
ple CWP rather than those of PMF. Thus they
support the role of silica in the generation of
nodular lesions of CWP but do not help in under-
standing the mechanism involved in the devclop-
ment of PMF.

The association between rheumatoid ar-
thritis and complicated pneumoconiosis was first
noted by Caplan (15). The lesions—Caplan’s
lesions—ceauld wsually be differentiated from
typical PMT on radiologic examination and were
histologically different, However, because of this
observation, the possible role of immunologic
phenomena in the generation of PMF attracted
some research. Miners with PMF were found to
have a higher prevalence of circulating rheuma-
Loid factor than those with simple pneumoconi-
osis. Rheumatoid factor was found in plasma
cells present in the walls of blood vessels in
rclation 1o the PMF lesions (172). This was not
an all or nothing situation: they tound tissuc
rheumatoid factor in 20% of simple pneumo-
coniosis lesions as opposed to 67% of PMFE
lesions with histologic vasculitis. Rheumaroid
factor was found in only 19% of lungs with PMF
without histologic vasculitis, suggesting perhaps
there were two variants of PMF, one being an
atypical Caplan’s syndrome. The association of
circulating rheumatoid factor with complicated
pneumoconiosis was not confirmed in a study
carried out in Pennsylvania and West Virginia
miners although a high prevalence of antinuclear
antibody was obscrved (95). Antibodies reactive
with insoluble lung antigens have been suggested
as possible modifiers of the tissuc response to
coal dust {13). Such antibodies, possibly reac-
tive with either collagen or reticulin, have been
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demonstrated in the sera of a limited number of
mincrs; however, there is no clear evidence on
which to base an etiologic réte in PMF.

The possibility that genciically determined
mechanisms of tissue response to coal dust were
involved in complicated CWP was investigated
by comparing the frequencies of HL.A histo-
compatability antigen in mincrs with simple,
complicated and with no pneumoconiosis (56).
An association between HLA-1 and resistance to
the development of both simple and complicated
CWP was suggested. An association between
resistance o the development of PMF and an-
tigen W18 was also suggested but further work
has not supported this obscrvation (37).

The mechanism wherebv progressive mas-
sive fibrosis develops from simple pneumoconi-
0518 is thus still not knawn. It is possible that
PMF is not a single entity and that multiple
moechanisms are involved,

/s already noted, Caplan's lesions is another
possible diagnosis for a nodular radiological
opacity in a coal miner’s chest x-ray. The lesions
are described as well-defined, rounded nodular
masses (1.3 cm 1o 5 cm in diumeter and usually
sitvatedt more peripherally than other nodular
lesions of CWP. Most commoniy described in
European miners, they appear to be relatively rare
in the United States (10). Histologic description
is provided by the studies of Gough et al. (48).
Caplan’s lesions are round or oval and may con-
tain cavitics. They characteristically show a con-
centric arrangement of lighter and darker lavers.
[he pale areas may contain clefis and calcifica-
tion and are more commeon than in other lesions
ol CWP. Pallisading fibro-blasts, characteristic
of many rheumatcid lesions, may be scen but are
not prominent. There is characteristically a
peripheral zone of active inflammation and
vasculitis of local blood vessels. These histo-
logical features do not involve all pneumocon-
iotic lesions in a single lung and typical non-
Caplan’s lesions may be present side-by-side with
tvpical Caplan’s lesions. This indicates that local
as well as systemic factors play a part in the
veneration of the lesion.

Emphysema, 1.e. the enlargement of air-
spaces djstal wo the terminal bronchiole, is a com-
mon finding in the lungs of deceased coal miners.
In any nonminer population studied, emphy-
sema of all types will also be found. A classi-
fication of emphysema is provided by the re-



