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Evaluation of respiratory effects in miners and millers
exposed to talc free of asbestos and silica

DHWEGMAN, JM PETERS,* MARYANNE G BOUNDY,t AND T J SMITH

From the Occupational Health Pronggam, Department of Ph siolog%, and the Department of Environmental
Health Sciences, Havard School ofPublic Health, Boston, Massachusetts 02115, USA

abstract Miners and millers of talc ore, free from a?]bestos and silica, were examined for
resBlraforg erfects. A study of 116 subjects Jnclrded_t e modified British Medical Research
Councl _rsplrfatory %ymptom uestionnaire, simple spirometry, chest radlo%rafh - and I|m|te?
examination of the' criest. A on: -g{ear follow-up evaluation wasI [}gerformed on. 10

subjects. O
the 12 sub ec‘;tswhoec est radio aPhs showe ﬁmall round or. e\;]tilaroi)aﬂtles gerﬁjsmn 10
or greater), five had never smoked clgarettes. Pfu monary function Values at the time of the Initial
stu Zwer less than Ipredlcted and. the rates of loss of 'FEV, and FVC greater than expected.
These ditferences were In part attributed to cigarette smokmg but were greater than predicted
fron?(,that source alone. There was evidence of an eégosurfe ffe(ft a %r_ déustm{_;J for mgarrtte
Mo mq_and we conclude. that these workers have been affected by their xgos res, NO clear

Interaction betwe?n smokmlg and exgosure could be identified. Po’ou ations such as this will need
to be studied for longer periods to determine what current dust levels are safe.

Studies pn the health effects of exposure to talcl £ to |dent|f%/ a relationship (if any) between exposure

suggest that 1t causes both a pneumoconiosis and  and effect.

chronic resplrat_on{ [mpairment. These investiga-

tions.are_complicated by the fact that exposurg’to  Methods

talc is <ften ‘accompanied by exposure to silica,

asbestos; and other ‘minerals. Since Vermont talc  POPULATION AND MEASUREMENT OF HEALTH

deposits contain very small amounts of these con-  EFFECTS : : :

taminants, the workers employed in Vermont talc  The potential population consisted of 174 miners

mines and mills represent a population exposed only ~ and. millers currently employed by three talc com-

t0 industrial grade talc.1315A study was undertaken Faﬂles In Vermont. Only 142 (82%) were examined

to examine both the work environment of Vermont (32 workers were absent or refused to partlupateg

n}mes and mills and the respiratory state of the em- ?er{n%mlatlt%? g\flreoruep% or older; data are presente
0yess. lateer group. :

d ¢ research was designed to determine the level , Questionnaife—A medical history was obtained

and _tyge of exposure to talc, to assess the extent of ~ from each subject, including medical history perti-

respiratory disease in the working population, and  nent to the respiratory system, and a modification of

st adess: University of Southern Califomia. Department the British Medical Research Council Questionnaire

o ke e I ATOSE, CA SIES UoR P B, Fesiratry ymptoms ias compitec Detalled

Present address: Setauket. NYI 1733, USA. individual. A complete occupational history was

. . : . obtained from each company, Including, where
Supported. by: National Instifute of Environmental Health Sci- ' ’ it
eﬁgé%?ézfgn%\loI§|88802nasngutth { Covironme - known, history of work beforé employment in the

\
e nal Insitute for Occupa- talc lndustry
tF'fna t fty i _ ialtth’ gl;am_ Nf_lz\lA?' S'OOOiD orcutiondl 1 Pulfmon%ry funct{on testfs[—At least three sa_tis{ac-
equests Tor reprints 1Q: La man, , upationa
Fel Programmavarg hSch(YolFof PUBIE, HEAIN. 865 H taington \,\%’}/e ?Eggrdgép{{f} 'ggcshawgik?ra’gﬂ‘ %mgt'ggﬁ”\?v'e?ﬂ
Avenie, Boston, Massachusetts 02115 (CoIIins} 10-litre” spirometer with. a k)(]mo raph
Received '14JuIY 1981 speed of 3-2 cm/s. From these tracings, the forced
Accepted 3 Aprll 1082 vital capacity (FVC) and forced expiratory volume
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in one second (FEV,) were derived by standard
methods. The mean of the two larger Satisfactory
trials with no larger than 5%, variation was cor-
rected to BTPS. All 116 met this criterion. Maximal
mid-expiratory flow (MMEF) was taken from the
tracing with the largest sum of FEV, and FVC. No
appropriate control group was availahle for studx{ at
the time this investigation was carried out. For this
reason the method of analysis selected was to com-
pare_the observed pulmonary function values_to
predicted ones from g standard population. Re-
glonal differences in Eulmonag funct|%n haye been
xamined In another study™* arid have been found to
be not s’{gnlflcant. Measured (observed) FVC, FEV,,
and MMEF were compared with expected values
derjved from the prediction equations of Knudson
etal. 7 Knudson used a pneumotachograph rather
than the modified Stead Wells spirometer used in
this study. To achieve e%uwalency, therefore, the
flow derived predicted FEV was multiplied b¥ the
factor 1035 as reported by Knudson. Since there
are no well-established predicted equations for
MMEF, Knudson’s calculated MMEFs were also
selected for comparison with the measured MMEFs.
These are all presented as the ratio of observed over
expected multiplied b¥ 100. .
ne year later, 127 of the original 142 (89%?
were restudied. Three were dead or seriously ilf
nine,were no_longer employed, and three refuséd to
gartlupate. Of the 127 restudied subjects, 103 were
5 or older in the first year of the stu )é Decrements
over the stud}/ year weére determined }/subtractmg
the second test value from the first. Since the
follow-up_ studies were done between 10 and 14
manths after the original study, the decrements were
adjusted to a_12-month year. Decrements are pre-
sented as positive values.

