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Summary. This nested case control study assessed the re-
lationship of lung cancer and time exposed to talc, while
controlling for smoking, other talc exposures, and non-
talc exposures. There were 22 lung cancer cases (91%
smokers and 9% former smokers) and 66 controls (27%
nonsmokers, 9% former smokers, and 64% smokers).
Smokers were at sixfold increased risk compared to non-
smokers and ex-smokers. When stratified by smoking
status, risk of lung cancer decreased with talc tenure and
remained negative when excluding cases with < 20 years’
latency and short-term workers. These data suggest that
nontalc exposures are not confounding risk factors while
smoking is, and that temporal and exposure-response re-
lationships are consistent with a smoking etiology but
not an occupational etiology for lung cancer.

Key words: Talc — Lung cancer — Amphiboles — Case
control study — Tremolite

Introduction

In 1980 the National Institute of Occupational Safety
and Health (NIOSH) published a morbidity, mortality,
and environmental study of miners and millers at the
Gouverneur Talc Company (GTC) (Dement et al. 1980).
Ten years later an updated portion of the earlier report
was published as a health hazard evaluation (HHE)
(Brown et al. 1990). During this period there were two
other mortality studies of basically this same cohort
(Stille and Tabershaw 1982; Lamm et al. 1988) as well as
considerable discussion regarding the mineralogical com-
position of the talc and the cause of the excess lung can-
cer mortality. Various causes for the excess were sug-
gested including the amphibole minerals in the talc, prior
employment in other industries and/or in other New
York talc companies, and smoking (Brown et al. 1983;
Tabershaw and Thompson 1983; Dement and Brown
1982; Thompson 1984; Taylor 1981; Campbell et al.
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1979; Campbell 1978; Kelse and Thompson 1989, 1990;
Dement 1990; Virta 1985; Reger and Morgan 1990).
The original design of the HHE included updating
the original cohort and conducting a nested case control
study (Gamble and Piacitelli 1988). The nested case con-
trol study reported here investigates the confounding po-
tential of non-GTC risk factors and exposure-response
relationships while controlling for these risk factors and
using tenure as the surrogate for exposure. Analysis by
cumulative exposure remains to be published.

Materials and methods

All cases and controls were from the cohort of 710 white males of
GTC talc workers employed between 1947 and 1978 with follow-
up through 1983 (Gamble and Piacitelli 1988; Brown et al. 1990).
All persons with lung cancer (ICD 162-163, 8th Revision) certified
as the underlying cause of death on the death certificate were de-
fined as cases. Each case was matched with three controls in whom
all categories of nonneoplastic respiratory disease (ICD 460-519)
and accidents (ICD E800-E949) had been excluded; controls were
selected from survivors and deceased by reference to the closest
match with respect to date of birth and date of hire. Controls must
have survived the case, and control history ended at date of death
of the case.

Information on each case and control concerning tobacco use
and work history was obtained from interviews of the person him-
self (if living) or from relatives or friends. Interviews were con-
ducted over the phone whenever possible, or by mail if not. Also,
verification from other sources was done whenever possible. For
example, several relatives were asked about smoking and work
history. Information from GTC personnel records provided some
pre-GTC employment history. Confirmation of previous employ-
ment was obtained when possible by contacting the previous
employer directly.

Talc mining has gone on in this region of New York for many
years, and some of the cases and controls had worked at other talc
mines in addition to the GTC talc mine and mill. One analysis
therefore adds non-GTC talc employment to that of years worked
at the GTC talc mine or mill.

To control for possible confounding due to nontalc exposure, a
panel of nine epidemiologists and industrial hygienists rated the
risk of lung cancer associated with nontalc jobs as listed in the
work histories without knowledge of case and control status. Each
nontalc job was rated as “probable,” “possible,” or “no” risk of
job-associated lung cancer; each category was given a score of 3, 1,
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and O respectively. A composite score for each job was compiled
from the nine ratings. An individual’s total score was the compo-
site score for each job multiplied by years in that job, and summed
over all jobs. Total scores were divided into four categories of
roughly comparable size. Estimates of the odds ratios (OR) for
each category and trend analysis were used to assess whether non-
talc exposure represented a risk factor deserving control in the ex-
posure-response analysis.

