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Background: This study evaluated mortality among workers at a talc mining and milling 
facility.

Methods: Subjects were white men actively employed between 1948 and 1989 and known 
to have been alive in or after 1950. Analyses assessed cancer mortality during the period 1950­
89 (809 subjects) and non-cancer mortality during 1960-89 (782 subjects).

Results: Comparisons with regional general population death rates for 1960-89 indicated 
that the workers had more than expected deaths from all causes combined [209 observed/160 
expected, standardized mortality ratio (SMR) = 131,95% confidence interval (Cl) = 114-150], 
due mainly to increased mortality from lung cancer (31/13, SMR = 232, Cl = 157-329) and non­
malignant respiratory disease (NMRD) (28/13, SMR = 221, Cl = 147-320). The lung cancer 
excess was concentrated in miners (18/4.6, SMR = 394, C l = 233-622); millers had only a small 
increase (7/5.5, SMR = 128, Cl = 51-263). An excess of NMRD occurred both in miners (10/4.2, 
SMR = 241, C l = 116-444) and in millers (11/4.8, SMR = 227, Cl = 113-407). The median esti­
mated exposure to respirable dust was 511 mg/m3-days for all exposed employees, 739 mg/m3-days 
for mine workers and 683 mg/m3-days for mill workers. Employees with high, compared with 
low, estimated exposure to dust had a rate ratio of 0.5 (Cl = 0.2-1.3) for lung cancer and of 11.8 
(Cl = 3.1-44.9) for pulmonary fibrosis.

Conclusions: Exposure to talc ore dust may not have been responsible for the lung cancer 
excess among these workers but probably contributed to the elevated rate of NMRD, particu­
larly pulmonary fibrosis.
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INTRODUCTION

This study evaluated mortality among workers at an 
industrial grade (tremolitic) talc mining and milling 
facility in upstate New York. Four retrospective 
follow-up studies (Brown and Wagoner, 1978; Stille 
and Tabershaw, 1982; Lamm et al., 1988; Brown et 
a l, 1990) and one nested case-control study of lung 
cancer (Gamble, 1993) previously assessed the 
mortality experience of these workers. The most 
recent of these included observations through 1983

(Brown et al., 1990). The present study extended 
follow-up through 1989 and examined mortality in 
the overall group of workers and in subgroups speci­
fied on the basis of work area, years since hire, years 
worked and estimated cumulative exposure to respir­
able dust. Of particular interest were lung cancer and 
non-malignant respiratory disease (NMRD) mortality 
patterns.

MATERIALS AND METHODS

* Author to whom correspondence should be addressed. 
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Subjects were white men who worked for at least 1 
day at the plant from the start of its operations in 1948 
through to the end of 1989, whose vital status was

mailto:honda@taiiku.tsukuba.ac.jp


576 Y. Honda et al.

known in or after 1950 and who had known birth and 
employment dates. We restricted the study to white 
men because women and black men comprised only 
about 5% of the workforce.

Data files from previous studies, plant personnel 
records and Internal Revenue Service Forms 941 
identified 818 men actively employed at the facility 
from 1948 to 1989 and provided information on 
personal and employment characteristics. We later 
excluded nine men who were lost to follow-up before 
1950, leaving 809 eligible subjects (see below). For 
each job held by a subject, detailed work history infor­
mation included the title, work location and the start 
and termination dates. Information on specific jobs 
was not available for 37 short-term employees (5% 
of 809), who had an average work duration of only 
0.14 yr. We included these men in most analyses, 
counting them as having worked in an unknown plant 
location, but excluded them from cumulative expo­
sure analyses (see below).

Because the quantity and utility of historical 
exposure data available for these facilities were 
limited, we estimated workers’ cumulative expos­
ures. Although we identified 1322 exposure measure­
ments over the 38 yr of the study, they were collected 
by a variety of methods and agencies or organiza­
tions, and measurements were not available for most 
of the work area/year combinations of the study 
period. Thus, we estimated cumulative respirable 
dust exposure estimation for individual subjects from 
a job-exposure matrix consisting of estimates of 
respirable dust concentrations for all work area and 
calendar year combinations throughout the study 
period (Oestenstad et al., 2002).

To develop this matrix we first classified subjects’ 
jobs into one of 12 work areas, specified on the basis 
of similarity in tasks, production activities and respir­
able dust exposure potential. A panel of seven long­
term employees, relying on personal knowledge of 
operations, production records, dust control informa­
tion and historical environmental reports, specified 
time periods during which exposures in each area 
would have been relatively uniform. For each area 
and time period combination they assigned exposure 
scores on a scale from 0 to 10. Because only one 
rater, a long-term supervisor, had personal experi­
ence in both mines as well as in the milling oper­
ations, we decided to use only this rater’s estimates of 
relative exposure levels over time. The use of his 
exposure scores alone, as compared with the average 
of all available scores for work area and time period, 
resulted in slightly, but not significantly, lower 
exposure estimates (Oestenstad et al., 2002). Finally, 
we conducted baseline exposure surveys to determine 
current respirable talc dust concentrations in the work 
areas. Historical respirable dust concentrations for 
each work area/calendar year category were then esti­
mated as the product of the average baseline concen­

tration and the ratio of the time-specific exposure 
score to the baseline exposure score. To validate the 
estimated exposures, we compared them with avail­
able measured historical exposure concentrations.

