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Ventilatory Capacity and

Lung Volumes of US Coal Miners

William Keith C. Morgan, MD; Lawrence Handelsman, MD;

John Kibelstis, MD; N. LeRoy Lapp, MD;
Robert Reger, MS, Morgantown, WVa

Betwean 1969 and 1971 the lung vol-
umes and ventilatory capacity of 9,076 US
coal miners were determined. In miners
with simple coal workers’ pneumoconio-
sis, no relationship existed between venti-
latory capacity and radiographic category.
However, complicated pneumoconiosis
led to definite ventilatory impairment. In
contrast, residual volume showed a slight
increase with increasing radiographic
category of simple pneumoconiosis.

Significant geographic variations in
ventilatory capacity and lung volumes oc-
curred that appeared to be related, partly
to the type of coal dust to which the min-
ers were exposed, partly to the ethnic ori-
gin of the miners, and partly to other mis-
cellaneous nonoccupational factors.

While the occupation of coal mining
may, in certain instances, lead to very mi-
nor reductions of ventilatory capacity,
such reductions are minimal in the ab-
sence of complicated pneumoconiosis
and would not be associated with respira-
tory disability.

Submitted for publication Oect 22, 1973; ac-
cepted Nov 26.

From the Appalachian Laboratory for Occupa-
tional Respiratory Diseases, National Institute
for Occupational Safety and Health and the De-
partment of Medicine, West Virginia University
Medical Center, Morgantown, WVa.

Reprint requests to the Appalachian Labora-
tory for Occupational Respiratory Diseases, Na-
tional Institute for Occupational Safety and
Health, PO Box 4292, Morgantown, WV 26505
(Dr. Morgan).

he effects of coal dust upon lung
functions are still the subject of
debate. Numerous studies have shown
that simple coal workers’ pneu-
moconiosis (CWP) produces little in
the way of a reduction in ventilatory
capacity, and indeed that airways ob-
struction is found with the same fre-
quency in nonpneumoconiotic miners
ag it is in those who have radio-
graphic evidence of the disease.®
Nevertheless, some studies have
shown that coal miners, as a whole,
have a greater prevalence of cough
and sputum and of ventilatory im-
pairment than does a comparable
population of nonminers.>® In other
studies such differences were not
nearly so apparent.’

It has been suggested that the dis-
parate findings may be attributable
to the various geographic locations of
the studies, and that the environmen-
tal conditions that are responsible for
the greater prevalence of bronchitis
and the lesser ventilatory capacity
vary according to the location of the
coal mine.* During the past several
years the Public Health Service has
been involved in a study of the res-
piratory status of a large sample of
working US coal miners. The data col-
lected in this study allow most of the
above hypotheses to be tested and
provide an overall indication of the
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prevalence and magnitude of ventila-
tory impairment in working US ecoal
miners.

Materials and Methods

In 1969, the Public Health Service and
the Bureau of Mines started a nationwide
study of the respiratory status of working
US coal miners. Thirty-one mines in ten
states were selected for inclusion in the
study. Of these, 29 were bituminous and
two were anthracite mines. Eight were lo-
cated in Pennsylvania (two anthracite and
six bituminous), nine in West Virginia,
three in Kentucky, two each in Virginia,
Alabama, Illinois, and Utah, and one each
in Ohio, Indiana, and Colorado. The mines
were chosen to represent different coal
seams and different mining methods.
Other criteria for selection were a working
force of at least 100 miners, expected con-
tinued coal production for at least another
ten years, and preferably some earlier dust
measurements.

Each miner employed at the 31 mines
were asked voluntarily to undergo, at no
charge to him, a medical examination con-
sisting of standard posteroanterior and
left lateral chest roentgenograms and
some simple tests of ventilatory capacity.
The latter consisted of three forced expira-
tory volume maneuvers recorded as flow
volume loops., Two practice attempts were
performed first but were discarded.

