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ABSTRACT

This analysis uses a portion of the data frbm a retro-
spective study of asbestos textile workers to relate loss
in forced vital capacity (FVC) to cumulative asbestos
exposure, Individual cumulative ashestoé fiber exposure
for agbéstos textile workers was estimated from occupa-
tional histories and results of air samples. Only workers
with more than 10 years exposure were includzsd in the
‘analysis. Observed FVC/Predicted FVC was related to
the logarithm of exposure by linear regression. Office
workers in the same asbestos textile mills were also
‘tested. The FVC of weavers and yarn production workers
was less than predicted and less than that of the office
workers. For asbestos yarn production workers, each
dou¥ling of cumulative asbestos fiber exposure zbave

3

100 fiber-years/cm” resulted in & loss of 5 to 10 percent

in FVC.
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INTRODUCTION

In 1964 the Division of Occupational Health of the U.S.
Public Health Service,now the National Institute for
Occupational Safety and Health (NIOSH)Jbeqan a study of
the asbestos manufacturing industry in the United States.
The study was voluntary on the part of the manufacturing
concerns, and was conducted in cooperation with the
"State Health Department industrial hygiene units ‘in the
States of North Carolina, Pennsylvania, New Hampshire
and New Jersey. Plants were alsc surveyed in Indiaﬁa,
Texas, Louisiana, California and Ohio. The study ‘
~initially included collection of employment records for
subseguent mortaiityAanalysis and environmental assess-
ment of asbestos.textile manufacture, friction product

manufacture, asbestos cement pipe manufacture, and
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1,2 When funds became

‘agsbestogs insulation manufacture.
available, the study was éxpandéd to include medical
examinations‘in the asbestos textile portion of the
industry. The medical examination included an occupational

and medical history, a PA chest roentgencogram, a forced

expiratory spirogram and other respiratory function tests.

Organization to fulfill the mission of the new National
_Institute necessitated reassignment of a number of the
senior personnel involVed in the study, and field work
was discontinued. Collection of mortality data from the
study continued and was, in fact, expanded in certain
.xespects. A report has been presented on these data3,

and they are now being updated.

An analysis to determine the assocization of environ-
nmental data with development of asbestosis and other
Ehgsiological and medical éhanges in workers has not,
however, been made. An exception was a preliminary
report on cumulative dust exposure versus average percent
of pre%icted forced vitél capacity for workers with
more than 10 years experience in ong of five asbestos
textile mills.4 That preliminary report includéd only
groups of three or more workérs for whom exposure could

be estimated. This report uses the same dust count and

forced vital capac.ty data, but includes all the workers
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for whom exposure estimates could be made, with an indivi-

duzal estimate for each worker.

METHODS

The environmental data.collected by the NIOSH teams
consisted of both impinger counts‘(the Threshold Limit
Vziue for asbestos was 5 millioﬁ particles
per cubic foot (mppci) at the initiation of the study)
and counts of "total® fibers, fibers longer than 5 um,

S.6 Samples counted were

ahd fibers longer than 10 um.
also analyzed for magnesium, which ‘constitutes approxi-
mately 25 percent of chrysotile asbestos. Samples were

also collected for other chemical and physical analyses.

Environmental data collected prior to the NIOSH study
were 21l in the form of impinger counts. All particles
were counted, as fibers represent only a small fraction
of the particles seen in an impinger count. Data were
available ffom'company records, which were made freeiy
available to the NIOSH team, and from State Health
Department records, especially in North Carolina. These
eounts,‘aléhougﬁ typically few in number at any one
operation, went back in some cases to the 1930's. All
these impinger counts were converted to eguivalent counts

of fibers longer than 5 um in length, using the equiva-

lent of 1 mppcft = 6 fibers/cmB.
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Cumulative exposure of workers was estimated by
assigning an exposure to each operation at each plant
for each year of exposure. For the NIOSH surveys, the
fiber counts were averaged for the operation for each
survey. For the previcus vears, the counts at an opera-
tion were averaged if there was more than one in the
yezr. For those years where no counts existed, a linear
interpolation was used between counts from previous and
future years. The annual‘exposure was then summed for
each worker to give an estimated cumulative exposure in

terms of fibers—years/cm3.