Figure 11-31. 74-year-old coal miner who worked 27 years underground
as a loader, smoked 20 cigareties a day for 40 years. Whole lung sec-
lion shows an area of PMF in the upper ioba set against a background
ol macular and nodular lesions of simple CWP. The lung also shows
moderalely severe emphysema and enlarged, dasply pigmenied,
peribrenchial iymph nodas.
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port of CIBA guest symposium (18). Only two
types of emiphysema can be definitely (patholo-
aically) related to the inhalation of coal dust.
These are the foeal conphysema associated with
the coal macule and scar emphysema related to
the nodular lesions (Figure 11-31), Focal cm-
physema usually invalves only 4 small portion
of the proximal part of the acinus and its limited
extent suggests thac it has little funcrional sig-
nificance. More extensive, destruclive, centri-
acinar cmphysemna is seen in @ certain propor-
tion of miners’ lungs (154). These miners arc
usually cigarette smokers and it is ditficult in an
individual case to determine the rclative impor-
tance of coal dust and cigarctie smoke in the
pathogencsis of these lesions. However, a recent
study of coal miners with pneumoconiosis sug-
gests that centrilobular emphyscma may play a
more¢ important role in coal miners’ lung impair-
ment than previously appreciated (100). Although
the numbers were viewed as too small to draw
definite conclusions, smoking and nonsmoking
miners were found to have similar degrees of
centrilobular emphysema; before death, smokers
were found to have lower lung function which
the authors suggested was probably attributable
to airway changes. The extent of the scar em-
physcma associated with nodules and PMF is
highly variable. This suggests either other extra-
neous factors or individual variations in response
are involved in its generation.

Chronic bronchitis, characterized by hyper-
trophy and hyperplasia of the branchial mucous
glands and goblet cell metaplasia of the small
airways, is found in some coal miners’ lungs. in
general populations, these changes are associated
with cigarette smoking. There are currently in-
adequate pathological data to relate the histo-
logic changes of chronic bronchitis and coal dust
inhalation; the entity “*industrial bronchitis’’ is
defined only by epidemiologic studies.

CLINICAL DESCRIPTION

Signs and Symptoms

The signs and symptoms of coal workers’
pneumoconiosis (CWP) are the same as those
which may occur with common nonoccupation-
al lung diseases and are not, thercfore, pathogno-
monic, One must rely on epidemiological studies
to help determine to what extent clinical findings
and pulmonary function test abnormalitics can
be attributed to coal mine dust cxposure, and in
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an individual case (particularly if @ smoker) this
determination can be difficult, A detailed history
and physical, looking for other treatable condi-
tions such as asthma or ¢congestive heart failure,
are mandatory,

If one accepts a strict radiologic or patho-
logic definition of CWP in the absence of other
lung disease, most authorities would agree that
simple CWP per se causes few, if any, signs or
symptoms (124)137). However, there is evidence
that coal mining exposure is a risk factor in
chronic bronchitis and emphysema. Chronic
bronchitis is defined as persistent cough and
phiegm production, and emphysema, if marked,
is associated with significant airways obstruction,
dyspnea, and disahility.

While results of some research questioned
that causal relationship between coal mining and
chronic bronchitis, more recent work has vali-
dated this association (see Epidemiology). Non-
smoking miners may show an increased preva-
lence of cough and phlegm production, but it
is not known whether this industrial bronchitis
can produce airways obstruction of a degree suf-
ficient to cause dyspnea. Indeed, there is some
evidence to suggest that even in smokers, chronic
mucus hypersecretion per se plays little role in
the development of ¢hronic airflow obstruction
(41). In working miners, studics by Hankinson
et al. show small, but statistically significant spi-
rometric differences between bronchitic and non-
bronchitic groups, similar in magnitude to the
smoking effect at larger lung volumes (52)(53).

It is controversial whether simple CWP or
coal mining exposure causes disabling emphy-
scma. The main studies supporting this concept
come from one British group (96-98)(154). From
their pathological studies the authors conclude
that in their study populations, CWP usually
caused progressive impairment of ventilation
and that in these cascs the presence of emphy-
sema was found to be a more important deter-
minant of this impairment than the radiologic
category of simple CWP. The later study found
substantial ventilatory impairment in a group
of legally disabled miners including those with
simple CWP, Several criticisms have been made
of these papers, including a possible selection
bias by studying miners who had been certified
as disabled, inclusion of cases with progressive
masstve tibrosis (PMF), and a lack of correla-
tion between pulmonary function decrement and
X-rav category (45)(123)(134). A recent paper



by Lyons and colleagues has again reparted (hat
centrilobular emphysema is as common among
nonsmoking miners as smoking miners (100).
The authors added that the numbcer of cascs was
small, making definite interpretation of the role
of emphysema in CWP and among coal miners
still uncertain.

