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Ventilatory function after exposure to various
respirable hazards in a population of former coal
miners
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Abstract
The ventilatory function of 406 male former
coal miners who had presented at the Cook
County Hospital occupational medicine clinic
between January 1976 and April 1987 was
studied to determine whether subsequent
exposure to respiratory hazards after leaving
the coal mines adversely affected lung func-
tion. The miners were divided into five
exposure groups based on their exposure to
respirable hazards. These were coal dust only,
coal dust plus asbestos dust, coal dust plus
silica dust, coal dust plus another respirable
hazard and coal dust plus two other respirable
dust exposures. Duration of employment in
coal mines, race, smoking history, and mean
age were not significantly different between
the various exposure groups. No significant
difference was found in the per cent of predic-
ted forced expiratory volume in one second
(FEV,), per cent of predicted forced vital
capacity (FVC), and FEV1IFVC when the coal
dust only group was compared with each ofthe
other four exposure groups using ANOVA.
Among former coal miners who present for a
respiratory disability determination, there-
fore, exposure to respirable hazards subse-
quent to employment in coal mines is not
associated with a statistically significant
deterioration in ventilatory function.

Testing of pulmonary function has an important role
in the evaluation of lung disease in coal miners.
Although such testing is not useful for diagnosing
coal workers' pneumoconiosis,' it is useful for
evaluating chronic respiratory impairment and as
such it is employed under the United States Black
Lung Benefit Act to determine eligibility for
benefits.2

After leaving the coal mines, miners often have a
history of employment in jobs where they are ex-
posed to respiratory hazards; the effect of subsequent
exposure on ventilatory function and, in turn, on
eligibility benefit has never been studied in ex-coal
miners. Although there are a few reports on the
ventilatory function of coal miners who left the
industry to take other jobs,"5 none of them evaluated
the effects of exposure to respiratory hazards that
may have been present in those other jobs.
The aim of our study was to determine if occu-

pational exposure to respiratory hazards subsequent
to employment in coal mines was associated with a
statistically significant decline in ventilatory func-
tion. We studied former coal miners who migrated to
the Chicago area where they frequently obtained
employment in the steel industry, in industries
utilising asbestos, and in other workplaces in which
exposure to fibrogenic dusts, fibres, and fumes were
common.

Methods
The charts of former coal miners who presented to
the occupational medicine clinic of the Cook County
Hospital for evaluations of disability to obtain
benefits under the United States Department of
Labor Black Lung Benefit Act were reviewed.
Because this is the only clinic in the Chicago area that
receives federal funding to perform assessments for
benefit because of black lung disability it primarily
serves former coal miners of low or modest financial
means. All former coal miners who were assessed
between January 1976 and April 1987 were con-
sidered for inclusion in the study.
To qualify, a miner's chart had to contain a

complete occupational history, information on
smoking, and information on race and tests of
pulmonary function that met the American Thoracic
Society (ATS) standards.6 The charts of 406 former
coal miners met all the criteria and were included in
the study. One hundred and fifty eight miners were
excluded because their tests did not meet the ATS
standards.
The information collected included age, duration

ofemployment in coal mines, duration of exposure to
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asbestos, silica, and other respiratory hazards (such
as welding fumes, isocyanates, and cotton dust), and
history of smoking. Data on cumulative dust
exposure were not in the charts and were not
collected. Pack-years of smoking were calculated by
multiplying the average number ofpacks ofcigarettes
smoked each day by the number of years during
which the miner had smoked.
The participants were divided into five groups

based on exposure: group 1, exposure to coal dust
only; group 2, exposure to coal dust and asbestos
dust; group 3, exposure to coal dust and silica dust;
group 4, exposure to coal dust and a miscellaneous
respiratory hazard (welding fumes, plastic fumes, or

cotton dust); and group 5, exposure to coal dust and
two or more respiratory hazards.
Most tests of pulmonary function were obtained

with the 47120A Hewlett Packard SystemR. The
remainder were performed on the SLR series 5000
pulmolabR. Tests of pulmonary function for all coal
miners enrolled in the study were corrected to body
temperature, pressure, and saturation. Per cent of
predicted values for forced expiratory volume in one
second (FEVy) and forced vital capacity (FVC) was

calculated as previously described.7 To correct for
the known racial difference in parameters of pul-
monary function the expected FEV, and FVC for
black subjects were multiplied by 0-85.8

Mantel-Haenszel 2tests were performed to deter-
mine if the exposure groups were similar in propor-

tions of race and smoking state (former, current, or

non-smoker).9 Analysis of variance (ANOVA) was

carried out to determine if significant differences
between the different exposure groups existed for
measures of ventilatory function, pack-years, height,
duration of exposure to coal dust, duration of
exposure to non-coal dust hazards, and age.9 The
FEVI, FVC, and the FEV,/FVC were regressed
against the independent variables of exposure group,
height, age, race, duration of exposure to respirable
hazards excluding coal dust, smoking state, and
pack-years smoked.9 To assess participant effort on

pulmonary function testing, an aggregate maximum
voluntary ventilation (MVV)/FEV, ratio was calcu-

lated for each respiratory technician.'0 The combined
mean for all respiratory technicians was 33-2.