Forced vital capacity (FVC) was measured by members of
the Physiology Section, using Jones Pulmonors.®* The
best effort of three trials was ordinarily used. The
predicted forced vital capacity was based on the worker's
age, height and sex, using tabies from the Committee on
Rating of Physical and Mental Tmpairment, after the

data of Kory et a1.7’8

Only workers with 10 or more years of work in the
office, or at production operations for which there were

environmental data, were included in the analysis.

*Mention of specific equipment does not imply endorse-

ment by the Public Health Service.
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RESULTS

Regresssion of FVC observed/FVC predicted versus arith-
metic years, and arithmetic fiber—years/cmB, showed no
relationship of FVC to exposure; therefore, the logarithms
of these‘exposure parameters were used. The equations
for fraction of predicted FVC versus log years are shown
in Table 1 for smoking and non-smoking office workers,
for smoking, non-smoking and - ex-smoking yvarn production
workers, and for smoking and non-smoking weavers. The
regression equations for fraction predicted FVC vérsus log
cumulative exposure ic presented in Table 2. For the
¥Yarn praduction workers, a further breakdown intoc male

and female workers is included.

The percent predicted FVC from these equations is shown
versus log exposure time in Figure 1. The office workers
have a hicher proportion of the predicted FVC than pro-
duction workers at 10 years and in succeeding yearé.
Weavers have better ¥FVC than the yarn production workers
&s a group. For each of these groups, the non-smokers

‘kave better FVC's than the smokers.

Percent predicted FVC versus log cumulativé exposure
is shown in Figure 2. For the same apparent exposuré
~above 100 fiber—years/cmB, the weavers have less loss
in FVC. For both groups the same exposure causes more

loss in the smokers, and the ex-smoker yarn workers are
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intermediate. For the smoking yarn production workers,
each doubling of exposure above 100 fibers-years/cm3
appears to result in a decrease of about ten perceunt in
predicted FVC. For the smoking weavers -and non-smoking
varn production workers, the rate of decrease appears to
be only about half as great for eachrdoubling of exposure.
The rate of decrease for non-smoking weavers is similar
to that of non-smoking office workers, but the weavers
ﬁave nine percent less of their predictedvforced vital
capacity. The yarn production workers are subdivided

by sex in Figure 3. A statistically significant regression

line was not obtained for non-smoking females.

DISCUSSION

The patterns of exposure of the production workers in
this study reflect high exposures in the 1930's, dramatic
reductions in the late 1930's td'early lSéOis, and some
further reduction to about 1950, with little change from
then until conc;usion of the study. Thus, there is not
a group reflecting a low exposure rate over a‘long time

period; the lower exposures are shorter exposures.

The FVC of the weavers is better at 10 years and
remains better than yarn production workers, reflecting
less exposure to dust with an effect on pulmonary func-

ticon. The apparent difference in the effect of an
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equivalent cumulative exposure (Figure 2) may, however,
be an artifact. Except for the NIOSH study, samples

at the production operations have emphasized those
operations with the highest apparent dust concentrations.
This makes little difference for the yarn-producing
operations, where concentrations tend to bhe similar
throughout each area. At weaving, however, certain looms
which are run dry or otherwise are dustier would have
been sampled in preference to other typical looms. {Such
a sampling pattern would be required by regulation in
proposed new health standards of the Occupational Safety
and Health Administration.)g There is, however, the
possibility that at least part of this apparent differ-
ence is real, if the shape characteristics of fibers
generated at weaving are such as to cause lower fiber

10 Qur data are not conclusive as to

deposition.
whether ©r not there is a real difference in the effect
of a given dust concentration between weaving and yarn

production.

‘The forced vital capacities average above 90 percent
of predicted values for all groups at 100 fiber-years/
cm3, and above 95 percent for all but male smokers.
This would suggest that there is little effect upon

pulmonary function at this cumulative exposure, were it
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not for the fact that office workers at 10 years were

six to nine percent higher than production workers.
Although differences in average FVC between raciai and
ethnic groups have been demonstrated, we believe it

more likely that the difference between qffice and pro-
duction workers represents the loss in FVC over the first
10 years in those production workers with higher exposures.
The two mills with the lowest dust exposures both had
fégression lires for production workers giving FVC's

well above 100 percent predicted at 10 years, while the

- other mills were below 100 percent predicted at 10 years.

The decrease in percent of predicted FVC among office
workers with time probably reflects the fact that some
of theée workers may spend short periods of time in the
plant. It should be noted that they still average more
than 95 percent of predicted FVC after 40 years exposure,
and the reduction in dust concentrations since this
study should still further reduce this effect. We cannot
estimate the effect, if any, of selection out of the
éreup by disability of those most severely affected by

thé asbestos dust.