There is, however, general agreement that
complicated CWP (PMF) frequently produces
substantial symptomatology and impairment,
often associated with emphysema, Particularly
in Categories B and C of PMFL, cough, sputum
production, and some degree of dyspnea are
common. Mclanoptysis, the olten dramatic pro-
duction of several cunces of black inky sputum
from a ruptured lesion, can be considered the
only specific, although somewhat unusual, clini-
cal sign of CWP. On physical exam one may [ind
evidence of collapse and consolidation as well
as the decreased breath sounds, prolonged expir-
ation, and adventitial sounds found in obstrug-
five airways disease. In severe cases, signs of
pulmonary hypertension, right ventricular hyper-
trophy, and congestive lailure (cor pulmanale)
may be present. PMI may also produce signs of
restrictive pulmonary disease.

For proper medical management as well as
correct disability evaluation, it is important to
know which signs and svmptoms should not be
attributed to CWP or coal mining exposure.
Thus chills, fever, iz ht sweats, anorexia, weight
loss, and usually finger ¢lubbing require other
explanations. Chest pain or hemoptysis, par-
ticularly in simple CWP, should prompt further
Jiagnostic evaiuation, just as it would in a non-
miner.

Natural History

Coal workers” pneumoconiosis takes years
1o develop. In one large British study of face-
workers by Jacobsen et al., only 7% of those
starting with 1971 ILO U/C x-ray classification
of 0/- or 0/0 (i.e., no pneumoconiosis) had any
radiographic progression over a 10-year period
(74). Another large study by Reisner from West
Germany gave similar results (148); both found
the risk of pneumoconiosis to be highly car-
related with the amount of dust exposure. Im-
portantly, Jacobsen’s study found that CWP in
miners with early dust retention (Catecgory 0/1
or 1/0) was more likely to progress than the CWP
classified as Category 0/0. In other words, in

miners who develop the disease sooner, it pro-
gresses more rapidly. Thus the chance of radio-
logic progression over 10 years at a mean dust
congentration of 2 mg/M? is essentially cero [or
a miner with x-rav Categorv 0/0, but is 20% for
one with Category 1/0. Similar differences were
found ar all levels of dust exposure during the
10-yvear study; this suggests either a harmful ef-
fect from early pneumoconiosis predisposing to
more rapid dust accumulation or variability in
individual susceptibility to CWP,

The attack rate of progressive massive fibro-
sis (PMF) has been well-studied n over 100,000
British ¢coal miners by Mclintock et al. (106).
Calculations from their data show a PMF attack
rate of approximately (%, 1%, 11% and 21% over
an cightl-year period for simple pncumoconiosis
Category 0, 1, 2, and 3, respectively. Rephrased,
this means that 1.5% of coal miners with 1971
[LO U/C Category 2 or more simple pneumocon-
iosis would develop progressive massive [ibrosis
per vear. Independent of this increased attack
rate of PMF with increasing simple CWP cate-
gory, the authors also found an increased attack
rate with more rapid progression of simple CWP.
This again raises the gquestion of increased in-
dividual susceptibility to the etfects of coal dust.
It is not known whether the given risks of con-
tracting PMF continue indefinitely, Particularly
in applying these data to the U.S. mining ex-
perience, one should note that substantial region-
al differences were noted in the above studies
which could not be fully explained by the various
tactors mentioned. In part these differences may
be explained by the tvpe of coal mined, dust con-
centration, and free silica level. A recent report
suggests a significant role of free silica content
on the attack rate of PMF (72).

While radiclogic regression of both simple
and complicated CWP can be seen, this apparent
reversibility is uncommon and may well repre-
sent observer variability in reading the radio-
graphs. There is no doubt that the lesions of com-
plicated pneumoconiosis may contract, but this
clearly should not be vicwed as clinical improve-
mert. Little evidence exists to suggest any signifi-
cant resolution of pulmonary impairment caused
by CWP. In contrast, it is generally acknowl-,
cdged that PMF may develop several years after
employment ceases, and that once initiated, the
process may progress whether exposure continues
or not (116), In fact, Cochrane et al. could find
no etfect of continued dust exposure on the pro-
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gression of PMF (23). He analyzed the radio-
graphs of miners and ex-miners with PMF over
an eight-year period and found that comparing
the measured arca of involvement on serial PA
chest x-rays gave a more sensitive indicator of
change than routine clinical readings. Using the
former method, 13% of $79 individuals with all
stages of PMFE showed either no change or im-
provement in their x-rays over the eight years, and
87'% progressed. Looking at the 341 cases start-
ing with less than 20 sg em of involved area (ie.,
Category A), 45% showed progression over the
eight year study period. Impaortantly, Cochrane
also showed that the progression was grearter in
the younger population. Thus, of the group start-
ing with Category A, 69% of those less than age
45 showed prograssion while only 32% of the
older cases progressed.