The final job-exposure matrix contained a total of 
462 work area/year combinations. Estimated average 
respirable talc dust concentrations ranged from 0.1 to 
1.7 mg/m3 for the 11 work areas with non-zero 
exposure. When compared with available historical 
measured concentrations, these estimates had a correl­
ation coefficient of 0.50.

Vital status information came from company 
records, the National Death Index and Pension 
Benefit Information, which maintains mortality data 
from the Social Security Administration death master 
file and other sources. We also used personal contact, 
credit bureau records and linkage with the New York 
Division of Motor Vehicles to determine the vital 
status of some subjects.

The company provided some death certificates. We 
obtained additional death certificates from the State 
of death for subjects who died outside New York. A 
trained nosologist classified the underlying cause of 
death using the Eighth Revision of the International 
Classification of Diseases (ICD) and the coding rules 
in effect at the time of death. For most decedents 
dying in New York, the State provided cause of 
death data from its computerized decedent database. 
We converted the cause of death codes from this 
database, which were coded according to the ICD 
revision in effect at the time of death, to Eighth 
Revision codes.

The standardized mortality ratio (SMR) was the 
measure of association used to compare workers’ 
mortality rates with the rates of the general popula­
tion of the region consisting of the county in which 
the plant was located and five other counties that lay, 
at least partly, within 50 miles (presumed commuting 
distance) of the plant. The combined 1970 male 
population of the six counties was about 185 072 (US 
Bureau of the Censes, 1972). We computed SMRs as 
the ratio of observed to expected numbers of deaths 
multiplied by 100, using the Occupational Mortality 
Analysis Program (Marsh et al., 1998). We obtained 
expected numbers of deaths by multiplying the age- 
and calendar time-specific person-years of follow-up 
of the workers by the corresponding mortality rates 
of the regional white male general population and 
summing over the stratifying variables. We calcu­
lated 95% confidence intervals (CIs) of the SMRs 
assuming a Poisson distribution for the observed 
number of deaths.

Regional general population death rates needed for 
most analyses were available beginning in 1950 for 
cancers and in 1962 for non-cancer causes of death 
(Marsh et al., 1998) and we used 1962-64 rates to 
estimate general population rates for 1960-64. The 
follow-up period for assessing cancer mortality
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began on the hire date or 1 January 1950, whichever 
was later; whereas the follow-up period for assessing 
overall and non-cancer mortality began on the hire 
date or 1 January 1960, whichever was later. Follow­
up ended on 31 December 1989, on the death date or 
on the loss-to-follow-up date, whichever was earliest. 
Analyses of the 1950-89 time period included 809 
men. Analyses of the 1960-89 time period included 
782 men. The 27 exclusions from the 809 subjects 
eligible for the 1950-89 time period were 16 men who 
died before 1960 and 11 who were lost to follow-up 
before 1960.

For certain causes of death, we analyzed subgroups 
specified on the basis of period of hire, years since 
hire, years worked, work area and cumulative dust 
exposure, beginning person-years accumulation on 
the later of the first date in a particular category of 
each variable or on the default follow-up start date 
mentioned above. We combined work areas into five 
non-mutually exclusive groups (mills, mines, min­
imal exposure potential, no exposure potential and 
unknown). We also carried out Poisson regression 
analyses with an internal referent group to obtain 
maximum likelihood estimates of rate ratios (RRs) 
and their 95% CIs (Callas et al., 1990). In the latter 
analyses all models included terms for age (<35, 
35-54, 55-64, 65+) and either years since hire (<10, 
10-19, 20+) or calendar year (1950-59, 1960-69, 
1970-79, 1980-89), as well as for the other occupa­
tional variables of interest. Causes of death examined 
in Poisson regression analyses included: (i) lung 
cancer; (ii) ischemic heart disease; (iii) all NMRD; 
(iv) ‘other NMRD’, excluding pneumonia, influenza, 
asthma, emphysema and bronchitis and including 
chronic obstructive pulmonary disease (COPD) and 
‘pulmonary fibrosis’ (talcosis, pneumoconiosis, 
asbestosis and unspecified pulmonary fibrosis); (v) 
pulmonary fibrosis alone. Other NMRD comprises a 
pathologically heterogeneous group of diseases but 
was examined because it is a standard cause of death 
category in SMR analyses (Marsh et al., 1998).

Poisson regression analyses incorporating expos­
ure to respirable dust included 772 subjects for 
whom exposure estimates were available. For these 
analyses, we specified cumulative exposure categor­
ies as exposure tertiles among exposed decedents in 
the disease group being analyzed, combining the 0 
exposure group and lowest fertile to form the referent 
category. The death certificates of 16 decedents indi­
cated COPD (n = 8) or pulmonary fibrosis (n = 8) as 
a contributory, rather than underlying, cause of death. 
We included these decedents in certain Poisson 
regression analyses.