Chest  radiography— Posterioranterior,  chest
radloPraph_s were taken in full inspiration in a
mobile unit that contained a 200 MA, 125 KV
photo-timed unit that takes 14" t()jy 17" (35 om by 43
cm?3 radlografphs at a standard distance of six feet
(11- 2 m). Of the 116 workers older than 25, only

00 volunteered for chest radiographs. The radic-
?r%)hs were read independently according to the
LO/UICC classitication by two readers who had
been trained in this systeni. When there were dis-
agrreements a thirg reader was added to resolve the
differences. Population means for age, years em-

I(\)/yed years smoked, and_ pulmonary function
FVC% predicted and MMEF% predicted) were
compared between the 116 total study group and
the ' 100_with adequate posterioranterior radio-
?er\?epihs. There was no difference at the p <0-10

Wegman, Peters, Boundy, Smith

EXPOSURE MEASUREMENTS AND ESTIMATES
Three sources of information were available for
eesé![[snatmg the long-term dust exposures of the sub-
. (12 Periodic survey data collected by the Ver-
mont Division of Qccupational Health (VT-DOH
during 1938—1. Limitations of this source are that
the samples were collected for less than a full work-
ing day, only a few individuals were sampled during
each Visit, and dust measurements were made by
midget impinger. _

(2) Our 1975-6 measurements consisted of
resPt rable mass samples taken at the_lapel over a full
shitt done in all three companies. The three com-
ganles were visited in summer and winter. A total of

12 personal (lapel) respirable mass samples (118 in
mings and 194 "in"mills) were taken with_a mass
respirable sampler at a flow rate of 1-7 1/m. The first
stage of thjs two-stage sampler consisted of a 10-mm
nzlon_ cyclone. The second stage was a polyvinyl
chloride’ membrane-filter with a Stainless steel hack-
ing plate. All filters were dried in a vacuum
dessicator for a minimum of 48 hours before being
reweighed. Half the samples were analysed for fre8
silica ‘content by infrared spectrophotometry" and
20% by x-raP(/ Iffraction. Fifty-seven parallel sam-
ples wére taken for fibre determinations using 0-8
¢em membrane filters using phase contrast micros-
copy at 437 x  magnification and on the 0-4 nm
filters by scanning electron microscopy at 5000 X
magnification. o

0 determine a factor to convert |mp|n?er counts
to respirable mass concentrations a small series of
samples was collected in 1975-6 using the |mp|n1gﬁr
and respirable mass samplers concurrently. The
conversion, factor was hased on samples from work
areas and Hobs that had not changed.

(3) Historical information (19330-75) from each
company was developed into descriptions of work
practiceS and facilities associated with each job
category. Exposure was estimated for each _Jfob. It
was assumed that exposures stayed the same i there
were no_changes in_ the job or the facilities. This
assumPtlon was verified by the VT-DOH data in
several cases. Where significant changes  had
occurred—for example, the introduction™ of wet
drilling—past measurements were used to_estimate
the aﬁprommate magnitude of the change. The dates
for these changes In each comfoa_ny were used to
describe average exposure levels in a job or work
area as a function of time. In some cases the changes
were not sharply demarcated by dates or no meas-
urements were available to indicate the magnitude
of the changes In exposures. When this happened,
anecdotal Information on the differences in (ix 0s-
ure reported by the old managers and empo?ees
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Evaluation of respiratory effects in miners and millers

was used to estimate changes. There was ng way to
assess the accuracy of this approach for filling in
missing data. The “oldest exposure estimates were
probably the least quantitative. _

Based on. the estimates of the dust reduction due
to engineering changes, [jObS In each company were
given™a factor to adjust current exposure o past
exposure. Current exposure for muckers, scrapers,
or slushers was multiplied by 10 to estimate expos-
ures before 1971 for two ‘companies and before
1974 fof the third. Current exposure for all miners
were multiplied by 2 to estimate exposures before
1971 in the same two companies and_ before 1974
for the third, Milling jobs were not adjusted for the
second or third companies but were multiplied by 5
forexEosures before 1970 in the first.

