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INTRODUCTION

Industrial and consumer applications of lalc and associated mineralg are wide-
spread. Talc is used in such industrial applications as filers in asphalt, paper,
rubber, ceramics, paints and plastics. Also, uses include various dusting applica-
tions to prevent adhesion, and as & parting agentin molding operations. Consumer
applications include its use s a il for pill, tablets, as a cosmetic taicum, andin
some countries as a coating for polished rice (Blejer and Aron, 1973; U.S. Dept. of
Int, Bur. of Mines, 1975).

A dichotomy has been identified in the classification of “talc": asbestiform
“talc’, including anthophylte, tremolite and/or chrysotile, and non-asbestiform talc.
Early studies do not recognize this dichotomy and the potential for differing health
effects.

The first reported case of “talc” pneumoconiosis was described by Thorel
(1896). Since then, studies of asbestiform talcs have repeatedly shown their assoc-
alion with progressive pneumoconiosis both amang miners and millers (Dreesen
and Della Valle, 1935; Porro et al,, 1942; Siegal et al, 1943; Kleinfeld et al., 1955).
Anincreased risk of respiratory tract cancer among miners and milfers exposed to
talc containing anthophylite andor tremolte has alsobeen demonstrated (Kleinfeld
efal, 1967, Kleinfeld et al,, 1974).

Until only recently there has been a paucty of epidemiologic data about
workers exposed to talc fre of both asbestiform minerals and significant quantities
of free crystaline siica. Studies of industrial populations exposed to these talcs
present conflicting resuls. In Italy, workers exposed to such tales, beth during its
extraction and industrial use, demonstrated a pneumeceniosis, diagnosed by roent-
genographic evidence, that was reported to affect neither respiratory function nor
working capacity {Maranzana et al, 1963; Scansett et al, 1963a; Scansetti ef al,
1963b). Subsequently a mortality study by Rubino et al. (1976} found that miners
exposed to similar ores demonstrated an increased risk of pneumonconiosis mortal-
ity which the authors attibutedto exposure to crystaline siica. However, Fine et al.
(1976), in a cross-sectional study of rubber workers performing dusting operations
with talc low in asbestos fiber and free silica content, demonstrated progressive
dncrements in pulmonary function associated with increasing duration and magni-
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Other authors had previous| il
! y suggested such a possi
only /(\Mlllman, 1947, Seeler et al,, 1959). P st on cse e
S a result of unanswered questions concernin iCi
 afesul red. g the toxicity of talc free of
gscbcﬁ’tgg(r]r:ar;wgz;atlys anéi Ps;gn;f;]cant Quantities of free silica, the National Institutg(f)ct)?
' and Health undertook an industry-wide stud i
study, industrial hygiene study and cross-sect v ditiviod
, . udy ana cross-sectional medical examination) of Ve-
mont talcs mesting these criteria (i.e. low free siica and no asbestform m)tr:Zaerg

Thisreport contains an assessm i
ent
tothistale of mortality patterns among the cohort exposed

MORTALITY STUDY
Materials and Methods

Selected for study were all male Caucasian talc workers who h i

ggée;p?hecc)if avfo?lfenrsmi r:h; Vzrmc;n Health Department's annual surve?i bma:zg?n
, Of warks e dusty trades. Out of this group, workers h
following criteria were included in the study cohort: ' ot
were employed in the Vermont talc indus};ry betwegnwj;i?ryw?reg:(l)uizz%?
g?m%eg §1F|1v 969; and 2) were employed a minimum of one year béfore December
co;n aniés Ce companies in three geographic areas were studied: two of these
e, i et o 0
, , e of the initial radiographic examinati
talc warker, the date when twelve months of employment [ ey
1, 1980, whrchever was fater; and was continueg thyrough g:z;m:g? ?;J7§nuary
e Hegcﬂt:}pz{a)t;c;r:g ;r;c:] gggog;aggfn?ate; were obtained from the surve;f reco?ds of
es to permit vital sta -