Results
All five exposure groups were similar for race, mean

age, mean height, smoking state, mean number of
pack-years smoked, and mean duration of exposure

to coal dust (table). The mean duration ofexposure to

respirable hazards excluding exposure to coal dust
was determined for each group. Statistically sig-
nificant differences in this measure were found for
each exposure group when compared with each ofthe
other groups using non-paired t tests, except that no
difference was found between group 2 and group 5
(table).
No statistically significant differences in ven-

tilatory function were found between the exposure

groups with ANOVA (table) or with linear regression
analysis to control for important factors of lung
function risk. Inclusion of the 158 miners in the
analysis who did not qualify for the study because
variability of spirometry exceeded the ATS guide-
lines, or of data from non-smokers only did not

produce any significant differences either.

Discussion
Our study found that among former coal miners
claiming disability, occupational exposure to res-

piratory hazards subsequent to employment in coal
mines was not associated with a significant deteriora-
tion in ventilatory function when compared with
former coal miners having no occupational exposure
to respirable hazards after leaving the mines. We are

aware of no other study that compared ventilatory
function between former coal miners with and with-
out occupational exposure to respirable hazards after
employment in coal mines.

This cohort has been studied previously when it
was found that chest x ray photographs from groups

2, 3, 4, and 5 were more likely to have small opacities
consistent with pneumoconiosis than those of group
1. Only 14 60o with exposure only to coal dust and

Demographic characteristics and ventilatory function by exposure group

Mean length Mean length of non-coal
No of Caucasian Black Mean Mean of coal dust dust respiratory hazard

Exposure group subjects (0 J) (%0) age (y) pack-years exposure (y) exposure (y)*

Group 1 (coal only) 268 73-1 26-9 62-5 25-8 14-7 -

Group 2 (coal, asbestos) 37 70-3 29-7 63-1 22-9 14-0 20-4
Group 3 (coal, silica) 50 63-3 36-7 63-3 28-7 13-0 12-7
Group4(coal,miscellaneous) 44 81-8 18-2 62-0 23-4 15-4 16-0
Group 5 (coal, two respiratory

hazards) 7 0 100 61-9 27-4 15-0 21-0

Total 406 73-1 26-9 62-6 25-7 14-5 16-2
(range) (23-89) (0-100) (0-5-49) (0-5-44)

*Each group significantly different from all other groups (p < 0-05, non-paired + tests) excepting no difference between group 2 and group 5.
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37%o with exposure to coal dust and another respir-
able hazard, however, had a profusion ofopacities on
chest x ray film greater than or equal to 1 /1."
Thus most of the sample had little or no radio-

graphic evidence of pneumoconiosis, which helps to
explain our findings. In coal workers' pneumo-
coniosis, impairment of ventilatory function is not
seen until the disease is advanced, and associated
with large opacities of high profusion on radio-
graphy.'2 Likewise, impairment of ventilatory func-
tion is generally absent in the early radiographic
stages of silicosis."

In workers exposed to asbestos, pulmonary func-
tion appears to be better correlated with cumulative
exposure to dust than with extent of radiographic
change.'4 Our failure to find a significant difference
in ventilatory function in the asbestos exposed group
(group 2) may indicate that exposure to asbestos was
not high enough to adversely affect pulmonary
function. We cannot confirm this since data on
cumulative dust exposure were not available.
The limitations of our study may, at least in part,

be responsible for our findings. Our sample consisted
only of ex-coal miners who received a disability
determination for black lung benefit at the Cook
County Hospital Occupational Medicine Clinic; it is
a non-randomised, self selected population and is
prone to selection bias. We were unable to determine
the effect of selection factors such as survival,
socioeconomic state (the clinic primarily serves those
of low or modest financial means), or exclusion of
workers not sick enough to seek a disability deter-
mination. Also, we did not use a control group.
Instead, our findings were based on comparisons of
mean ventilatory function between the five exposure
groups.
The effect of subsequent exposure to respiratory

hazards on ventilatory function has never been
studied in ex-coal miners. Although Hurley and
Soutar34 examined the ventilatory function in ex-coal
miners with chronic bronchitis who left the coal
mines for other employment, they did not report if
the other employment was associated with exposure
to respiratory hazards. Lowe and Khosla' compared
the FEV,/FVC ratio between two groups of steel-

Mean
Mean Mean Mean Mean FEVI/FVC
FEV, (1) FEVJt (%) FVC (1) FVCt %) (%')
2-41 71-5 3-61 84-3 66-6
2-39 74-3 3-46 83-4 68-3
2-42 72-7 3-63 85-4 67-8
2-57 73-2 3-71 83-4 68-2
2-54 70-7 4-26 91-7 60-2

2-43 72-1 3-63 84-4 66-9

tPer cent of predicted value using formulas from Crapo et al.'

workers. One group were ex-coal miners and the
other had no history of employment in coal mines.
These investigators studied the impact of previous
employment in coal mines on ventilatory function in
steelworkers. The effect of steelwork on ventilatory
function in ex-coal miners was not considered.

In conclusion, our findings indicate that among
former coal miners who present for a determination
of disability due to black lung, exposure to occu-
pational respiratory hazards subsequent to em-
ployment in coal mines is not associated with a
statistically significant decline in ventilatory func-
tion. Because of the recognised limitations of our
study, however, further investigation is warranted.

We thank Daniel 0 Hryhorczuk MD, MPH, for his
valuable suggestions and James A Morris, MS, for
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