Alternatively, with regard to the progres-
sion aof simple CWP, the work of Jacobsen et
al. (74}, Reisner (148), and the close correlation
between the radiographic categary and ¢oal con-
tent of the lungs (17) all indicate that stopping
coal dust exposure should prevent further pro-
gression. Hence, the rationale for transferring
miners with simple CWP to low dust areas.

Finally, it is important to note that a miner’s
x-ray category reflects his dust exposure over his
entire working life and that with the new and
lower dust standards, the natural history of CWP
is changing. The data of Jacobsen ¢l al. indicalc
thar the probability of developing category 271
ur higher simple CWP after 33 years exposure
to a mean dust concentration of 2 mg/ M?* is near
zero (74). Thus, in the present gencration of
beginning U.S. miners, advanced simple CWP
and more importantly, potentially disabling
PME, should become a rare occurrence.

Labaratary Investigations
Puimonary Function Tests

The comments made regarding the non-
specificity of the respiratory signs and symptoms
in coal miners apply equally well to pulmonary
function abnormalities. Pulmonary [unclion
tests cannot dingnose CWD, but can detect phvs-
iologic impairment {rom whatever cause, There-
fore, the physiologic evaluation of a miner with
symptoms reterable to the chest would be the
samc as for @ nonminer,

Simple CWP

While conflicting series exist, several ULS,
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studies show that miners have lower ventilatory
capaciry comparcd to controls ar predicted nor-
mal (60}87)(139). This impairment, although
sigmificant, has nor been large. Thus, in a large
nationwide study of working UL.S. bituminous
miiners, the mean FEV,, FVC, and FEV./TFVC
ratio were normal or more than 90%s of predicted
in all categories of simple CWP (121). British and
other studies also show conflicting results, most
showing no effect or a small decline of function
with simple pneumoconiosis (5)(62).

[t is also imparlant 1o note that while an oc-
casional study describes decreasing values in
Category 3 (65)(151), the majority [ind ne cor-
relation hetween the radiopraphic profusion of
simple CWP and ventilatory capacity (23)(121)
(126)(1271(139K146). This lack of correlation
is consistent with the involvement of small air-
ways as was shown in the “Pathology™ section.
These peripheral airways normally contribute on-
Iy 10-15% to the total airway resistance and thus
represent a “quiet™ zone of the lungs (107). That
is, they must sustain substantial damage before
changes will be detected by the relatively insen-
sitive standard spirometric tests such as FEV, and
FVC, In the case of CWP, this concept of small
airways involvement is supported by the analysis
of Rates (9) and several studies. Morgan, for ex-
ample, found small increases in residual volume
even in miners with a normal FEV, and suggested
this represented either focal emphvsema or, more
likely, increasced resisiance to flow in the small
airway (120). The frequency dependence of dy-
namic compliance tound by Scalen in miners
with simple CWP, but withoul signilicant large
airways obstruction, also suggest small airways
disease (156).

While it scems that simple CWP per se
causes mild small airways disease, coal mining
exposure may also cause chronie industrial bron-
chitis as discussed elsewhere. In a large-scale
stucly of working U.S. miners, Hankinson et al.
found chronic bronchitis 1o be associated with
small decreases in flow at high lung volumes dur-
ing a forced expiratory maneuver (52)(53). This,
together with a normal total lung capacity, was
interpreted as indicating large airways obstruc-
tion due to industrial bronchitis without em-
phvsema. It is apparent, therefore, that the
reduction in ventilatory capacity sometimes seen
in miners with simple CWP can in part be ex-
plained by this concept of industrial bronchitis.