Irecords were only used to supplement HeaIF:h Departmentt;]/zrf 'ti(i):tlo‘rji%scimpat‘:y
atter were found to be incomplete. et
throuv?la:) it?;usbascenamment of the members of the study cohort was determingd
- g s mTf;]{ 31 , 1975 by means of records maintained by federal, state, and
e v?t : sta? t' is iqcluded sources such as the Social Security Administration,
s istics offices, and state motor vehicle registration fes. For individuals

oca_ted thrlqugh these data sources, otfer data sources, such as city directories
post office mailing cqrrection services, and other local reco}ds were used '
; aggswz:) :E:g of thIIS follow-up program, only 1.0% (Table 1) of the study cohort (4
o was lost to observation. Death certficates were obtained from state
o rttac(;)rds oﬁlces_.for those knpwn to be dead, and causes of death were in-
Img:sae"o re]m,dl.glass‘fled’ by a qualified nosologist, according to the Revision of the
e da ists of Disease and Causes of Death in effect at the time of death.
f1ese Loces were subsequently converted to the 7th Revision.
" ;g;kagfly3|§, thg total study cohort was e;(qmined, and later was classifiedinto
et heas. mlll!ng (225 workers) and mining (163 workers). The worker was
! ave aminimum of one year exposure in the area to qualiy for inclusion.

£se o groups were not mutually exclusive. Forty-seven workers (12% of th
fotal populgt_lon) qualfied for inclusion in both groups. o
s /; en;(rxrj:lgfe(rj] gfaer tt?r?wt} ;icr::)rggug wa: used o obtain person-years of observation
, J-year age groups, 5-yeare

5—yearjatency groups. Latency is the numbergof vgars siynce or)w(ggf :fr leng’r:’upp(:nla;:fj
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TABLE 1. Vermont Talc Study Cohort Status as of December 31, 1975
Study Conort Members
No. %
Known to be alive 298 760
Known to be deceased 90 230
Death Cerfificate obtained 85 217
Death Certficate outstanding 5 13
Not known to be alive or deceased 4 10
392 100.0

cohort and the number expected on the basis of sex, age, race, calendar time, and
cause-specific mortality rates. Since many occupational cohort mortality studies
have used U.S. rates for comparison, this group was used in this study. However,
Vermont rates for the causes of death of interest in this study, non-mafignant
respiratory disease and respiratory cancer deaths, are greater than the U.S. rates.
Therefore, comparisons were made for these causes of deaths withthose expected
using Vermont rates. Cause-specific expected deaths for the study population were
obtained by applying death rates, calculated from yearly tallies of deaths and census
data, to the person-years of observation of the cohor members. The yearly deaths
for the U.S. from 194010 1967 were obtained from the yearly Vital Statistics of the
United States, National Center for Health Stafistics. After 1967, deaths were es-
timated using & inear extrapolation for all causes of death. The Vermont death data
were obtained from all years from 1949 through 1975 from the Vermont Office of
Vital Statistics. U.S. and Vermont population estimates were obtained from the
decennial data of the Bureau of Census, U.S. Department of Commerce. The
midpoints of the five-year calendar periods were estimaled using linear inter-
polation.

Statistical significance (2-lailed) was determined using “Confidence Limits for
the Expectation of a Poisson Variable” (Pearson et al., 1958).

In addition tothe preceeding analyses, other relevant data were examined: The
maost recent radiograph taken for the Vermont Health Department annual surveys
was obtained for workers dying of non-maignant respiratory disease and read for
pneumonoconioss by & member of the panel of radiology consultants of NIOSH
using the UICG/Cincinnati - classification of radiographic appearance of
pneumoconiosis. These radiographs (14" by 17") were read blind, thatis, with no
knowledge of exposure o talc or the underlying cause of death. Readings of 1/0 or
higher were considered consistent with pneumonoconiosis.

Results

As shown in Table 2, atotal of 90 deaths occurred among alalc workers, from

January 1, 1940 through December 31, 1975, as contrasted with 77.32 expected
o itor Amtmemined G 1€ vital ctafictics natterns The disirbution of these
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obtainedby examining chest radiographs of these workers.

TABLE 2. Number of Expected and Observed Deaths b

Through 1975
Cause of Death Expected :
(ICO No., 7th Revision Observed Us
HeartDisease (400-443) 29 292
All Malignant Neoplasms {140-199) 16 1279
Respiratory (160-164) 6 389
Tolal Non-Malignant Respiratory Disease (470-527) ik 367
Infhenza and Preumonia (480-433) 0 1.69
Otter Non-Malignant Respiratory Disease
{170-475,500-527) 1 179
Other Known Causes 2 2794
Unknown 5
All Deaths 90 3%
(SMR) (116)
"Based on 7682.6 person-years.
<001

cohort eccurred in the non-malignant respiratory disease category. This excess, 11
observed versus 1.79 expected, was specific for other non-malignant respiratory
disease, excluding influsnza and preumonia (ONMRD).