Bulk samples from representative milling and
mining operations were collected from each” loca-
tion. These specimens were analysed by x-ra¥ dif-
fraction for their mineral constituénts and by atomic
bsorption for trace metals. Aliquots of the bulk
amples were sent to NIOSH and the company for
omparison,

Job exposure assignments—Two_different esti-
mates of exposure were made. The first was an esti-
te of the geometric mean exposure for each job in
ch mill or mine which was received by an‘emp-
loyee during the year of study (“current exposure™).
The second” was'a lifetime dust exposure estimate
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[able 1 Cohort oftalc miners and millers (1975-6): basic
fatistics

e

No Mean D p'

Blas, & 4 &
%@ﬂc&dﬁ% 9§f g >0-10
Wilwe & o 40 o
ST m T e

* test for difference from 100%.

on pulmonary function: decrease in FEV% and
MMEF% and little or no effect on FVC% (table 2).

When exposure to talc was considered, years of
employment and talc years were sgmflcantl assacl-
ated with decreasing_FEV./FVC_and MMEF%
(table 3) but not with"FVC% or FEV%. No effects
are apparent on FVC. _ _

Since the amount and duration of smoking are
correlated with amount and duration of exposure to
talc, we stratified the talc exposure groups by smok-
Ing history (table 4) to look for indépendent effects.
IfTalc (at these Ievelsz has an independent effect on
pulmonary function, then individuals with high talc

ears will tend to have lower pulmonary function

(‘talc years”™). For this measurement an mdividual’}/h&ln those with low talc years in eachi smoking

work history was divided into years in each job. Cur-
rent exposure for each job” was adjusted where
ﬁPe%ropnate by the factor estimating” prior expos-

Then an index was developed as follows:

n :
Talc years = 1 (K> x T))
i= 1

_nubmber of times a man changed jobs

S
{?m_e spent in each job _
dut concentration, either current or adjusted,
depending on time period during which job was

worked.
Results

D
=
[

<——'=

The cross-sectional data for Pulmonar
table 1) show that mean observed/predicted FVC
FVC%) for this population is not 3|gn|f|cantl¥ dif-
erent from 100, while observed/predicted FEV
FEVo) . and . 0 served/Pr dicted  MMEF
MMEF%) are significantly reduced. Both years
smoked and pack years produce the expected éffect

functior?kl/lOn of such

stratum. This was the case for FEV/FVC and for
MMEF%, To examine the exposure effects adjusted
for smoking history a two-way analysis of variance
was computed using the Prouped variables from
table 4: exposure (<6-25 talc years, 2=6-25 talc years)
and smoking histary (non-smoker, current smokers
<20 years, turrent’smokers >20 years, ex-smokers
<20 ‘years, ex-smokers >20 ¥ears). The “analysis
showed a significant smoking etfect as expected for
all but FVC%. The same “analysis showed, after
adjustment for cigarette smoking, a difference for
exposure between hl%h and low talc Jear groups for
FVC% of 0-5% (p = 0-84), for FEV% of 4-5% (p =
0-18), for FEV/FVC of 3-6% (E = 0-03), ana"for
MMEF% of 8-9% (p = 0-04), The difference
favoured the low exposure group in every instange,
although the difference was significant only for
FEVIFVC and MMEF%. A separate analysis of var-
lance was computed to test for an interaction be-
tween smoking and exposure. There was a sugges-
an interaction for FEV/FVC and
MEF% but neither interaction achieved statistical
significance. _ o
Chest radlo(graphs—Radlographm Investigation
showed a 43% prevalence "of any chest “x-ray
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Table 2 Cohort of talc miners and millers (1975): pulmonary function by smoking variables

Years smoked No FEV% FVC% FEV MMEF
----- X 100
FVC
A ggf
o%a| f : :
}» Xiiig B i i
gack years
1 3 - -
i[%é?lo 1%3 %? : é %
P <0 fM -4 < 0412 3 <00

Table 3 Cohort of talc miners and millers (1975): pulmonary function by exposure variables
Talc years No FEV% FVC% FEV, MMEF%  No RV%

<1
o,
i f % g § %
B v
jé i

P
I g

\L%ars worked
09 9 ﬁ §
o% I 15*
p <

+Years worked was noi recorded for one |nd|V|duaI.