RESULTS

Of the 782 men included in the analyses of the 
1960-89 time period, 159 (20%) were active

employees at the close of the study and 623 (80%) 
had their employment terminated or retired. Five 
hundred and sixty-seven (73%) were classified as 
alive, 209 (27%) as deceased and six (1%) as having 
an undetermined vital status. Of the 809 men included 
in the analyses of the 1950-89 time period, 159 
(20%) were active employees at the close of the study 
and 650 (80%) had their employment terminated or 
retired. Five hundred and sixty-seven (70%) were 
presumed living, 225 (28%) were deceased and 17 
(2%) had an undetermined vital status. We obtained 
the underlying cause of death information from death 
certificates (n = 134) or from the New York decedent 
file (n = 86) for 220 (98%) of the 225 decedents.

For the 1960-89 time period, subjects had a total of 
15050 person-yr of follow-up, an average of 19 yr 
per man, and median values of 1962 for hire year, 
27 yr for age at hire and 3.0 yr for duration of 
employment. For the 1950-89 time period, subjects 
had a total of 18 048 person-yr of follow-up, an aver­
age of 22 yr per man and median values of 1960 for 
hire year, 27 yr for age at hire and 2.3 yr for duration 
of employment.

Compared with the regional general population of 
white men, the 782 talc workers folio wed-up in 
1960-89 experienced a 31% increase in overall 
mortality, based on 209 observed/160 expected deaths 
(SMR= 131, CI = 114-150) (Table 1). Excesses were 
largest for tuberculosis (3/0.4, SMR = 788, Cl = 163— 
2303), all cancer (53/35, SMR = 151, Cl = 113-198) 
and NMRD (28/13, SMR = 221, Cl = 147-320). 
There were about 10% more deaths than expected 
from ischemic heart disease (69/63, SMR = 110, Cl = 
86-139).

The overall increase in NMRD deaths was not 
limited to a particular form of respiratory disease but 
was greatest for other NMRD (COPD and fibrosis) 
(17/5.7, SMR = 291, Cl = 173-475). This category 
included chronic obstructive pulmonary disease (n = 
10), asbestosis (n = 1), pneumoconiosis (n = 5) and 
chronic pulmonary fibrosis (n = 1 ).

The excess of cancer deaths during the 1950-89 
follow-up period (54/37, SMR = 146, Cl = 110-191) 
(Table 2) was similar to that in 1960-89 and was 
attributable mainly to increased mortality from respir­
atory cancer (34/14, SMR = 239, Cl = 165-334), 
including lung cancer (31/13, SMR = 232, Cl = 157— 
329) and larynx cancer (2/0.6, SMR = 316, Cl = 38­
1142). The death certificate for the remaining respira­
tory cancer decedent indicated that he had ‘adeno­
carcinoma of the mediastinum’. There were several 
more deaths than expected from lymphohemato- 
poietic cancer (7/3.7, SMR = 192, Cl = 77-395). This 
category included two decedents with non-Hodgkin’s 
lymphoma, two with Hodgkin’s disease, two with 
leukemia and one with multiple myeloma. Deced­
ents’ death certificates reported two deaths from 
mesothelioma. New York nosologists had coded one
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Table 1. Observed and expected numbers of deaths, SMR and 95% Cl by cause of death (1960-89, 782 subjects, 15 050 person-yr)

Observed/expected SMR 95% Cl
All causes 209/160 131 114-150
Tuberculosis 3/0.4 788 163-2303
All cancer 53/35 151 113-198
Cerebrovascular disease 6/8.8 68 25-148
Rheumatic heart disease 2/1.1 175 21-633
Ischemic heart disease 69/63 110 86-139
Hypertension 2/0.9 224 27-807
Other heart disease 5/4.6 108 35-252
Non-malignant respiratory disease (NMRD) 28/13 221 147-320
Influenza and pneumonia 7/3.8 185 74-381
Bronchitis, emphysema, asthma 4/3.3 122 33-312
Other NMRD* 17/5.7 297 173-475
Cirrhosis of liver 5/3.7 137 44-319
External causes of death 16/15 104 60-169
Other known causes 16/18 89 51-144
Unknown causes 4

aObserved number includes chronic obstructive pulmonary disease (n = 10) and pulmonary fibrosis (n = 7).

Table 2. Observed and expected numbers of cancer deaths, SMR and 95% Cl (1950-89, 809 subjects, 18 048 person-yr)

Observed/expected SMR 95% Cl
All cancer 54/37 146 110-191
Digestive organs and peritoneum 10/9.9 102 49-187
Stomach 2/1.4 144 17-520
Colon and rectum 2/4.8 42 5-150
Respiratory system 34/14 239 165-334
Larynx 2/0.6 316 38-1142
Lung 31/13 232 157-329
Lymphatic and hematopoietic tissue 7/3.7 192 77-395
Other cancer 3/9.3 32 7-95

Table 3. Observed and expected numbers of deaths, SMR and 95% Cl for selected causes of death by year of hire (1960-89 for 
causes other than cancer, 1950-89 for cancer)

Hired before 1955 Hired after 1955
Observed/expected SMR 95% CI Observed/expected SMR 95% a

All causes 169/113 150 128-174 40/47 85 61-116
All cancer 46/27 172 126-229 8/10 79 34-155
Cancer of the lung 28/9.8 286 190-414 3/3.6 83 17-242
Ischemic heart disease 56/46 122 92-158 13/17 77 41-132
Non-malignant respiratory 
disease (NMRD)

23/9.5 242 153-363 5/3.1 160 52-373

Other NMRD 15/4.2 355 199-586 2/1.5 133 16-479

of these as ICD code 212 (benign neoplasm of the 
respiratory system) and the other as ICD code 162.9 
(malignant neoplasm of bronchus and lung, unspeci­
fied), despite specific mention of mesothelioma.