Most U.S. and foreign studies of the dif-



fusing capacity in simple CWP have shown nor-
mal or slightly decreased values AO)(31H82K157)
(162). The last three references also noted that
the diffusing capacity and, in Cote’s studies,
several other tests of lung function were lower
in those with the “‘p’’ Lypc of opacity compared
to those with **q"’ opacity. The explanation for
these intercsting differences remains unclear.

Studies of gas exchange in L.S. miners
report varying results. Lapp and Seaton studied
51 symptomatic miners who had FEV/FVC
ratio greater than 70% and found an increased
physiological dead space to tidal volume ratio
(VD/VT) as had been shown in previous studies
(89). The VD/VT returned ta normal or near
normal with exercise in all simple CWP cate-
gories except in the combined Category 3 plus
Category A of PMF. The alvcolar-artenal gra-
dient for oxygen {{A-a)0,) was similarly slightly
abnormal or in the high normal range. Arterial
oxygen saturations were in the low normal range.
Rasmussen et al. found similar values for VD/
VT, ((A-2)0.) and arterial oxygen saturation in
their series of 192 symptomatic miners, including
158 with simple CWP (146). They found marked
hyperventitation and impairment of oxygen trans-
ter with exercise, however, ¢ven in those miners
with normal spirometry. These resulls, together
with their other findings, including frequent
pulmonary hyperlension, were interpreted as in-
dicating significant pulmonary vascular involve-
ment and ventilation/perfusion abnormalitics,
even in the absence of chronic airways obstruc-
tion. Rasmussen, in a larger study, reached sim-
ilar conclusions (145) although both his methods
and interpretation have been challenged (43). One
can conclude that while gas e¢xchange abnor-
malilics are nol uncommon in symplomaric
miners with simple CWP, it is not clear that they
are of great emough magnitude to explain
dyspnea.

The lung mechanics in working U.S. coal
miners have been studied in a scrics of articles
by Lapp and Scaton (88}, Seaton et al. (156), and
Morgan et al. {125). Thesc authors found nor-
mal or slightly reduced valucs for static lung
compliance and pulmonary recoil pressure in
simple CWP. Frequency dependence of dynamic
compliance, often considercd a sensitive in-
dicator of small airways disease, was found in
17 of 25 cases of Category 2 and 3 simple CWP,
while Category 1 showced minimal decrements
and Catcgory 0 showed no significant change in

dynamic compliance with increasing respiratory
frequency.

Rasmussen’s group studied systolic pulmo-
nary artery pressures in 26 symptomatic miners
who had no or mild obstruction and found ele-
valed pressures in 7 at rest, and in 18 during ex-
ercise {146). In contrast, studies using the more
reliable mean pulmonary artery pressure have
found substantial pulmonary hypertension (o be
quite unusual in CWP without airways obstruc-
tion (86X903(133)(162). Interestingly, Lapp’s
group found the *‘p”’ type of opacity to be more
associated with high pulmonary artery pressures.,
This group also performed lung scans in miners
and found perfusion defects in 9 of 21 patients
with simple CWP (155). However, in only two
cases, both with Catcgory 3 profusion and one
probably with silicosis, were the scan defects
thought to be due to pneumoconiosis. Abnor-
malities such as old tuberculosis were found to
explain the scan defects in the remaining seven
patients.

In discussing simple CWP, it should be
noted that anthracite coal seems to cause greater
impairment for a given x-ray category than does
bituminous (121}(127), although the reason for
this is not completely known.

Complicated CWP (PMF)

In contrast to simple CWP, PMF 15 often
associated with abnormalities in most pulmonary
function tests and these are generally correlated
with the extent of lung involvement. However,
this correlation is found primarily in the higher
categories of PMF; indeed, several studics have
shown pulmonary function to be near normal
in Category A (23)(126). With Categories B and
C of PMF, one frequently finds a marked reduc-
tion in ventilatory function, low diffusing capaci-
1y, and gas exchange abnormalities (89). Pul-
monary hvpertension and cor pulmonale may be
present even without severe obstruction. Respira-
tory failure is pol uncommon in severe cases.
Depending on the relative proportions of em-
physcma and fibrosis present, pulmonary com-
pliance may be cither increased or decreased.
There are few large studies in this area; the avail-
able daia is reviewed by Marek (101).