OO —
PN

Table 4 Cohort oftalc miners and millers (1975): comparison of exposure and smoking variables
Talc years No FVC% FEV% FEVIFVC MMEF%

i i ik i kg X
Cwent smokers

« B §F & B & &

E%mokers

- B3 W OB b B

Non-smokers

N
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Table 5 Cohort of talc miners and millers (1975): smoking and exposure variables by x-ray examination

X-ray abnormalities No

Srggsg%tnd opacities EE

Years smoked

&
v

Vlesi for difference in mean values.

resen
Small irreqular opacities
sent[g P
resen
p*

abnormality, but only a third of these abnormalities
were diffuse {garenchymal opacities or Rleural
abnormalities, Talc years was associated with both
small rounded and irregular opacities while smokmg
was not. Five of the 12 subjects with small rounde
opacities had never smoked cufa_rettes (table 5). Ten
subjects had pleural abnormalities; four had blunt-
Ing"of the costophrenic anlgles bilaterally, four
pleural plaques and diffuse pleural thickening, and
In two the only pleural abnormality was an ill-
defined d|aphragim. None of the ra_dloqraphlc changes
reported In table 5 correlated with the pulmonary
function results. _ o

Longitudinal  evaluations—Few  longitudinal
studies of pulmonary function in normal populations
have been reported. Several of those Which used
water-filled spirometers report a range of expected
annuab%ecrerﬂents for FEV, oH‘ between 13 and 47
mify 1923 Jn heavy smokers the range Is 25 to 51
mI/E/._The average annual loss of P/ulmonar function
in this study was raised for FEV, (62 ml) but not
agmﬂcantly different from the values reported
above. Table 6 presents exposure and pack year var-
lables compared with annual decrement. Although
pack ){ears and years eme/loyed show a trend with
annual decrement of FEV " current exposure and
talc years do not. Neither the trend present for
change in.FEV and years employed nor pack years
was significant. _ _

Cliniical, symptoms of respiratory disease—On
cross-sectiorial evaluation, those individuals with a
variety of respiratory symptoms appeared to have
impaired Iun? function.”Both pack-years and years
exposed to falc showed a weak correlation “with
symptoms of cough and phlegm. When the _srg]/mp-
toms as reportedin 1975 were compared with the
change in lung function over the subsequent year, no
particular pattern emerged. _

Environmental evaluation—The details of the
enviropmental sampli % aie re?ente in another
P_ai)er.24|nsumma_r , the talc was found to be essen-
ially free from silica and asbestos. Exposure levels
werg found to be below 3 0 mg/m3of respirable dust

Pack years
i
i

Talc years

s
Wi

Years employed

B
<J(}-:§01

it

j 6 Cohart of talc miners and m'bllers 8 975 ang

'SRl
| R b
o
AT

and the geometric mean exposure for the population
was 1-8 ‘mg/m3of respirable dust.

Discussion

Exposure to talc (free of ashestos and silica) has
been suggested as a causg of obstructive pulmonary
effects N smokers, 10" The results of the cross-
sectional portion of this stud¥ are consistent with
this suggestion, but a clear confirmation was lacking.
After agjusting for cigarette smoking the two-wa
analysis of variance did show an efféct in the hig
talc Years group but this was not significant, Expo-
sure’to talt was associated with small opacities on
chest radiographs while _smoklng was not. _
The medium cumulative dust level for the high
exposure g_roup was 138 tal% l}/ears accumulatéd
over a median of nine years. Thus the annual expo-
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syre for this group was about 1-5 mg/m3. Exposure
effects of the magnitude reported here in associatign
with_this level “of exposure could be medically
significant after a full working life. Since the study
roup had worked °”|K a quarter of a working life
?me lan nine years) this suggests that the current
hreshhold limit value which 1S greater than 5 mg/m3
should be re-evaluated if the ‘pulmonary function
effects noted in cigarette smokers in this study are to
be_prevented.
he annual loss in FEV, and FVC seen in the
prospective portion of the study suggests that these
workers are Iosmgz pulmonary function at a rate
greater than expected. This loss, however, does not
correlate with current levels of exposure to talc dust
Unfortunately, the follow-up interval is short and
the overaII ra e of exposures within this stud
-0 ﬂ be oo narrow to eect
exp(lesgtrleJ rteldted effects with such a small study
Effects on pulmonary function in non-smokers
was not assomated with lifetime or current talc
exposure after a relatively short average years em-
ed (8-5 years). Longer follow-up”is”desirable
efore concluding there is no effect of talc on non-
smokers at this lével of exposure.
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