Increases in mortality from all causes combined, 
all cancer, lung cancer and ischemic heart disease

were limited to men hired before 1955 (Table 3). This 
subgroup had 28 lung cancer deaths compared with 
9.8 expected (SMR = 286, Cl = 190-414), whereas 
men hired in or after 1955 had three deaths compared 
with 3.6 expected. For all NMRD and for other 
NMRD, both period-of-hire subgroups experienced
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Table 4. Observed and expected numbers of deaths, SMR, RRa and 95% Cl for selected causes of deaths by years since hire and 
years worked

Years since Years 
hire worked

Lung cancer Ischemic heart 
disease

Non-malignant Other NMRD
respiratory disease
(NMRD)

<20 <5 Observed/expected 3/2.4 11/13.2 5/2.2 2/0.7
SMR (Cl) 126 (26-370) 83 (42-149) 224 (73-524) 294 (36-1062)
RR (Cl) 1 .0 b 1 .0 b 1 .0 b 1 .0 b

<20 5+ Observed/expected 2/1.6 9/8.8 2/1.4 2/0.5
SMR (Cl) 126 (15-454) 103 (47-195) 140 (17-506) 417 (51-1507)
RR (Cl) 1.0 (0.2-5.9) 1.3 (0.5-3.1) 0.6 (0.1-3.1) 1.4(0.2-10.2)

20+ <5 Observed/expected 19/5.8 30/23.6 11/5.0 7/2.6
SMR (Cl) 331 (199-516) 127 (86-181) 222(111-397) 271 (109-558)
RR (Cl) 3.0(0.7-11.8) 2.0 (0.9-4.5) 1.2 (0.3-4.1) 1.4 (0.2-8.8)

20+ 5+ Observed/expected 7/3.7 19/17.2 10/4.0 6/2.0
SMR (Cl) 190 (76-392) 111(67-173) 248 (119-456) 302(111-657)
RR (Cl) 1.8 (0.4-8.1) 2.0 (0.8—4.7) 1.6 (0.4—5.9) 1.8(0.3-11.8)

aRR for each category of years since hire and years worked adjusting for age (<35, 35-54, 55-64, 865) and calendar year (1960­
69, 1970-79, 1980-89).
bRefeient category for the RR for each category of years since hire and years worked computed using the subgroup with <20 yr 
since hire and <5 yr worked as the referent.

Table 5. Observed and expected numbers of deaths, SMR, RR and 95% Cl for selected causes of deaths by non-mutually exclusive 
work area, (1960-89)

Work area (no. of subjects) Lung cancer Ischemic heart 
disease

Non-malignant Other NMRD
respiratory disease
(NMRD)

Mills (n = 379) Observed/expected 7/5.5 31/26 11/4.8 6/2.3
SMR (Cl) 128(51-263) 122(83-173) 227 (113-407) 266 (98-579)
RR a (Cl) 0.6 (0.2-1.8) 1.2 (0.6-2.3) 0.9 (0.3-2.5) 1.2 (0.3—4.4)

Mines (n = 311) Observed/expected 18/4.6 23/22 10/4.2 8/1.84
SMR (Cl) 394(233-622) 104 (66-156) 241 (116-444) 434(189-856)
RRb (Cl) 2.1 (0.8-5.5) 1.1(0.6-2.1) 1.0 (0.4-2.7) 2.0 (0.6-7.2)

Minimal exposure (n = 182) Observed/expected 3/3.9 13/22 9/4.6 5/2.0
SMR (Cl) 77 (15-224) 60 (32-102) 194 (89-369) 255 (83-596)

No exposure (n ~ 87) Observed/expected 3/1.1 4/6.6 2/1.3 1/0.5
SMR (Cl) 281(58-821) 60(16-154) 158 (19-572) 217 (5-1207)

Unknown area (n = 67) Observed/expected 2/1.3 7/6.4 3/1.2 3/0.6
SMR (Cl) 151 (18-547) 109(44-225) 242 (50-708) 546 (113-1597)

aRR for mill workers compared with all other employees, adjusting for age, calendar period and employment in mines. 
bRR for mine workers compared with all other employees, adjusting for age, calendar period and employment in mills.

increased mortality, but the larger increase occurred 
in men hired before 1955 (all NMRD, 23/9.5, SMR = 
242, Cl = 153-363; other NMRD, 15/4.2, SMR = 
355, Cl = 199-586). Men hired in or after 1955 had 
five NMRD deaths compared with 3.1 expected.

In analyses of mortality patterns by years since hire 
and years worked, data on lung cancer, all NMRD 
and other NMRD were sparse for the subgroups with 
<20 yr since hire (Table 4). In the subgroup with 
20+ yr since hire, there was some suggestion that 
SMRs and RRs increased consistently, although 
weakly, with increasing length of employment for

NMRD. This was not seen for lung cancer or for 
ischemic heart disease.

Among the 782 men included in analyses of the 
1960-89 time period, 48% had worked in the talc 
mills for a median of 1.8 yr, 40% had worked in the 
mines for a median of 2.0 yr, 23% had worked in 
areas involving minimal exposure for a median of 
1.7 yr and 11% had worked in areas involving no 
exposure to talc for a median of 10 months (Table 5). 
A total of 67 subjects (9%) had spent a median of less 
than 3 months in an unknown work area.