Radiological Studfes

The chest radiograph is the only way of con-
firming the presence of CWP in life other than
lung biopsy, which is rarely, if ever, indicated.
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In general, if the history of exposure and the
chest radiograph arc consistent with the diagnosis
of CWP and any signs and symptoms present
are compatible with this condition, no other
diagnostic procedures are nccessary.

The Lypical radiographic opacities seen in
simple CWP are rounded opacities of the “q”
size and shape, although *p” and less common-
ly “r” opacities are secn (Figures 11-32-11-36). A
mixed pattern of rounded and irregular opacities
are sometimes found. The lesions tend to pre-
dominate in the upper zones of the lungs in the
earhier stages (2X(137). Amandus et al., found that
approximately 6% of working U.S. coal miners
showed small irregular apacities either zlone or
with rounded opacities on their radiographs (1).
The irregular lesions were correlated with cig-
arette smoking, as well as bronchitis, age, and
years worked underground, Lyons et al. have
shown that these lesions (unlike rounded opaci-
ties) also correlate with the extent of emphysema
and the impairment of FEV, {99),

The lesions of PMF may vary greatly in
shape as well as size, and may be single, multiple,
unilateral, or bilateral (Figure 11-37). They usual-
Iy predominate in the upper lung zanes but can
occur anywhere; they may cavitate and (rarely)
calcify. Typically, they are multiple irregular
masses that tend to migrate towards the hila by
contraction of fibrotic tissue. PMF usually de-
velops on the background of Category 2 or 3
simple CWP, although traction by the conglom-
erate masses may overdistend the remaining
tissue, rendering the simple CWP less evident on
x-ray. Thus previous radiographs are often im-
portant in supporting the diagnosis of PMF.

It is important to note that none of the
described radiographic features of CWP is path-
ognomeonic, In addition, certain findings should
cause one to question this diagnosis. These would
include noncalcified hilar or mediastinal adeno-
pathy and plcural effusion. Caplan’s syndrome—
the occurrence of multiple pulmonary nodules
in a miner who usually has rhcumalteid arthritis
with subcutaneous rheumatoid nodules —is men-
tioned as the one variant of CWP which pro-
gresses rapidly. These lesions resemble necro-
biatic rheumatoid nodules pathologically and
may appear over a period of weeks as opposed
to years for PMF.
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Lung Biopsy

While this procedure can usuvally confirm
a diagnosis of CWP (see Pathology section, page
353), it is rarely medically indicated. The main
clinical setting in which a biopsy may be neces-
sary is when a solitary mass lesion is seen on
the chest radiograph. Here one may not be able
to distinguish carcinoma (or other mass lesion)
from PMF, and biopsy may therefore be indi-
cated for proper patient management.
Other Tests

While much interesting rescarch has been
done in the area of other laboratory (particularly
immunological) tests, at present no laboratory
test is diagnostic for CWP, and none can ac-
curately predict which miner will develop the
disease.
Treatment

No effective treatment of CWP is known.
While previous animal studies have suggested
polyvinylpyridine-N-oxide (PYNQ) is effective,
although less so than in silicosis, a recenl con-
trolled leng-term trial by Weller in monkeys with
simulated CWP showed no beneficial effect of
the chemical (175). At present the clinician’s role
n respiratory treatment is limited to managing
the complications of CWP or the incidental car-
diopulmonary diseases which afflict the miner,
to providing guidance as to further occupational
explosure, and fo strongly advise agdinst smoking.

CWP and Tuberculosis

Tuberculosis plays a doubtful role in pro-
ducing PMF, as discussed in ‘‘Pathology.”’
While there is little evidence indicating any in-
creased risk of contracting tuberculosis in CWP,
some articles suggest that CWP affects the
pathogenicity of the infection. These studies
show antituberculosis chemotherapy to be less
effective in the presence of CWP (11)(44)(143).
While silicosis clearly predisposes to tuberculous
diseasc which may then be poorly responsive to
chemotherapy, it is unclear if the small amount
of silica in coal mine dust causes a similar prob-
lem. Although standard antituberculosis chemo-
therapy should be adequate when Mycobac-
terium tuberculosis is identified in the sputum,
some cases will have to be individualized (116).
Thus, the clinical, bacteriologic and radiologic



Figure 11-32. Normal chest radiograph. Profusion category G/0.
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respense of miners with historical (roofbolters
ot drillers) or radiologic (egpgshell calcifications)
evidence of high silica exposure should be care-
fully followed. In this regard, Dubois et al. have
found rafampin-combined chemotherapv to be
effective in new and retreatment cases of TB in
coal miners (37).

