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ABSTRACT

A comprehensive health screening program consisting of standardized health
and occupational history questionnaire, pulmonary function testing, chest x-ray,
blood chemistry and urinalysis was organized for the Asbestos Workers Union
Local No. 1 in St. Louis, Missouri. One hundred and thirty-five male caucasian
workers or 44 % of the membership voluntcered to participate. and the pulmo-
nary function testing data for all 135 workers were grouped according to their
number of years of exposure to asbestos and their personal smoking habits. Tn
general, smokers have significantly lower pulmonary functions than non-smokers
and ex-smokers. When the number of years of exposure to asbestos is greater than
20, the pulmonary functions of non-smokers are significantly better than the ex-
smokers. This study also shows that working in the asbestos industry can cause
decreuses in pulmonary functions regardless of whether or not a worker smokes.

INTRODUCTION

Asbestos is a general name for a lurge group of hydraled silicates that, when
crushed or milled, separate into flexible fibers. The group is a continuous solid
solution series of minerals that represents a small part of a larger mineral group of
fibrous materials, the amphiboles. Since this class of minerals is a solid solution
scries, the chemical composition varies considerably from loeality to locality and
from one class mermber (o anolher,

Asbestosis was recognized as a respiratory disease very early and led to the
development of some of the first standards regulating dust levels in the workplace
(Levin 1978). Asbestos in man involves diffuse interstitial fibrosis, calcification
and fibrosis of the pleura, broncogenic curcinoma, and mesothelial tumors
(Sclikoff and Lec 1979). All amphiboles appear to be capable of initiating symp-
toms in man and the organization of the surface of the fibers, their lengths, and
their diameters seems critical in the production of biologic effects (Becklake 1976,
Churg and Warnok 1979).
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Bronchogenic carcinoma and mesothelial tumors in man rarely occur less
than 30 vears after exposure to asbestos. Other environmental and personal habits
exposing workers to other carcinogens or potential carcinogens further complicate
the interpretation of the incidence of cancer {ollowing asbestos exposure. Smoking
appears to enhance bronchogenic cancer and mesothelial tumor produoction
(Selikoff ot al. 1968, Burrows et al. 1977, Buist ct al. 1979).

We determined to study Lhe relationship between years of asbestos exposure
and cigarette smoking on the pulmonary health of asbestos workers. T'o accomplish
this, a comprehensive health screening program consisting of standardized health
and occupational history questionnaire, blood chemistry profile, complete blood
count, urinalysis, chest radiographs, and pulmonary function testing was organ-
ized for the Ashestos Waorkers Union Local No. T in St Louis, Missouri. The pro-
gram was muade available on a voluntary busis to all members in the Union.

MATERIALS AND METHODS

During the evenings of the first week of June, 1981, 140 members of the
Asbestos Workers Union Local No. 1, St. Louis, Missouri, volunteered to par-
ticipate in a comprehensive health screening program. The other 170 members
clected not to participate for personal reasons. According to Union records, these
170 individuals appeared to represent a cross-section of the Union similar to the
140 participants. They were fuirly well distributed according to age, time span of
ashestos cxposure, and history of illness, On the surface, there appeared to be
nothing remarkable in this group which would tend to skew the obtained study
results.

The 140 participants consisted of 1 caucasian female, 4 black males, and 135
caucasiun males. To assure a homoegencous study population, only the data for the
135 caucasian males were used in this study. Each participant was inlerviewed
and completed a standardized health and occupational histury questionnaire. All
participanis received the same battery of screening tests which included blood
chemistry profile, complete blood count, urinalysis. chest x-ray, and pulmonary
[unction testing.

Ventilatory function was assessed by recording the forced vital capacity using
a Collins Eagle One Spirometry System, which was periodically and routinely
checked [or calibration. This unit, which meets all ATS-OSHA performance stan-
dards {(Gardner et al. 1979), consists of a modified Stead Wells spirometer with
kymograph and potentiometer, micro-processor, and a line printer, As the subject
inhales and then exhales maximally, the resulting forced vital capaeity curve is
graphically displaved on the spirometler kymograph. The potentiometer signals
are fed into the micro-processor, which caleulates the flows and volumes, corrects
them for BTTS (bodyv temperature, pressure, saturated) conditions, and displays
the test parameters on the digital screen. In addition, these parameters are printed
out by the line printer.