A waterless high-fidelity spirometer
(Ohio Medical Products, Madison, Wis,
Model No. 800) equipped with an air tem-
perature probe (Yellow Spring Model 405)
was used. The spirometer has an internal
calibrator that produces electrical voltages
proportional to flow and volume. These are
periodically checked by the use of a cali-
brated 1,000 ml plastic syringe and by con-
stant flows over the range from 0 to 10
liters per second using a calibrated
manometer (Vol-O-Flow, National Instru-
ment Laboratories). The electrical calibra-
tors have heen found to be stable during
several months of continuous operation
An electronic pulse generator was used to
superimpose timing marks on the flow vol-
ume loop to permit measurement of the
timed lung volumes.” Flow volume loops of
forced vital capacity (FVC) maneuvers
were recorded on a storage oscilloscope
(Tektronics Model 564) and the loops were
photographed with an attached camera
(Polaroid C12). Measurements were made
from the photographs and the highest of
the three was accepted as the observed
value. The values were converted to body
temperature, pressure, saturation (BTPS).

The total lung capacity (TLC) of each
miner was determined by the radiographic
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method of Barnhard et al.*® The largest ob-
served F'VC was then subtracted from the
TLC to obtain residual volume (RV). Previ-
ous studies have shown this to be an ac-
ceptable method that can be used in the
presence of simple CWP.** In complicated
pneumoconiosis in which there is extensive
radiographic opacification, the method is
far less reliable,

In addition, a slightly modified version
of the British Medical Research Council’s
questionnaire on chronic bronchitis was
administered and a detailed occupational
history was taken.'?

All roentgenograms were independently
interpreted according to the UICC Classi-
fication'® by a panel consisting of Dr.
George Jacobson, Professor and Head, De-
partment of Radiology, University of
Southern California; Dr. Eugene P. Pen-
dergrass, Emeritus Professor of Radiol-
ogy, University of Pennsylvania; and one
of us (W. K. Morgan). If there was a ma-
jority in regard to the major category
(0,123, simple, and A, B, and C compli-
cated pneumoconiosis), namely, either all
three or two out of three were in agree-
ment, the majority opinion was accepted.
1f all three disagreed, a happening that oc-
curred about 10% of the time, the opinion
of a fourth reader was solicited. In the ex-
ceedingly rare instance where a simple
majority was still not achieved .2%), a
fifth reader was employed.

Normal values for FEV, and FVC were
those of Kory et al.** The subjects were di-
vided into those with and without obstruc-
tive airways disease according to whether
their FEV,/FVC was less than or greater
than 70%. This definition of airways ob-
struction was employed because it hag
been commonly used in epidemiological
studies and is applicable in a survey situ-
ation.

A multiple covariance technique was
used in analyzing the data across the
prime factors, eg, radiographic category,
geographic region, and years underground,
thereby adjusting the means of the various
indexes for age and height. Prior work has
confirmed that these two variables have
significant influence on ventilatory capac-
ity, hence they were the covariates in the
statistical model. Moreover, an appropriate
multiple range test was used as a means of
determining where significant differences
oceurred. The 95% confidence level was the
critical cutoff point in testing.

In order to compare the effects of the
miners’ working and nonworking environ-
ment on ventilatory function, the popu-
lation studied was divided according to the
geographic area in which it was located
and according to the type of coal that it
mined. A previous study suggested that

Pennsylvania anthraeite and bituminous
miners differ in regard both to the fre-
quency with which symptoms of bronchitis
are present and to the prevalence of air-
ways obstruction.’”” Thus, the population
was first divided into anthracite and bitu-
minous miners. The latter were then subdi-
vided further into three main groups ac-
cording to the major region in which they
worked, namely, Appalachia, Midwest, and
far West.

In a few instances, certain of the major
subgroups were broken down still further.
Thus, Appalachia was subdivided into
northern Appalachia (Pennsylvania, north-
ern West Virginia, and eastern Ohio), and
southern Appalachia (southern West Vir-
ginia, eastern Kentucky, and Virginia) and
Alabama. These further subdivisions were
effected because it has been shown that the
prevalence of CWP differs greatly in
northern and southern Appalachia.™ Ala-
bama was considered separately because
the proportion of Negro miners in this
state is approximately 30% to 40%. Else-
where the figure is well below 10%.

The first round of examinations was
completed by July 1971. Participation was
90.5% and 9,076 miners were fully exam-
ined. Unfortunately dust measurements
are not available since the Bureau of
Mines has environmental data of this type
dating back only to 1970.