The overall excess of lung cancer was concentrated 
among men ever employed in the mines (18/4.6,
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SMR = 394, CI = 233-622) (Table 5). In contrast, 
mill workers had only a small increase in lung cancer 
(7/5.5, SMR = 128, CI = 51-263). Overall NMRD 
mortality was elevated both in mill workers (11/4.8, 
SMR = 227, CI = 113-407) and in miners (10/4.2, 
SMR = 241, CI = 116-444). Other NMRD deaths 
were also elevated in mill workers (6/2.3, SMR = 
266, CI = 98-579) and in miners (8/1.8, SMR = 434, 
CI = 189-856). Results of Poisson regression ana­
lyses were consistent with these patterns. Some of the 
other work area groups had slight increases in deaths 
from lung cancer and/or NMRD, but these results 
were based on small numbers. Mutually exclusive 
work area analyses confirmed these patterns (data not 
shown). For example, the SMR for overall NMRD 
was 257 (11/4.8, CI = 128-460) for men employed in 
mills but never in mines and was 277 (10/3.6, CI = 
133-510) for men employed in the mines but not 
the mills. For ischemic heart disease, there were 
22% more than expected deaths among mill 
workers (31/26, SMR = 122, CI = 83-173) and 40% 
fewer than expected deaths in the group with minimal 
exposure potential (13/22, SMR = 60, CI = 32-102). 
Other work area groups had trivial differences in 
observed and expected numbers of deaths in this 
disease category.

Among 772 men with work history information 
adequate for estimating exposure to respirable dust, 
the median estimated cumulative dust level was 
511 mg/m3-days for all exposed subjects combined, 
739 mg/m3-days for men ever employed in mines and 
683 mg/m3-days for men ever employed in mills 
(Table 6). Among exposed decedents, the median 
estimated cumulative respirable dust exposure was 
520 mg/m3-days for all decedents combined, 347 mg/ 
m3-days for men with lung cancer, 376 mg/m3-days 
for men with ischemic heart disease, 888 mg/m3-days 
for men with any form of NMRD as the underlying 
cause of death, 1199 mg/m3-days for men with other

NMRD as the underlying or a contributing cause and 
3759 mg/m3-days for men with pulmonary fibrosis as 
the underlying or a contributing cause. Thus, esti­
mated cumulative exposure was 33% lower for lung 
cancer decedents and over seven times higher for 
decedents with pulmonary fibrosis than for the 
overall group of decedents.

Duration of employment in exposed jobs, rather 
than average intensity of exposure, was the primary 
determinant of estimated cumulative exposure. Among 
the exposed, the median average daily exposure 
intensity was 0.7 mg/m3 for all subjects, 0.9 mg/m3 
for all decedents, and 0.9 mg/m3 for persons dying of 
lung cancer, IHD and all categories of NMRD. Most 
subjects’ average exposure intensity fell within a 
narrow range. For example, the proportion with esti­
mated average exposure intensities between 0.8 and 
1.1 mg/m3 was 65% for lung cancer decedents, 63% 
for decedents with other NMRD as the underlying or 
contributory cause of death and 65% for decedents 
with pulmonary fibrosis as the underlying or contribu­
tory cause of death.

Poisson regression analyses indicated that there 
was an inverse association between estimated cumu­
lative respirable dust exposure and lung cancer, with 
an RR of 0.5 (CI = 0.2-1.3) for men in the highest 
cumulative exposure fertile compared with men in 
the lowest fertile (Table 7). Ischemic heart disease 
was not associated with dust exposure. For the series 
of all NMRD coded as the underlying cause of death, 
the RR was elevated in the two higher tertiles of esti­
mated cumulative respirable dust exposure as 
compared with the lowest exposure fertile, but the 
dose-response pattern was irregular. In contrast, 
when the analysis was limited to other NMRD (i.e. 
excluding pneumonia, influenza, emphysema, asthma 
and bronchitis) and expanded to include those with 
other NMRD as a contributory cause of death, the RR 
increased regularly with increasing cumulative

Table 6. Median estimated cumulative exposure to respirable dust among selected subgroups of 772 subjects with adequate work 
history data

Group (median years worked) Number Percent
exposed

Median cumulative exposure 
among exposed (mg/m3-days)

All subjects (2.6) 772 96 511
Mill workers, ever (3.0) 389 100 683
Mine workers, ever (3.6) 331 100 739
All decedents (2.3) 213 94 520
Ischemic heart disease (2.4) 70 94 376
Lung cancer decedents (1.0) 29 90 347
All non-malignant respiratory disease (NMRD) decedents4 (2.3) 27 96 888
Other NMRD decedents*1 (8.3) 30 100 1199
Pulmonary fibrosis decedentsb (11.8) 17 100 3759

aNon-malignant respiratory disease as the underlying cause of death. 
bNon-malignant respiratory disease as the underlying or a contributory cause of death.
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Table 7. RR and 95% Cl for selected causes of death by tertilea of cumulative respirable dust exposure, adjusted for age and years 
since hireb

Cause of death Cumulative exposure 
(mg/m3-days)