DIAGNOSTIC CRITERIA

The usual clinical criteria for diagnosing
coal workers’ pneumaoconiosis arc a documented
history of substantial (usually at least ten years)
exposure to coal dust and a chest radiograph
consistent with the diagnosis (ILO 1980 Classi-
fication Profusion Category 1 or greater). The
combination is not pathognomonic, and consid-
cration must be given to other occupational as
well as nonoccupational chest diseases. Usually
with a history, physical exam, and oid chest

x-1ays, diseases which can present with a pattern
mimicking simple CWP, such as miliary tuber-
culosis, histoplasmosis, or sarcoidosis are easily
differentiated. Some other pneumoconioses, par-
ticularly silicosis, can present with an identical
radiographic pattern. Ln such cases a lung biop-
sy is the only way to obtain a definitive diagnosis,
but is not recommended as a substitute for a
good occupational history.

Differentiating other diseases from com-
plicated CWP is more difficult. The diagnostic
possibilities may include tumor, tuberculosis,
tungal diseases, and some vasculitic conditions.
As in the case of simple CWP, a lung biopsy
should vield a definitive diagnosis in clinically
confusing cases; however, in most cases this pro-
cedure is not required for proper patient manage-
ment.

A more complete list of the differential

371



Figure 11-33. Simple coal workers’ pneumoconiosis. Profusion category

1H. Size and shape rir.

Source: (59
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diagnositic possibilities in CWP is presented in
standard textbooks and in articles by Van Ord-
strand (170) and Pendergrass et al. (140). Since
the occupational history and chest radiograph
are not parthognomonie, there is always room for
some debate regarding the diagnosis in coal
workers’ pneumoconiosis. The Department of
Labor has recently established standards for the
assessment of lung impairment and disability un-
der the Black Lung Benefits Reform Act of 1977
(167). These guidelines, and the arguments for
and against them, arc contained in the pream-
ble preceding these standards. It should be em-
phasized that these criteria were formulated to
facilitate the processing of compensation cases
and are not meant to substitute for a good clin-
ical evaluation of any medical problem in a miner.

PREVENTION

As noted previously, the basic methods to
prevent coal workers pneumoconiosis and as-
sociated airways disease were defined over a
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century ago when the importance both of ade-
quate mine ventilation and removal of affected
mincrs was appreciated. With definition of the
dosc-response relationship between respirable
coal mine dust and pneumoconiosis, new dust
standards were quickly adopted in Great Britain
and the United States. The U.S. dust standard
was initially set at 3 mg/m® to be reduced to 2
mg/m’ by 1973, As shown in Table II-23, the
U.S. coal mining industry has made excellent
progress in meeting the dust standard with over
9% of U.S. mining sections now in compliance.
Smaller mines and long-wall operations, which
are increasing in number, tend to have greater
difficulty meeting the standard. Dust control has
been achicved by attention to mine ventilation
and assisted by the use of water spraying on the
contintous miner (a mining machine).

Use of diesel powered mining equipment
may offer safety advantages, but introduces
possibly hazardous exposures (oxides of nitrogen
and other irritating gases as well as carcinogens
and mutagens) into the mining environment. The



Figurs 11-34. Coal workers’ pneumoconiosls. Profusion category 2/2.
Slze and shape pip.
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extent of these exposures and their possible ef-
fects are not vet adequately defined. Although
significant free silica concentrations in U.S.
mines are usually relatively low, those who drill
through siliceous overburdens may get high ex-
posures to free silica and develop acute silicosis.
Therefore, sampling for free silica in addition
to respirable dust is always necessary.
Medical surveillance is the second impor-
tant means to prevent disabling pneumoconiosis.
The Federal Coal Mine Health and Safety Act
of 1969 mandated pre-employment and periodic
medical examinations be offered to underground
coal miners through a program to be adminis-
tered by NIOSH. The Act also provided that
these examinations be paid for by the mine
operator and that miners with evidence of coal
workers’ pneurmnoconiosis be given the oppor-
tunity to transfer to a low dust area (1 mg/M*
or lower) without loss in pay (transfer rights and
rate retention). The National Coal Workers’