Results

Ventilatory Capacity: Comparison
With Predicted Values.—Since it is
often imposgible to obtain adequate
control groups to compare with the
coal mining population, the ventila-
tory capacity of the miners in this
study was compared to the predicted
figures of Kory et al.” Figure 1 shows
the mean observed and predicted
FEV, and FVC for the anthracite and
bituminous miners. It is apparent
that in the case of the anthracite min-
ers, there is a greater disparity be-
tween the observed and predicted fig-
ures. Indeed the mean ohserved FVC
of the bhituminous miners is slightly,
though not significantly, greater than
the predicted value. Figures 2 and 3
show the mean observed and pre-
dicted FEV, and FVC according to
region. For most regions, the mean
FEYV, is lower than the predicted fig-
ure. An obvious exception is present
in the case of miners from the far
West (The difference between the ob-
served and predicted FEV, is rela-
tively minor except in the eastern

Ventilatory Capacity in Coal Miners/Morgan et al 183
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Fig 1.—Ventilatory capacity of anthra-
cite and bituminous miners.

Pennsylvania anthracite, southern
Appalachian, and Alabama miners
where the reduction is significant and
somewhat more substantial) Al-
though the subjects used by Kory and
his colleagues for deriving their pre-
dicted values included a few blacks,
no allowance was made for ethnic dif-
ferences. There is little doubt that
Kory’s predicted values should not be
applied to black subjects, and since a
high proportion of the Alabama min-
ers was black, this explains the rela-
tively lower ventilatory capacity
found in this group.

These variations in ventilatory ca-
pacity cannot be accounted for by dif-
fering smoking habits, and indeed
the anthracite miners smoke the least
of any of the groups. The greater
prevalence of progressive massive fi-
brosis (PMF) is partly responsible for
the low mean FEV, of the anthracite
miners, but, as will become evident
later, this accounts for only a minor
part of the difference. The mean ob-
served and predicted FVC for the re-
gions resemble each other closely
with the obvious exceptions of the an-
thracite region where the observed
figure is lower, and the far West
where the observed figure exceeds the
predicted.

Relationship of Ventilatory Capacity
of Radiographic Category.—The rela-
tionship of radiographic category to
the various indexes of pulmonary
funetion is shown in the Table. No
matter whether the mining popula-
tion is considered in its entirety,
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dicted, for the various regions.
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01 23PW
ANTHRACITE

ol 23w
ALL MINERS

ALL BITUMINGUS  APPALACHIA

MID-WEST  FAR-WEST

GEOGRAPHIC REGION
Fig 4.—Mean FEV, for each radiographic category according to region.

broken down into bituminous and an-
thracite miners, or subdivided still
further, increasing category of simple
pneumoconiosis is not associated with
a significant decline in FEV, (Fig 4).
Although the anthracite miners tend
to show a decline in FEV, with in-
creaging eategory, in no instances are
any of the decrements significant. In
contrast, in almost all the miners, re-
gardless of their geographic origin,
the onset of complicated pneumoconi-
osis is associated with a substantial
and significant decline in FEV .

In regard to FVC, in both the en-
tire sample and in the bituminous
miners, there is a slight decline with

the change from no pneumoconiosis
to category 1. The transition from
category 1 to category 2 is associated
with a significant reduction in FVC
in the complete study population but
not in either of the two major sub-
groups, namely, anthracite and bitu-
minous (Fig 5). Such differences, al-
though just reaching statistical
significance, cannot be regarded as
clinically important. Otherwise, fur-
ther increases in category of simple
pneumoconiosis are unrelated to
changes in FVC. The relationship of
(FEV,/FVC)% to radiographic cate-
gory is shown in Fig 6. The differ-
ences are all minimal except for PMF.

Ventilatory Capacity in Coal Miners/Morgan et al
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§ § é significant between categories 0 and
;.; é 1, 1 and 2, but not between 2 and 3,
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35 :; § 2 tively few subjects with category 3.
§ E;E Z Similar findings are present in regard
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g grap gory 9 gion. similar trend for (RV/TLC)% is pres-

ent.

Although RV appears to increase
with increasing category, differing
degrees of obstruction or differing
smoking habits may have been pres-
ent in the different categories of
simple CWP, and thus could account
for the differences in mean RV. Fig-
ure 8 shows the differences in the
mean RV of the bituminous miners
according to smoking status and ob-
struction. The apparent anomaly of
the obstructed nonsmokers having a
higher RV than the obstructed
smokers is related to the small num-
ber of nonsmoking subjects with ob-
struction and to the fact that over
50% of them had a history of asthma.