The flow range of the Collins Eagle One Spirometry System is 0.0 to 20.0
Lisec, with an accuracy of 0.1 L/sec. The volume range is 0.0 to 9.99 L, with an
accuracy of 0.025L. The parameters measured include the actual forced vital
capacity (FVC), forced expiratory volume in one second (FEV)}, the ratio of forced
expiratory volume in one second to forced vital capacity (FEV,/FVC), peak expi-
ratory flow rate (PEFR}, and forced expiratory flow during the mid-portion of the
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FVC curve (FEF,, ..). Predicted normal equations based on age, height, sex, and
race for adults (Knudson ct al. 1976) are internally programmed. The predicted
value and % predicted for the measured vulues are automaticully generated and
printed oul at the completion of the study,

Each participant was carefully coached as to the proper method for perform-
ing an acceptable FVC curve, and the procedure was demonstrated (Cissik and
Salustro 1977). Each participant then produced at least three acceptable FVC
curves. Acceptability was defined and based on OSHA standards for cotton dust
(USDOL 1978). Among others. these standards include continuing expiration for
at least 6 seconds or until an obvious plateau in the volume-time curve occurs, and
variation between the lwo largest FVC and FEV, measurements not cxceeding
10% or 100 mL, whichever is larger. With each curve, a permanent alphanumeric
record of the test results was printed out. The micro-processor also summarized
the results and the summary results were used in the statistical analysis.

RESULTS

Data were collected [rom 135 male caucasian workers. Chemistry profile and
urinalysis indicate that all test results were within normal limits. Pulmonary ab-
normalitics were seen on 22 of the 135 chest radiographs. Eighteen of these,
demonstrating such abnormalilics as overinflation, Lzbular shadows, prominent
linear markings, oligemia, and/or pulmonary hypertension, were consistent with
a chronic airflow obstruction (Fraser and Pare 1979, Guenther and Welch 1977).
The other four, showing differing extent and profusion of small opacities, pleural
thickening, and pleural calcification, were consistent with varying grades of
ashestosis according to the ILO U/C 1971 classification system {(Fraser and Pare
1979). The remaining 113 chesl radiographs demonstrated no significant pulmo-
nary abnormalitics,

The pulmonary function testing results for all 135 ashestos workers were
scparated into two subgroups bused on their work history. Because Fraser and
Pare have indicated that development of clinical manifestations requires a
minimum of 20 yvears after onset of exposure to asbestos, we cleeted to look at ouar
subjects in terms of those with less than 20 years of continuous work exposure (66
members) and those with more than 20 years of continuous work cxposure (69
members). Within each group, the workers were further divided into three sub-
groups according to their smoking history, namely, non-smokers, ex-srokers, and
smokers. A non-smoker wus a person who had never smoked regularly. An ex-
smoker was a person who had abstained from smoking for at least one vear. A
smoker was a person who hud smoked regularly. The 66 workers with less than 20
vears of continuous ashestos exposure consisted of 19 non-smokers, 11 ex-smokers,
and 36 smokers, and among the 69 workers with more than 20 years of continuous
work exposure: 17 non-smokers, 23 ex-smokers, and 29 smokers.

It was interesting to note that of the 22 workers with abnormal chest x-rays,
therc was only one non-smoker, but there were 10 ex-smokers and 11 smokers. The
average period of time for ex-smoking was 10 years with the range being from 4 to
22 years. Analysis of the data from these 22 individuals showed this group to con-
sist of middle-aged (50.68 + 8.73 ycars) men with a mean work history in the
asbestos industry of 29.37 + 8.89 years.