Deaths Person-yrb RR 95% Cl

Lung cancer
0—<95.1 h 2625 1.0 C

95.1—<987.0 9 2660 0.8 0.3-1.9
987.0+ 9 3796 0.5

df=  12, D = lLó1*
0.2-1.3

Ischemic heart disease 0—<131.8 25 3931 1.0 C

131.8-<2456.8 23 5083 0.7 0.4-1.2
2456.8+ 22 2927 1.0

df=  19, D=  17.7
0.6-1.8

All non-malignant respiratory disease 0-<488.8 9 6023 1.0 C

(NMRD) (underlying)
488.8-<2554.7 9 3058 2.2 0.9-5.6
2554.7+ 9 2860 1.6

df=  19, D=  14.0
0.6-4.1

Other NMRD (underlying/contributory) 0—<519.7 10 6124 1.0 C

519.7—<4110.5 10 3948 1.8 0.8—4.4
4110.5+ 10 1869 2.1

df = 19, D=  17.5
0.9-5.1

Pulmonary fibrosis (underlying/ 0-<863.3 5 6990 1.0 C

contributory)
863.3-<7529.6 6 4437 2.2 0.1-1 A
7529.6+ 6 514 11.8

df=  16, D=  14.0
3.1—44.9

■'Tertiles are based on the cumulative exposure distribution of cases in the cause of death category.
bAge categories were 35-54,55-64,65+ yr for all disease groups evaluated. Years since hire categories were <10, 10-19 and 20+ 
for ischemic heart disease, all NMRD, other NMRD and pulmonary fibrosis and were 10-19 and 20+ for lung cancer.
“Referent category for the RR.
ddf, model degrees of freedom; D, model deviance.

exposure and was 1.0, 1.8 (Cl = 0.8-4.4) and 2.1 
(Cl = 0.9-5.1) for the lowest, middle and highest 
tertiles, respectively. The RR also increased with 
increasing exposure for pulmonary fibrosis and was 
1.0, 2.2 (Cl = 0.7-7.4) and 11.8 (3.1^14.9) for the 
lowest, middle and highest tertiles, respectively.

DISCUSSION

Many of the mortality patterns seen in the present 
study were similar to patterns reported previously for 
workers at the same plant (Brown and Wagoner, 
1978; Stille and Tabershaw, 1982; Lamm et al., 
1988; Brown et al., 1990; Gamble, 1993). Compared 
with the regional general population, the employees 
experienced increased mortality rates for most 
diseases, particularly for lung cancer and NMRD. 
Men hired in 1955 or later had mortality rates that 
were similar to regional population rates for disease 
categories other than NMRD, including all causes, all 
cancer and lung cancer. These results could be inter­
preted as indicating that any exposure at the plant 
related to lung cancer or conditions except NMRD

was removed or controlled effectively by the mid 
1950s. However, data on subjects who began 
working in or after 1955 were too imprecise to 
exclude the possibility of a continuing small excess 
of deaths from all causes combined or a moderate 
lung cancer increase. Furthermore, subjects hired in 
or after 1955 have had a shorter period of time for the 
expression of exposure-related diseases with long 
induction times. Thus, additional follow-up will be 
required to determine if these subjects are free of 
excess disease.

The lung cancer excess in the overall study group 
was moderately strong and was concentrated in the 
follow-up period 20 or more yr since hire, results that 
suggest that some aspect of employment at the plant 
may have been associated with lung cancer. In a 
nested case-control study of 22 of the 31 lung cancer 
decedents identified in the present study, Gamble 
(1993) reported that all of the lung cancer cases and 
73% of employee controls had been smokers. These 
smoking prevalences are high, but it is unlikely that 
the entire moderately strong lung cancer excess, 
particularly the nearly 4-fold increase among miners,
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was attributable to smoking (Blair et al., 1995). 
However, several observations from the present 
study indicate that exposure to talc at the facility may 
not have been responsible for the excess.

First, although men who worked in the under­
ground mine, which is a high talc dust exposure area, 
experienced a greater than 4-fold increase in lung 
cancer, we found little evidence of an increase among 
mill workers, a group with similar exposure. In 
addition, the estimated dust exposure was low for 
lung cancer decedents compared with other workers 
and internal analyses of lung cancer rates by cumu­
lative exposure indicated an inverse relationship. 
These findings do not support the hypothesis that 
talc dust at this facility has a carcinogenic potential 
similar to that of asbestos, which typically produces a 
moderate to strong positive dose-response relation­
ship (Seidman et al., 1986; Goodman et al., 1999). 
Also, because internal analyses should be minimally 
subject to confounding by non-occupational expos­
ures, the absence of a positive dose-response pattern 
does not support the hypothesis that the talc ore of the 
plant per se is a lung carcinogen.

Studies of other occupational groups have not 
provided evidence that talc ore causes lung cancer. A 
study of 389 Norwegian talc miners and millers 
exposed to non-asbestiform talc with low quartz 
content indicated no excess lung cancer incidence 
(6 observed/6.9 expected) (Wergelund et al., 1990). 
Another investigation found a lung cancer deficit 
among Italian talc miners and millers exposed to non- 
asbestiform talc (12 observed/23 expected) (Rubino 
et al., 1976, 1979). In that study, miners, who were 
exposed to silica as well as talc, experienced a 3-fold 
increase in NMRD deaths, whereas the millers, who 
had low silica exposure, did not experience such an 
excess. Straif et al. (2000) reported that German 
rubber industry workers with high talc exposure 
(>10 yr of high exposure versus <0.5 yr of medium 
and high exposure levels combined) had increased 
lung cancer mortality (RR = 1.9, Cl = 1.1-3.1); 
however, the results were not controlled for exposure 
to other raw materials present in the work environ­
ment or for smoking histories.