The findings in the anthracite min-
ers were very similar. The upward

Fig 6.—Mean (FEV,/FVC)% for each radiographic category according to region.
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Fig 8.—Relationship of RV to radiographic category, obstruc-
tion, and smaking status in bituminous miners.

trend in RV is especially apparent in
the nonobstructed nonsmokers; a
group that is free of the influences of
obstruction and cigarette smoking.
The increment in RV with increasing
category is more obvious and clearly
defined in this subgroup than in any
of the other subgroups. In some in-
stances the increases are statistically
significant; in others, not. For ex-
ample, for the anthracite miners,
those with category 0 have a signifi-
cantly lower RV than those with cate-
gory 1. The fact that in the anthracite
miners no other statistically sup-
ported differences occurred with in-
creasing radiographic category is
thought to be a function of small
numbers. For these same radio-
graphic subgroups of bituminous
miners, the trend is much more dis-
tinet; the RV of those with category 0
being significantly lower than those

with any category of simple CWP. It

is also apparent that smoking and
airways obstruction tend to mask the
effects of radiographic category on
RV and that obstruction, as defined
by the ratio of FEV /FVC, has a
greater effect than does cigarette
smoking. In this regard, it is realized
that in smokers, small airways ob-
gtruction may he present despite nor-
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smokers).

mal spirometry.

Relationship of Ventilatory Capacity
to Years Underground.—The effect on
ventilatory capacity and lung vol-
umes of dust exposure as measured
by years underground is now exam-
ined. Since it is known that compli-
cated pneumoconiosis leads to a re-
duction in ventilatory capacity, and
since this condition is seen pre-
dominately in older miners with long
dust exposures, subjects with this
condition were excluded from the
analysis. To eliminate the effects of
cigarette smoking, only nonsmokers
were congidered.

The relationship between years un-
derground and FEV, is shown in Fig
9. Each mean value has been adjusted
for age and height. Although decre-
ments oceur that appear to be related
to increasing exposure as measured
by years underground, no consistent
trend occurs throughout all geo-
graphic regions. The same exists in
regard to the FVC. In the Appala-
chian miners there is a slight but sta-
tistically significant decrement in
FEV, that occurs between 10 and 19
years underground but is not appar-
ent afterwards. In the western and
anthracite groups, a minimal but sta-
tistically significant decline oceurs

YEARS UNDERGROUND

Fig 9.—Relationship of FEV, to years underground (non-
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Fig 10.—Relationship of FVC and FEV,
to geographic region and smoking status.

Fig 11.—Relationship of RV to smoking
status.
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between 20 and 30 years of under-
ground exposure. In the Midwest, the
FEV, declines only after 30 years or
more underground. Although small
but significant decrements occur in
several of the regions, the time of
their onset differs. The declines in
FVC and FEV, range respectively
from 150 and 130 ml in Appalachia to
400 and 350 ml in the West. Years un-
derground had no effect on the
(FEV,/FVC)%.

In regard to RV, again there is a
slight but statistically significant in-
crease in RV with years underground,
but this is probably an effect of in-
creasing radiographic category rather
than years underground per se.

It therefore seems that the number
of years worked underground may, in
certain circumstances, have a slight
but statistically significant effect on
ventilatory capacity. However, the ef-
fect is not seen in all regions and the
decrements occur at different dura-
tions of dust exposure in different re-
gions.

Relationship of Veatilatory Capacity
to Geographic Region.—~The mean fig-
ures, adjusted for age and height for
the various pulmonary function tests
across radiographic category within
region are represented in Fig 4 to 6.
Although we realize that it is not
theoretically acceptable to draw in-
ferences across regions within radio-

Arch Environ Health/Vol 28, April 1974
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Fig 12.—Relationship of RV to radiographic category in

smokers.

graphic category (ie, the adjustment
of the means negates such compari-
sons) in this case, the disparities are
g0 marked that it can be assumed that
they are real.