Armore detailed analysis of cause-specific mortality by warking groups is shown
in Table 3!, The mortality patterns abserved in this table show that the excess of
total nen-malignant respiratory disease mortalty, and more specifically ONMRD

Mortait, occurs primarily among thosg in the milling group (ONMRD: 7 observed
versus .89 expected).

Asignificant increase in respiratory cancer
miners (5 observed versus 1.15 expected)
nated inthe other group.

Vemont's death rates for non-malignant re

cancer are greater than corresponding rates for the entire U S, Vermont death data
were orly available back to 1949, Consequently, the personi-years o observation
from 1950 thraugh 1975, calculated in the Ifetable analyses described above, were
applied 1o death rates of the United States and Vermont to obtain expected deaths
for the sludy population during that time period, The patterns of statistically signifc-
ant excess mortality were maintained in this comparison. The expected numbers of
deaths for Vermont and the U.S, for ONMRD in millers are 1.33 and 0.86 respec-
fively, versus 7 deaths observed (p<0.01for both). The numberof respiratory cancer
deaths expected inthe miners was 1.22 and 1,09 versus 5 deaths observed (p<005
and p<01, respectively).

It the excess observed of flon-malignant respiratory disease deaths in millers

Was a result of talc exposure. some confirmation of this relationship could be

mortality was observed only among
- No difference of consequence was

spiratory disease and respiratory

These data do not tally with those listedin T,

able 2 dusto the overlap caused bythe definitions of “miner”
and “mier’

y Cause Among Vermant Talg Warkers, 194y 3

- u =4 served an xpedc! aa Y e Mo [ganiela) er 1 (= m r or ore
TABLE 3. Numb of Ob i d £ ted th A T loyed One Year o
s and Miliers o]
[»] s by Caus aong Ve ont Talc Min =3 ™M

1S)
According to Work Area, 1940 Through 187

Miners?

Millers’

Cause of Death
(ICD No.., 7th Revision)

ted
Expected Observed Expecte

Observed

us

us

He;n Disease (400-443)

11.24

15.77

16

4.1

6.28

All Malignant Neoplasms {140-199)

15

.96

Respiratory (160-184)

Total Non-Malignant Respiratory Disease

.23

g4

(470-527)

67

.83

Influenza and Pneumonia (480-493)

Other Non-Malignant Respiratory Disease

(470-475, 500-527)

.56

.89

7

13.38 12 -89

15

Other Known Causes

Unknown

26.58
(128)

34

37.15

All Deaths

(118)

(SMA)

Based on 2865._4 person yvears.

‘Based on 4128.5 person-years.
P<<0.05
*p<20.01



The Vermont Health Department supplied NIOSH with the readable radio- 4
graphs for 8 of the 11 men who died of non-malignant respiratory disease. Of these
eight with readable radiographs, six (75%) had radiographic readings of 2/1 or 3
greater, indicating peumoconiasis. All of these were small rounded opacities, the 4
type usually observed with a non-fibrous exposure, and were generally distributeq 8
throughout the lungs. Two of the 11 ONMRD had prior dust exposure. When these -3
two were excluded, six readable radiographs remain. Of these 83.3% (5) were read %
as 2/1 or greater. Note should be made that these radiographs were taken while the 3

workers were “relatively” healthy, thatis, healthy enough to be actively employed.

Furthermore, this information was supplemented by qualitative radiograph .
readings' recorded by the Vermont Health Department for each annual survey. No 3
discrepancies were found when these were compared to the readings discussed 3
above. The Health Department information included readings for the three deaths 3§
whom radiographs were either missing or unreadable. For the two cases with 3
unreadable radiograph earlier readings were available. Al three cases had radio- %
graphic evidence of pneumoconiosis, according to the Health Department’s physi- 3
cian at the time the radiograph was taken. With this information incorporatedinto the 3
tally, a total of nine of the eleven had radiographic readings consistent with 4

preumaconiesis.