In recently published follow-up studies, Wild et al. 
(2002) found small lung cancer mortality increases 
among talc miners and millers in France who contrib­
uted person-years after 1968, the earliest year for 
which local mortality comparison rates were avail­
able (SMR = 123, Cl = 76-189), and among a smaller 
group of workers in Austria (SMR 106, Cl = 43­
219). A case-control study of lung cancer, nested 
within those study groups, used semi-quantitative 
cumulative exposure estimates and adjusted for 
smoking. There was no evidence of an association 
between lung cancer and cumulative exposure to talc 
dust. Subjects in the highest cumulative exposure 
category (>800 mg/m3-yr) had a lung cancer odds

ratio of 0.60 (Cl not reported). Smoking data were 
missing for about 35% of cases, but among those for 
whom they were available only one was a non­
smoker.

Because of the high non-asbestiform amphibole 
content of the ore and dust at the facility investigated 
in the present study, research on other workers 
exposed to amphiboles is particularly relevant to our 
findings (Wylie et a l, 1985, 1993; Kelse and 
Thompson, 1985; US Department of Labor, 2000). 
Retrospective follow-up studies of workers exposed 
to taconite, which contains the non-asbestiform 
amphibole cummingtonite-grunerite, reported no 
association with lung cancer or NMRD (Higgins et 
a l, 1983; Coopererà/., 1992). Investigations of gold 
miners exposed to silica, in addition to cumming- 
tonite-grunerite and small amounts of tremolite- 
actinolite, found an increase in NMRD deaths but no 
excess of lung cancer (McDonald et a l, 1978; Brown 
e ta l, 1986).

In addition, several animal studies have evaluated 
the carcinogenicity of non-asbestiform amphiboles, 
talc per se and individual components of the talc ore 
found at the study facility (Wagner and Berry, 1969; 
Pott et a l, 1974; Smith et a l, 1979; Stanton et al, 
1981; McConnell et al, 1983; Davis et a l, 1991). 
Results of these studies indicated that non-asbesti­
form amphibole minerals in general and talc ore in 
particular did not increase the incidence of tumors, 
whereas asbestos was carcinogenic under the same 
experimental conditions (Wagner and Berry, 1969; 
Pott et a l, 1974; Smith et a l, 1979). Both talc and 
asbestos are cytotoxic in cell culture; however, 
asbestos, but not talc, has demonstrated proliferative 
potential in some cells (Wylie et a l, 1997).

NMRD mortality patterns differed from those seen 
for lung cancer in several respects. NMRD was 
elevated both among subjects hired before 1955 and 
among subjects hired in 1955 or later, although the 
increase in the latter group was based on small 
numbers. NMRD was increased both among miners 
and among mill workers and was positively associ­
ated with increasing duration of employment. More­
over, NMRD decedents with pneumoconiosis or 
interstitial lung disease, the group most likely to 
include dust-related disease, had a median cumu­
lative dust exposure that was eight times higher than 
the corresponding values for the overall study group. 
Internal comparisons indicated a positive relation 
between estimated cumulative dust levels and this 
category of NMRD.

As with lung cancer, patterns of smoking and occu­
pational exposures in jobs before and after those held 
at the study facility may explain some of the overall 
excess of NMRD seen in our analyses. The observa­
tion of elevated SMRs among short-term workers is 
consistent with this interpretation. In addition, pre­
employment records were available for 25 of the 28
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men who had NMRD as the underlying cause of 
death. Of these, 20 had worked in other mining oper­
ations before starting work at the talc facility under 
study. Exposures sustained in these other mining 
operations are likely to have contributed to the devel­
opment of respiratory disease. Similarly detailed 
non-facility work histories were not available for 
subjects who died of causes other than cancers and 
respiratory disease. The impact of potential 
confounding by such factors should have been 
reduced in internal analyses. Similarly, any observa­
tion bias due to selective reporting of NMRD on the 
death certificates of deceased talc workers should 
have been lower in the internal analyses than in the 
external analyses. On balance, the positive associ­
ations seen in these analyses support a causal associ­
ation between exposure to the talc ore dust at this 
plant and NMRD. The fact that we observed excess 
NMRD mortality when our exposure estimates 
suggested concentrations of respirable talc dust lower 
than the current threshold limit value of 2 mg/m3 is of 
concern (Oestenstad et al., 2002). However, because 
workers may have sustained exposures in other jobs 
that contributed to the etiology of NMRD, doubt 
remains about the hazard associated with talc dust 
levels of <2 mg/m3.