It is obvious that wide regional
variations exist. Anthracite miners
have a lower ventilatory capacity
than do their bituminous counter-
parts. The further West one goes, the
better the ventilatory capacity. Such
disparities cannot be entirely ac-
counted for by different smoking
habits. When the smoking habits for
each major region are taken into con-
sideration, the FEV, and FVC for
each region are again shown in Fig
10. Although there is little difference
between the anthracite miners of
eastern Pennsylvania and bituminous
miners of Appalachia and Midwest,
the far Western miners have a signif-
icantly larger mean FEV, and FVC
regardless of their smoking habits. If
the mean (FEV,/FVC)% for each re-
gion is considered, the anthracite
miners appear slightly worse off de-
spite the fact that their cigarette con-
sumption has been and is, currently
less. Among the bituminous miners
the (FEV,/FVC)% does not vary sig-
nificantly between regions (Fig 6).

The mean TLC, RV, and (RV/-
TLC)% for each region varied
markedly. These indexes were most
elevated in the anthracite miners and

T
ANTH.

T T v
APPAL. MID-WEST FAR-WEST
REGION

Fig 13.—Relationship of RV to radiographic category in non-

there was a general decline from East
to West, with the Utah and Colorado
miners having the lowest values.

The roles of the various factors that
are likely to account for the regional
differences are examined and defined
in Fig 11 to 13. There is little doubt
that a difference of RV exists across
regions. The trend is distinct and sta-
tistically significant for both the
smokers and nonsmokers (Fig 11).
This is not to imply that smoking has
no effect, only that its effects cannot
entirely account for the regional dif-
ferences of RV, In this regard, a de-
parture from the general trend does
exist for the nonsmokers between the
Midwest and far Western regions.

Figures 12 and 13 show the rela-
tionship between RV and region for
each major radiographic category for
smokers and nonsmokers. It is appar-
ent that the original trend persists al-
though it is somewhat less distinet
than in Fig 11. Thus, it would seem
that regardless of radiographic cate-
gory or smoking habits, RV appears
to be influenced by the region in
which the coal miner works, namely,
there may be qualitative as well as
quantitative effects of the inhalation
of coal dust.

Comment

Several studies have shown that
coal miners have a greater prevalence

Ventilatory Capacity in Coal Miners/Morgan et al 187
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of respiratory disease than does the
general population.®"'** The exact
causes of this increased morbidity
and mortality are still the subject of
debate, and cannot be attributed to a
single respiratory disease or to any
particular set of circumstances that a
coal miner encounters in his job. In
some instances, namely CWP, there is
a direct relationship between the in-
halation of coal dust and the disease
that results. Simple CWP, despite its
association with several respiratory
impairments,* does not appear to
lead either to premature death or to
respiratory disability.* In contrast,
complicated pneumoconiosis or PMF,
has been shown to be associated with
a lowered life expectancy.?? The most
common respiratory diseases leading
to death in miners are nonspecific ob-
structive airways disease and lung
cancer.”*>* While there is little to
suggest that lung cancer oceurs more
frequently in miners, there are a
number of studies that have shown
that miners have more bronchitis and
a lower ventilatory capacity than do
nonminers.»**2 On the other hand,
other studies have not shown any dif-
ference between coal miners and the
general population.®” These dis-
parities might well be related to the
geographic area in which the coal
mine is situated and perhaps also to
the quality and quantity of coal mine
dust to which the miner is exposed.
If it is assumed that miners have a
lower ventilatory capacity than does
a control population, this could be a
direct consequence of the inhalation
of coal dust particles in the respirable
range, ie, those that are responsible
for the development of CWP. Were
this assumption true, then there
should be a decline in ventilatory ca-
pacity with increasing radiographic
category of simple CWP. Except for a
nonsignificant trend in the case of
anthracite miners, no such relation-
ship is apparent. It therefore seems
likely that the decline in ventilatory
capacity is a result of airways
obstruction and is unrelated to the
presence of radiographic evidence of
simple CWP. Similarly, time spent
underground has a slight effect on
ventilatory capacity only in certain
regions but overall appears to be in-
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Relationship of Various Indexes of Pulmonary Function to Radiographic
Category (Adjusted for Age and Height)
Radiographic Category
~ A —\
0 i 2 3 PMF
All Miners
FEV; (L) 3.49 3.45 343 3.46 3.22
FVGC (L) 4.74 4.65 4,57 457 4.58
(FEV{/FVC) % 73.50 74.10 74.90 76.00 69.60
TLC (L) 7.30 7.39 7.41 7.60 7.46
RV (L) 2.56 2.74 2.84 3.02 2.88
(RV/TLC) % 34.10 36.10 37.40 38.50 37.70
Sample size 5,323 1,903 509 5@ 236
Anthracite Miners
FEV, (L) 3.14 3.10 3.02 3.01 2.67
FVC (L) 4.28 4.25 4,11 4,14 3.94
(FEV,/FVC) % 72.80 72.70 73.30 73.30 66.90
TLC (L} 7.58 7.65 7.56 7.70 7.61
RV (L) 3.29 3.40 3.46 3.57 3.67
(RV/TLC) % 42 .90 44.00 45.10 46.00 47.50
Sample size 207 120 93 23 75
Bituminous Miners
FEV; (L) 3.51 3.47 3.46 3.55 3.33
FVC (L) 4.76 4.67 4.61 4.66 4.73
(FEV,/FVC} % 73.680 74.20 74.90 76.40 70.00
TLC (L) 7.29 7.38 7.39 7.55 7.41
RV (L) 2.53 2.70 2.77 2.89 2.69
(RV/TLC) % 33.60 35.70 36.60 36.80 35.40
Sample size 6,116 1,783 416 33 161