Health Surveillance Program was cstablished in
1970 by NIOSH at its Appalachian Laboratory
for Occupational Safety and Health (ALOSIH).
Under regulations adopted by NIOSH, medical
examinations (occupational questionnaire and
PA chest radiograph) arc conducted by facilitics
(hospitals and clinics) certificd by NIOSH and
located throughout the coal fields {168). Quali-
fied physicians (“A” Recaders) located al the
facilitics interpret the radiograph for clinical
pathology and for pneumoconjosis according (o
the 1980 ILO Classification scheme. Radiographs
are then sent to ALOSH where they are coded
and batched for a second reader (““B’" Readers—
those who have passed a NIOSH proficiency
examination on interpretation of the pneumo-
coniosis). If “A’" and **B”’ readers do not agree
within one subcatcgory of the 1980 ILO Classi-
fication, further ““B” readings are obtained umniil
agreement is achieved. Miners with Category 1
profusion are judged to have evidence of pneu-
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Figure 11-35. Simple coal workers'
2/2. Size and shape q/q.

Saurce: {83)

pneumoconliosis. Protusion category
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moconiosis and are extended an aption to
transfer to a low dust arca through a letter from
the Administrator of MSHA. MSHA continues
to follow miners who have exercised their op-
tion to ensure exposure to low dust levels.

Results of the third round of examinations
of the National Coal Workers® Health Survcil-
lance Programs are shown in Table [1-24. The
prevalence of CWP continues to slowly decline
with most advanced simple CWP and PMF oc-
curring among miners with more than twenty
years underground. This, theretforg, largely
reflects previous higher dust exposures. Based
on the British dose-response experience and cur-
rent trends in dus: control and medical surveil-
lance findings, it appears that advanced CWe
per se should become a relatively uncommon
condition among U.S. coal miners.

Airways obstruction is now a much more
important problem among coal miners than is
pneumoconiosis, Because of the dose-response
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relationship between coal mine dust exposure and
decline in FEV,, NIOSH has proposed that jung
function testing be incorporated into the
surveillance program. This has not vet been
adopted and as a result, reasonably good preva-
lence and incidence estimates will continue io
be available for CWP but not for lung impair-
ment. However, based on available epidemio-
logical information and current respirable coal
mine dust levels, the contribution of dust ex-
posure to decline in lung function should be re-
duced. Without a similar decrease in the con-
sumption of cigarettes, cigarette smoking will
assume an even larger role in causing airways
obstruction among miners. Unfortunately, the
dispute over the role of coal dust and smoking
has palarized the miners and operators and, to
an extent, the public health community, making
it difficuit to convince miners of the importance
of cigarette smoking in the causality of their lung
discase. This remains the area of greatest con-



Figure {1-36. Simple coal workers’ pneumoconiosis. Profusion category

313. Size and shape rir.

Source: (69)
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cern in prevention of respiratory disease of coal
miners.

RESEARCH NEEDS

Despite the cxtensive research reviewed in
the previous sections, a number of important
questions remain partially or fully unresolved:

1. Pathological/epidemiolagical investiga-

tions on inflated lungs together with
other clinical data and good occupational
and smoking histories are needed Lo
document the nature and extent of
chronic bronchitis and the emphysemas
among coal miners with and without sim-
ple CWP and PMF.

2. Prospective epidemiological studies of

coal miners should continue with an em-

phasis on further defining dose-response
relationships and risk factors relating (o
airways obstruction at low levels of coal
minc dust exposure (under 2 mg/M?).
Development of more sensitive and
specific methods to detect dust deposi-
tion in the lung should continue to be a
research priority.

Further refinemeni of epidemiological
methods to reduce variability in testing
miners should continue to be a research
priority.

. Cohort, case-control, and laboratory in-

vestigation is needed to resolve etiologic
questions regarding the role of coal mine
dust exposurc and other potential risk
factors in stomach cancer incidence.
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Figure 11-37. Coal workers’ pneumeconiosis—progressive massive
fibrosis category C.

Source: (B9)
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6. Epidemiological and experimental assess-
ment should be continuved to clearly
define whether diesel emissions pose a
hazard to miners, and if so, the nature
and cxtent of the health effects and meas-
ures which might be taken to mitigatc or
prevent such possible health effects.
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