The results of the studies of French and Austrian 
talc miners and millers support the findings of the our 
investigation (Wild et al., 2002). The French study 
group had a slightly elevated SMR for all NMRD 
that was due to a significant excess of deaths from 
pneumoconiosis (SMR = 556, Cl = 112-1620). No 
excess was observed in the Austrian study group 
(NMRD, 1/3.7; pneumoconiosis, 0/0.1). The nested 
case-control study of NMRD reported increased 
mortality in the highest exposure group (odds ratio =
2.5 for cumulative exposures >800 mg/m3-yr, Cl not 
reported) with a statistically significant trend (odds 
ratio = 1.1, Cl = 1.0-1.2) that was similar when 
analyses were restricted to pneumoconiosis cases and 
their controls but was not present in analyses of 
chronic obstructive pulmonary disease.

In our study, comparisons of the employees with 
the regional general population indicated a slight 
increase in ischemic heart disease deaths. Ischemic 
heart disease rates were not, however, associated 
consistently with employment duration, time since 
hire or cumulative exposure to respirable dust. Other 
results included a small increase in deaths from 
lymphohemopoietic cancer, based on 7 observed and
3.5 expected deaths. The latter deaths were not 
limited to any particular subtype of lymphohemo­
poietic cancer and it is likely that the increase was 
due to chance or to confounding by an unidentified 
factor.

The occurrence of two deaths from mesothelioma 
is difficult to interpret. Of the two men with meso­
thelioma, one worked at the talc facility for 15 yr, had

a relatively high cumulative exposure and died 15 yr 
after starting work at the talc facility. His previous 
employment history (obtained by querying next of 
kin) included 16 yr as a carpenter and millwright, 8 yr 
as a lead miner and 5 yr as a repairman in a milk 
plant. The other decedent with mesothelioma worked 
only briefly at the facility as a draftsman during mill 
construction in 1948-49. His job would have entailed 
minimal exposure to talc dust. He previously had 
worked for several years on the construction of 
another talc mine and he subsequently installed and 
repaired oil burning heating systems and delivered 
fuel oil. Although medical records that we obtained 
for this subject reported no history of asbestos 
exposure, he may have been exposed from the insu­
lating materials in his fuel oil business. Experimental 
animal studies of the talc ore of the study facility 
have not observed pleural tumors (Stanton et al., 
1981). For this reason, and because of the short 
amount of time between first exposure and death of 
the first case and the low exposure of the second case, 
it is unlikely that either of the two mesotheliomas was 
due to talc ore dust.

Compared with previous investigations of the same 
workers, the present study had several advantages. 
These included longer follow-up, larger size, analy­
ses by work area and estimated cumulative exposure 
to respirable dust, comparisons of subjects’ mortality 
rates with regional general population rates and use 
of an internal referent group in some analyses.

Limitations of our study included the exclusion 
from analyses of work areas and cumulative dust 
exposure of a small proportion (6%) of subjects 
because work histories were unavailable. Most of 
these subjects were short-term workers whose cumu­
lative exposure would have been low. Potential 
misclassification of subjects by cumulative exposure 
was inherent in the exposure estimation approach 
used for the study (Oestenstad et al., 2002). 
However, because we developed the work area/time 
period exposure estimates using procedures that did 
not involve any reference to disease outcome, 
misclassification errors should have been non-differ­
ential, blunting any true dose-response relation. 
Another limitation of exposure estimation was our 
lack of information on subjects’ peak exposure inten­
sities and exposure to respirable fibers, either of 
which might be more biologically relevant than cumu­
lative exposure. Although we intended to examine 
the joint effects of duration and intensity of exposure, 
average daily intensity scores showed little variabil­
ity.

We also lacked comprehensive information on 
potential confounders such as cigarette smoking and 
other occupational exposures. Because data on the 
smoking habits of subjects were unavailable, we 
cannot rule out the possibility that the lung cancer 
and NMRD patterns observed were due, at least in
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part, to heavier and/or more prevalent smoking by the 
subjects than by the comparison population. The 
recent study of French and Austrian talc workers 
suggests that the prevalence and role of smoking may 
be dissimilar in subjects with NMRD and those with 
lung cancer (Wild et a l, 2002). Similarly, work in 
other mining operations and construction jobs may 
have contributed to the respiratory disease mortality 
patterns observed.

Some misclassification of NMRD, resulting both 
from difficulties with the clinical diagnosis of various 
respiratory diseases and with the possible overlap 
between NMRD and cardiovascular disease, may 
have occurred. In addition, NMRD that was present 
at death may not be mentioned on the death certifi­
cate. If the tendency to list NMRD as a cause of death 
is greater for talc worker decedents than for 
decedents in the general population who died with 
the same set of medical conditions, observation bias 
would elevate SMRs for NMRD.

In summary, the reason for the increased lung 
cancer mortality among plant workers compared with 
the general population remains unclear. The associ­
ation may be due, in part, to confounding by smoking 
and by other unidentified risk factors. It is unlikely to 
be related to respirable talc ore dust per se. An 
unidentified constituent of the ore or of the under­
ground mine environment, exposure to which is 
poorly correlated with total respirable dust exposure, 
may have been responsible for some of the excess 
lung cancer. We have no information, apart from the 
disease patterns seen in this study, to substantiate or 
refute this speculation. The study found an increased 
rate of NMRD among workers that is probably 
related to exposure to the talc ore dust at the facility, 
as well as to dust exposures encountered in other 
work environments and to smoking. Other causes of 
death among the plant workers did not appear to be 
related to the occupational factors.
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