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Coal Mine Respirable Dust

Characterization of coal mine dust is part of
a wide-ranged project to combat respirable
disease in mine workers
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One of the most serious long-term health problems associated
with underground mining is Coal Workers’ Pneumoconiosis
(CWP), more commonly known as Black Lung Disease. It occurs
in some coal workers, normally after 15 or more years of ex-
posure to coal mine dust, and leads to a variety of respiratory
problems. Two types of pneumoconiosis are recognized—simple
CWP, which has been estimated to affect 6.9 percent of miners
and is a condition that does not impair the miner’s ability to work
nor reduce life expectancy; and a more severe form of black lung
(called progressive massive fibrosis) that occurs in about one
percent of the cases and results in severe lung damage.

Although the relationship between coal dust and CWP has
long been recognized, detailed knowledge of the relationship is
insufficient for setting up authoritative guidelines to reduce the
health risks for those employed in dusty underground environ-
ments. CWP is not only a health problem for workers that causes
considerable distress, it is also a very expensive problem—the
total annual costs associated with CWP approach two billion
dollars. )

As part of its efforts to combat CWP, the U.S. Bureau of Mines
in 1983 established a Generic Mineral Technology Center to carry
out basic research into all aspects of respirable coal dust:

— control of dust generation

~— the behavior of dust in the mine

— characterization of dust particles

— interaction of dust and lung

— the relationships among dust generation and mobility and

the mine environment, geology, and seam characteristics.
Penn State, West Virginia University, the University of Min-
nesota, and the Massachusetts Institute of Technology are in-
volved in this research, which is administered from the Depart-
ment of Mineral Engineering at Penn State.

Our work is one of the seven projects to be conducted at Penn
State. We are concerned particularly with the characterization of
dust and its relationships with the mine environment, and our
main goal is to establish standard procedures for describing and
measuring these variables.

Coal Dust
Coal dust is a very complex material that varies greatly in chemi-

cal and mineralogical properties. Moreover, it is not the only
constituent of respirable dust in the mine. When a coal seam is
mined, it is inevitable that rock particles other than coal are
included in the material. This rock comes from the mine roof, the
floor, and the partings and inclusions within the coal seams.
Since the roof and floor strata, the partings and inclusions are
often stronger than the coal, mining them frequently causes
more dust than mining the coal itself. One of the objectives of our
research is to find the relationships between a specific coal’s
characteristics before it is mined and the respirable dust charac-
teristics after itis mined. We are particularly interested in the size
distribution of particles, the chemical properties, and the min-
eralogical properties.

Many studies have been made of the variables associated with
CWP in West Germany, Great Britain and the United States,
where engineers, scientists and medical personnel have tried to
relate the incidence of CWP to the coal characteristics. They have
measured the quantity of free silica in the coal, its ash content, its
rank (a classification based on the coal’s fixed carbon and calorific
content), the mass of respirable dust in the mine atmosphere,
and the trace elements found in the coal and the lungs of miners.

For many years, researchers have known that metal miners
subjected to respirable dust that is high in freesilica have a higher
incidence of silicosis than those exposed to dust low in free silica.
However, in coal mines the relationship between CWP and free
silica is not clear. Studies made by Leiteritz and his associates®
indicate that greater changes in lung tissue occurred in cases
where the respirable dust was high in silica, but other work by
Jacobsen® and by Naeye® and their co-workers indicates that the
silica content of coal does not have any clear effect on CWP
incidence. In fact, some researchers believe that free silica has
little effect unless it constitutes more than 10 percent of the coal
seam. Little is known about the effect of other mineral
constituents.

A clear relationship between the rank of coaland the incidence
of CWP has been demonstrated by Hart and Aslett’ in Britain, by
Reisner and Robock® in West Germany, and in the United States
by Thakur’ and Morgan®, but others believe that the causal factor
may be some variable correlated with the rank of coal rather than
the rank itself.

In recent years, the relationship between the mass of the
respirable dust in the work environment and the prevalence of
CWP has been studied extensively, again with mixed results.
Jacobsen et al.” and Reisner and Robock® report strong statistical
evidence of the effects of dust mass on CWP incidence; ‘but
Morgan et al.” report a less concrete conclusion. Nonetheless,
the overwhelming nature of the evidence points to the mass of
the respirable dust in the working place as one of the CWP causal
variables.

The possibility that trace elements in the coal contribution to
CWP has so far been investigated in only a few studies. How-
ever, research by Sweet et al.™ in West Virginia and by Sorensen
et al.? in Pennsylvania and Utah indicates that certain trace
elements could possibly influence the development of the
disease.

Thus, the previous research has provided some insights into
the possible causes of CWP but many additional questions have
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