ASSESSMENT OF OCCUPATIONAL EXPOSURES

Analyses of both airbome dust samples and talc buk samples showed taics 3
from all locatons in the mines and mills studied to be similar in composition. No %
asbestos was detected in any of the samples analyzed by either x-ray difraction or 3
analytical electron microscopy. Levels of free siica in talc bulk samples were below 4
0.25% for nearly afl samples and only in occasional air samples was free sifca 3

detectable. Talc Shards and ribbons were seen in talc buk and aibome dust
samples. In addition to the mineral “talc", other minerals present in these ares in
significant quantities include magnesite, chlorite and dolomite in addition to traces of
calcite, biotite, ankerite and phlogopite’.

Todetermine potential differences in the talcs mines and milled by the company
(inthe third geographic location) no fonger in operation, seven samples of talcs were
obtained and analyzed by the same techniques mentianed above, These samples
were found to be free of asbestos contamination and to have a mineral composition
within the range of samples from currently producing operations. The one remaining
company (also, nolonger in operation) was located in the same geographic area as
two of the cumently operating companies.

The historic data on the studied facilties, obtained from the Vermont Health
Department, were not sufficient to calculate cumulative exposure histories for
mingrs and millers. However, they are sufficient to demonstrate that it was nat
uncommon far past exposure levels to both miners and millers to far exceed the
present Qccupational Safety and Health Administration (OSHA) and the Mining

'UICC/Cincinnati ratings were not usad.

*Analyses presented in Boundy, M. Occupational Exposures to Non-Asbestiform Talc in Vermont.
Presented al Gonference on Qccupational Exposures to Fibrous and Particuate Dust and Their Exten-
sion into the Environment. December 6, 1977, Washington, D.C.

Enforcement and Safety administration (MESA) standard of 20 mppcf for nonfibrous
talc (<1%free Sio,) (NIOSH, 1974). )

The talc in one of the closed mines is reported to have had “cobblestones™ of
serpentine rock which were highly tremolitc. In the mining of this talc, these “cob-
hlestones” were avoided and/or discarded. Therefore, miners may have been
exposed to tremoiite, butitis unlikely that the millers from this company were.

Radon daughter levels in Vermont talc mines have been determined by MESA.
Mean levels ranged from trace quantities to 0.12 working levels. Single measure-
ments as high as 1.0 working levels have been measuredin these mines.

NIOSH is currently attempting to identify any possibly confounding workplace
exposures that may have occurred prior to or after employment n the Vermonttalc
industry for those who diec from malignant or non-malignant respiratory disease.
Prior exposures have been identified to some extent by Verrmont Heatth Depariment

Records.

DISCUSSION

The finding of excessive respiratory disease deaths among falc w0(ke;s re-
quires an evaluation of selection bias resutting from application of the criteria fqr
inclusion in the study population. Bias may exist from selection info employment in
this industry and subsequent radiographic examination as talc workers. During the
early years of the program, radiographic examination was not don annqally. There
was no survey of talc workers for six of the first twelve years. During this time, the
iikelihood of missing workers with brief exposure was greater, especially in the
period from 1944 through 1947 when no examinations were done, The bias as-
sociated with radiographic examination appears small as the probabity of examina:
fionincreased with increasing length of employment, As the data were examined by
latency and exposure categories, this bias was accounted for in the apalysgs. Thg
Health Department, inthe mid 1960's, did atiemptfo document those missing in their
surveys. Although the completeness of this documentation is unknown, the follow-
ing information resuted: Of the 178 workers identified during this check, appIoK
mately 27% worked more than one year, but less than 3% worked more than five
years. This supports the theory that those missed by the surveys were, forthe most
part, short term workers. o

To examine the effect of potential selection bias for persons with a predisposi-
tion toward respiratory isease, analyses of ONMRD mortality risk were made
accordingto latency, that is, the time nterval since onset of ntal employmentin the
Vermont talc operations. The mortality patters in millers, demonstrate an observ-
able excess after 15 years of employment (2 observed versus 0.31 expected,
p>0.05) and a statistically significant risk after 30 years (5 obsgrved versus .41
expected, p<0.01). Thislack of an excess priorto 15 years and an increasing excess
beginning after 15 years suggests that there was no selection bias toward less
healthy workers; the data were consistent with other data comparing working
populations with the general population. This phienomenon s known s the “ealthy
worker effect” (Bayliss, et al, 1976; McMichael ef al, 1975). Those who are
employed have lower death rates (are generally more healthy) than the general
population which includes invalid and institutionalized people. This healthy woyker
effect is more promingnt in the years immediately after the workers are hired

(Waxweiler, 1976).