The cases and controls were divided into two tenure groups
(<5, 5-15,15-36; <1, 1-9, 10-19, 20-36) for the major analyses
of exposure-response relationships (Gamble and Piacitelli 1988).
Since the results for both tenure analysis were similar only one te-
nure grouping is reported here. This analysis was done using GTC
tenure with all cases and controls, and then repeated including
only smokers. Additional analysis by GTC tenure for smokers only
was done with exclusion of all cases and controls with: <1 year’s
tenure; < 20 years’ latency; < 20 years’ latency and < 3 months’ te-
nure. A similar analysis was repeated using all talc tenure (GTC
plus non-GTC).

A linear trend in the OR by exposure was estimated following
the methods described by Rothman (1986). Using a least squares
approach to a weighted regression where b’ = by/by, the slope b’
was estimated from the equation case control OR = by + byx. The
slope b’ describes mathematically the change in OR for each year

of tenure. Using the standard error (SE) of ', a 95% confidence
interval (CI) for b’ was calculated.

In addition, means of exposure were compared for cases and
controls using paired and independent sample t-tests as appropri-
ate. All tests were performed at the 0.05 significance level. Except
for the comparison of exposure levels for cases and controls, all
testing and confidence interval estimation may depend on the as-
sumption of a large sample size.

Results

Table 1 summarizes descriptive information on the cases
and controls. All of the 22 cases were either smokers
(91%) or ex-smokers (9%), while of the controls, 42
(64%) were smokers, 6 (9% ) ex-smokers, and 18 (27%)
nonsmokers. Cases and controls who smoked were quite
comparable in age, year of hire, and age at hire. Con-
trols were somewhat heavier smokers than cases, and
controls who smoked had almost twice the tenure of
cases who smoked. Tables 2 and 3 present more detailed
information on the 22 cases.

Table 1. Characteristics of lung cancer cases

Cases Controls
and controls (n=22) (n = 66)
Mean year of first employment 1949.7 1949.5
Mean age at first employment 34.6 34.1
Mean year of birth 1915 1915
Mean years worked
Mean (SD) 6.6 (8.6) 9.2(11.1) (P =0.08)
Range (0.003-23.5) (0.003-35.3)
Mean years worked, all talc 7.7(9.2) 9.9 (12.1) (P =0.12)
Ex-smokers
No. (%) 209 6(9)
Mean cig/day (SD) 20(9) 48.3(13.3)
Mean pack years (SD) 29.5(9.2) 87.5(35.0)
Year of hire 1953.5 1950.0
Age at hire (SD) 37.5(9.2) 32.5(8.7)
Year of birth 1915.5 1916.8
Years worked {mean (SD)]
GTC 18.3(2.3) 4.6 (9.8) (P=0.11)
All tale 18.3(2.3) 4.9(9.6) (P=10.11)
Smokers
No. (%) 20 (91) 42 (64)
Mean cig/day (SD) 25.7(12.0) 27.4(12.7)
Mean pack years (SD) 53(31.9) 61.9(34.1)
Mean age began smoking (SD) 18.0(3.7) 16.7 (3.5)
Year of hire 1949.3 1949.2
Age at hire (SD) 34.3(8.5) 32.7(7.02)
Year of birth 1914.7 1916.3
Years worked [mean (SD)]
GTC 5.4(8.1) 10.4 (11.4) (P =0.08)
All talc 6.6(8.9) 11.5(12.8) (P =0.13)

Non-smokers
No. (%)

0(-) 18(27)
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Table 2. Case review of lung cancer deaths among talc miners and millers

Case Age at Smoking Talc work history
no. death Status Age Latency Cig./ Pack Age at GTC Tenure in years
started day years hire latency GTC Al tale
1 79 S Unk Unk 20 62 57 22 0.02 0.02
2 77 S 17 60 40 120 42 35 0.20 0.20
3 63 S 18 45 40 90 42 21 0.05 0.05
4 75 S Unk Unk 20 Unk 41 34 23.5 23.5
5 52 S 19 33 3 5 47 5 5.31 5.31
6 55 S 29 26 10 8 39 16 2.83 2.83
7 62 Ex 17 45 20 36 44 18 16.7 16.7
8 68 S 12 56 20 56 35 33 0.35 3.35
9 58 S Unk Unk 20 Unk 34 24 0.64 1.06
10 64 S 25 39 20 38 34 30 1.49 2.02
11 59 S 14 45 30 56 36 23 11.78 235
12 62 S 20 42 40 84 32 30 22.51 23.5
13 63 S Unk Unk 20 Unk 31 32 0.003 0.003
14 53 S Unk Unk 20 Unk 31 22 0.15 0.15
15 65 Ex Unk Unk 20 Unk 31 34 20.0 20.0
16 63 S 15 48 50 120 30 33 16.67 16.67
17 54 S 19 35 20 33 30 24 2.51 9.59
18 39 S 14 25 20 25 27 12 2.58 2.58
19 53 S Unk Unk 20 Unk 26 27 0.21 0.21
20 45 S 20 25 40 50 24 21 0.15 0.15
21 49 S 17 32 20 23 25 24 17.38 17.38
22 56 S 18 38 40 76 23 33 0.16 0.16