The variability of environmental measurements by count
is widely recognized.ll Further, there is additional

variability added in the conversion of mppcf to fibers/cc.

10
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However, a factor of two in cumulative exposure results
in only a five to ten percent decrease in percent pre-
dicted FVC. Thus, a factor of ¢ in cumulative exposure
is necessary to produce one standard deviation in the
¥FVC, so that the variability of the data are probably
related more to prediction variability than to Vériables

in exposure estimatiocn.

. The difference in apparent effect of dust upon smokers
and non-smokers is, at least in part, caused by the fact
that the tables used for prediction of FVC did mnot

distinguish between smokers and non—smokers‘lz

CONCLUSIONS

1. There is a progressive effect of asbestos dust
upon forced vital capacity. For asbestos yarn produc-—
tion workers, the decrease in percent of predicted
forced vital capacity averaged five to ten percent for
each doubling of cumulztive exposures above iOG fiber-

years/cm3.

2. The regression eguations for asbestos workers as of
1970 showeé a predicted FVC of l@vaercént or better at
10 vears' exposure for smoking and non-smoking yarn

producticon workers and weavers. However, office wo:kers

‘had higher percent predicted FVC's, and if individual

mills were examined, some were under 100 percent predicted

11
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FVC, suggesting that decreases in FVC had already
occurred. The respiratory function of workers with less

than 10 years' exposure should be examined.

3.a. At an estimated average cumulative exposure of

ige fiber-years/cmB, the basis of the British Occupational
ﬁygie;e Society's Hygiens Standards for Chrysotile
Asbestos, percent predicted FVC was below 100 percent for
mazle yarn production workers, and below 95 percent pre-
dicted for those who smoked. When the variation among
workers is considered, this limit may only prevent signi-
ficant decreases in pulmonary function when combined with
~ periodic spirometry and further reduction of exposure for

affected workers.

3.b. Both the environmental and medical monitoring parts
of the asbestos standard of the U.S. Occupatiogal Safety
and Health Administration appear necessary to prevent
degradation of pulmonary function in susceptible asbestos-

exposed workers.
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Table l.-Regression Equations for Fraction of Predicted
Forced Vital Capacity by Years Exposure in

Asbestos Textile Work: 1870

Group n Fraction Pred. FVC

QFFICE WORKERS

Smokers 53 1.215 ~ 0.156 v
Non-smokers 67 ' 1.348 -~ 0.235 v
WEAVING
Smokers | 60 1.421 - 0.393 y
Non-smokers 67 1.271 - 0.246 ¥
All 143 1.266 ~ 0.280 y
Smokers : 92 1.588 - 0.580 y
Non-smokers 137 1.436 - 0.409 v
Ex-~-smokers 40 1.561 - 0.535 y

where y = logyg, [years exposure]

16
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Table 2.-Regression Equations for Fraction of Predicted
Forced Vital Capacity Versus Log Cumulative

Asbestos Exposure

Graup n Fraction Pred. FVC

YARN PRODUCTION

All smokers 82 1.608 - 0.318 X -
All non-smokers 137 1.333 - 0.172 X
All ex-smokers 40 1.44 - 0.236 X
Male smokers a7 1.46 - 0.265 X
Female smokers - 45 1.886 - 0.429 X
Male non-smokers g9 - 1.,388 - 0,199 X
Male ex-smokers 34 1,443 - 0.233 X
Female non-—smokers 38 N.S.
WEAVING
Smokers €60 1.281 - 0.153 X
Norn-smokers 67 1.167 = 0.086 X
| - 0.095 X

aAll ‘ 143 1.165

where X = 1_0g10 Ifiber~years/ccl

17
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Figure 1., Regression lines of percent of predicted forced
vital capacity vs. years worked (logarithmic scale) for
office and production workers with more than 10 yearé'

experience in any of five asbestos textile mills.

Figure 2. Regression lines for percent of predicted forced
vital capacity vs. cumulative asbestos exposure {logarithmic
scale) for production workers with more than 10 years?®

exposure in any of five asbestos textile mills.

Figure 3. Regression lines for percent of predicted forced
vital capacity wvs. cumﬁlative'asbestos exposure (logarithmic
scale) by sex and smoking for yarn production wecrkers with
more than 10 years' exposure in any of five asbestos textile

mills.

18
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