Since pre-employment health screening was not past ractice, itis unfi
selective pb placement (mine versus mill %ccurred gue t% health‘ status ::(ijt:]h
such Tg;éeculon ofoulq not explain the diferent rends observed.
fole of prior employment in other dusty industries can be 1
excluded in the etiology of this non-malignant restgiratory disease de:thes:: n8g|
two workers who died from ONMRD had reported dust exposure prior to workingi
La;:(c}elr:shiséry }(Nh?rb tE:AS; 5wo cases are excluded from analyses, the pattern of anl
ive risk mortality in mi i 3

o <01 ty in millers persists (7 observed versus 0.894

ifthere s truly an association of the statisticaly significant excess of ONMRb
Qeaths with talc expasure, one would expect confirmation of this with an examing
fion of the most recent chest radiographs taken by the Vermont Department
Health_ a part of its annual surveillance of workers in the dusty trades. Th
S:;omanon was supported by the readings as reparted in the resuts section 6f th

gr.
Insufficient historic data are available to estimate cumulative life-time expo-
sures for members of this conort; however, available data show past dust exposur
in the mines and mills to be higher than the present OSHA and MESA expasi
stapdard of 20 mppef. Itis probable that cumulative dust exposures for milkers ow
their wqujng life-time are higher than those of miners as mine operations are Morg ;
spoyadlc in nature than are mil perations (eg. intermitient operations such
dnllmg). Although there may be ather possible factors, the relative differences not
|n.o.bserved versus expected non-malignant respiratory disease deaths in thy
mining and milling populations are consistent with a talc exposure gtiology. At thi
pme, the data for the mines are extremely limited, too limited to make scienti
1ngement as to the presence or absence of an excess non-malignant respirat
disease death risk.

A majority of those workers who died of non-malignant respiratory disease
respiratory cancer, did smoke cigarettes at some time during their lives. Unfortu-
nately, no dgta onthe smaking habitsof the study population, andno precise dataon
the comparison populations are avalable. However, it seems unlikely, due to the
magnrtude of the difference, that the observed excess of non-malignant respiratory
disease deaths is associated only with unusual smoking patems and then only
among talc‘millers. it s equally unlikely that the excess risk of lung cancer foundin
the mners s associated with unusual smoking patterns only in that group. Because
of thehmlted smoking data, no conclusions may be drawn from these mortality data
concerning the possible additive or synergistic effects of smoking and talc dust

EXpOSUre.

SUMMARY AND CONCLUSIONS

The present study demonsirated excessive mrtaity due 10 non-malignant
respralory disease amorg talc mitlers exposed! o a talc free both of ashestilorm
mingrals and significant quantifes of ree siica. Selective bias and other causative
factors d_o not adequately explain the observed excesses, although the possibilty
does exist of an interactive effect between cigaretie smoking and talc exposure.
Rad pg_raphic evidence further support the role of talc exposure free of asbestosand
free silica, in the etiology of the increased risk of non-malignant respiratory disease

among these talc millers.

re levels associated with this excess is unknown

due to the sporadic nature of early sampling of the mills and mines, However, the
past samples are sufficient to demonstrate that it was not uncommon for 'pgst
exposure evels to far exceed the present Qccupational Safety and Health Administ-
ration and the Mining Enforcement and Safety Administration standard of 20 mppcf
for non-fbrous talc (< 1% ree Sioy).

Mortaity pattems observed aré reflective of these early exposure levels. No

judgement can be rmade, from this study, concerning the effects of present day

exposures inthis industry.
The fact that excess lung cancer mortalty was observed for miners and ot

millers, despite prabable higher dust exposures in mil operations, suggest that
additional etiologic agent(s) eiter alone or i combination with talc dust affect ming
workers. The possible role of adon daughter exposures for this cancer mortality risk

cannot be eliminated.

The cumulative talc exposu
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