The means and standard deviations of pulmonary functions of the 6 sub-
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groups were calculated and are presented in Table 1. Table 2 shows the coefficient
of corrclation among pulmonary function measurements in the 135 workers.
Significant correlation was observed between various pulmonary function para-
meters al the p < 0.01 level. Multiple-regression equations relating pulmonary
function parameters to age, smoking habit, and years of asbestos exposure are
given in Table 3 for all workers in the study, Table 4 for non-smokers, Table 5 for
ex-smokers, and Tablc 6 for smokers. The correlation coefficients arc all signifi-
cant at the p <2 0,05 level,

DISCUSSTON

Asbestos, a natually occurring fibrous material, is an example of a material
uniquely useful, because of its physical and chemical properties. and at the same
time hazardous to man. Evidence linking inhalation of asbestos fiber to the
development of a group of diseascs is generating ever-growing coneern. The
demonstrated risks include the worker exposed in manufacture and use of as-
bestos, residents of neighborhoods of asbestos manufacturing plants, and the
members of houscholds of the ashestos worker.

In the group of workers with less than 20 veurs of asbeslos exposure, the FVC,
FEV,, PEFR, and FEF,, .. were all within normal limits for the non-smokers and
ex-smokers. Normal limit was defined as 80% or better of the predicted value.
While the smokers in this group had normal FVC, FEV,, and PETR, their FEF, ..
had a mean valuc of 67.58% which was considered to have mild impairment,
Mild impairment was defined as 65-73% of the predicted value.

In the group of workers with more than 20 vears of asbestos exposure, the
FVC, FEV, and PFER were also within normal limits. The FEF,. ... however,
had a mean valuc of 68 % for the non-smokers, indicating mild impairment, while
the ex-smokers and smokers had mean values of 49.17% and 51.10% respectively.
These workers were considered to have moderate impairment which was defined
as 50-64% of the predicted value. In both groups, the smokers demonstrated
lower forced mid-expiratory flow rates than the non-smokers and ex-smokors.
However, with morc than 20 years of ushestos exposure, the forced mid-expiratory
{low rates were significantly much lower than the predicted normal values for all
three sub-groups of workers. This seems lo indicate thut long-term asbestos ex-
posure has a deleterious effect on lung function. The large change in the FEF,, ..
would particularly suggest that asbestos not only causes a fibrotic condition but
also can affect the small airways {F'raser and Pare 1979).

It has been suggested that with the cessation of cigarctte smoking, ventilatory
functions improved over a period of at least 6 to 8 months (Buist et al, 1979}, Our
data showed that while there werc no significant differences in the ventilatory
functions between the non-smokers and ex-smokers in the group with less than 20
vears of asbestos exposure, the ex-smokers in the group with more than 20 vears of
asbestos exposure showed a statisitically significant difference in FVC, FEV,, and
FEF,, ;. It would appear that a significant improvement cannot be expected for a
person who has worked for more than 20 years in the ashestos industry, It appears
that cessation of cigarette smoking is purticularly beneficial to those workers with
less than 20 years of asbestos exposure. Recently, it hus been suggested that
smokers might even be betier off than the cx-smokers who had damuaged their
lungs by long exposure to cigarette smoking, asbestos work, or a combination of
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both {Corbin et al. 1979). The smoker exhales as a result of his smoking habit,
while the ex-smoker no longer exhales as deeply. As a result, potentially harmful
ashestos fiber is not exhaled by the damaged lung. The smoker in the process of
smoking might exhale more of the asbestos [ibers Lhat penetrated into the lungs. Il
this hypothesis was correct, lhen deep breathing exercise performed regularly can
certainly help the workers to eliminate some of the harmful asbestos [ibers from
the respiratory svstem.

CONCLUSIONS

In conelusion, our data show a significant difference in pulmonary Function
between smokers and non-smokers/ex-smokers in general, and ex-smokers do not
have significantly better pulmonary [unction tests than do the smokers when both
have more than 20 years of ashestos exposure. In all workers, the FEF,, . ranges
from the low end of the normal limit to moderate impairment depending on the
smoking habit and the number of years of ashestos exposure for the individual.
The pulmonary functions are significantly different when the older and vounger
non-smokers are compared, yet there are fewer functions that had significant dif-
ferences when the older smokers, ex-smokers, und non-smokers are compared,
Our data also show that working in the asbestos industry ean damage the lung
functions regardless of whether or not the worker smokes.
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