consequential. While it must be con-
ceded that cigarette smoking is pre-
eminent in the pathogenesis of
obstructive airways disease in coal
miners, there is some evidence that a
form of industrial bronchitis exists
and that the latter is related to the
amount of dust to which the miner is
exposed.” It also seems probable that
the chemical and physical composition
of the dust might influence the preva-
lence of airways obstruction.

The present study shows that the
mean FEV, and FVC of miners for
certain geographic regions are sub-
stantially lower than they are in oth-
ers. These differences cannot be ac-
counted for by different smoking
habits. In fact, in some regions, when
the smoking habits are considered,
the ventilatory capacity appears to be
inversely related to the prevalence of
cigarette smoking. For example, 48%
of the anthracite workers in this
study were smokers while the per-
centages in Appalachia, the Midwest,
and the West were 54%, 59%, and 49%,
respectively. However, other nonoceu-
pationally related factors provide a

ready explanation, namely, ethnie
background, physical activity, and al-
titude.?®* Differential migration may
also play a role in accounting for
some of the regional differences. It is
possible that the higher values in Col-
orado and Utah might be partly due
to an influx of men with good pulmo-
nary function. To establish that these
other factors do not account for the
differences would mean that a control
population would have to be sought
for each region. This is not even pos-
sible in many areas, since coal mining
is the only occupation in certain re-
gions of Appalachia and elsewhere.
Weighing against the likelihood that
nonindustrial factors are responsible
are the differences that exist in venti-
latory capacity between miners from
northern and southern West Virgin-
ia, and between miners from central
and western Pennsylvania. The eth-
nic origins and nonworking environ-
ments of miners from central and
western Pennsgylvania are very sim-
ilar. Moreover, Enterline’s study of
the mining and nonmining popu-
lation of two towns in southern West
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Virginia showed that the ventilatory
capacity and the presence of respira-
tory symptoms of the miners from
each town differed significantly.” In
one such instance there was a small
but statistically significant difference
between the coal miners and the con-
trol population; in the other no such
difference existed. It is, therefore,
felt that a substantial proportion of
the regional differences in ventilatory
capacity that have been shown are
probably related to the miner’s work-
ing environment, namely, there are
qualitative as well as quantitative ef-
fects of the dust to which he is ex-
posed.

If one considers the extent of the
ventilatory impairment of the miners
included in this study, it is apparent
from the comparisons of observed to
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predicted figures that, with the ex-
ception of anthracite miners, such im-
pairment is either minor or minimal.
By itgelf it would not lead to respira-
tory disability and neither would it
affect a miner’s working capacity.
The prevalence and severity of air-
ways obstruction does not seem to
differ much between regions except in
the case of the anthracite miners who
have somewhat more.

As far as lung volumes are con-
cerned, again interesting regional
differences exist, in particular in re-
speet to TLC and RV. The differences
are much more marked for RV than
TLC and the anthracite miners ex-
hibit the greatest changes. Moreover,
RV and to a lesser extent TLC defi-
nitely increase with increasing radio-
graphic category. These findings con-
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