Unk, Unknown

Three potentially confounding risk factors are of pri-
mary concern: nontalc exposure, smoking, and non-GTC
talc employment. Table 4 presents ORs for all cases and
controls by estimated risk from nontalc exposure. The
highest and medium-low scores showed a decreased risk
while the medium-high score was slightly elevated. The
slope of the OR (b') was negative (—0.0008). At the
midpoint of the high nontalc exposure group (score =
377), the estimated OR from the regression model OR =
1+ b’ (exposure) was 0.70, with 95% CI of 0.25 and
1.08. Since there was no trend for the risk of lung cancer
to increase with nontalc exposure and therefore no ap-
parent confounding, this factor is not controlled in fur-
ther analyses.

Table 5 presents the risk of lung cancer by smoking
category and cigarettes/day. Smoking cigarettes increased
the OR for lung cancer almost sixfold compared to com-
bined nonsmokers and ex-smokers, and 1.4 times com-
pared to ex-smokers. There was little apparent differ-
ence in the OR for lung cancer by the number of ciga-
rettes smoked per day. Smoking is controlled in some of
the subsequent analyses by including only cases and con-
trols who smoked.

Table 6 presents the relative odds of lung cancer by
tenure group for all cases and controls. ORs were around
the null value with increasing tenure. The point estimates
for the slope of the OR was negative, but the upper 95%
confidence limit was positive. At 25 years’ tenure the es-
timated OR from the regression model was 0.80 (0.55,
1.06).

When only smokers were considered, ORs were less
than 1 with increasing tenure (Table 7). The point esti-
mate of the slope and the upper 95% CI were both nega-
tive. At 25 years’ tenure the estimated Or was (.39
(0.11, 0.67).

Tables 8-10 present data for smokers only and in-
clude only cases and controls with =1 year’s tenure
(Table 8), =20 years’ latency (Table 9), and = 20 years’
latency and >3 months’ tenure (Table 10). The results
are similar to those observed in Table 7; the ORs all de-
cline with increasing tenure, the slopes are negative, and
the upper 95% Cls are negative, except in Table 10,
where the upper 95% CI is positive.

Another possible confounder is employment at non-
GTC talc mines and mills. Table 11 compares the risk of
total talc employment (GTC plus non-GTC) for all cases
and controls. The only change was one more case in the
=15 year tenure group and one less case in the <5 year
tenure group. The OR slope was positive, and at 25
years’ tenure the estimated OR was 1.03 (0.73, 1.33).

Table 12 compares the risk of total talc employment
stratified by smoking. The slope and upper 95% CI are
negative. At 25 years’ tenure the estimated OR is 0.54
(0.21, 0.87).

Discussion

The primary reason for this nested case control study
was to try and determine whether talc exposure was the
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Table 3. Case review of lung cancer deaths among talc miners and millers

Case no. GTC employment Non-GTC employment?
1 Carpenter Construction carpenter (37), lumber camp (2) iron Mine (1)
2 Painter Painter (35), Purchasing clerk (iron, St. Joes) (16)
3 Millwright Welder (steel mill) (10), paper mill (5)
4 Miller, oiler, forklift op. Driller (16)
5 Laborer, oiler Mine (>9), foundry (molder) (12), construction carpenter
6 Blacksmith and welder Road construction (5), mine blacksmith and welder (6), car mechanic (3), welder
(10)
7 Miner Dairy farmer (35)
8 Mucker, machine man Driller (talc, coal, zinc) (18), St. Lawrence Seaway (5)
9 Mucker and driller St. Joe lead (2), paper co. (2), Int. Talc (1), farm (5), army (4), unknown (13)
10 Mucker and driller Military (7), Int. Talc (1), manufacturing (?) (18), truck driver (17)
11 Trammer, electrician, driller, Paper mill (1), hosiery mill (3), Loomis Talc (driller, foreman) (12), construction
Eimco op., scraper op., mucker (1), TV repair (10)
12 Mucker, Eimco op., driller Mucker, driller (St. Joe Lead) (2), packer (Talc) (1), farm (3), sinking shafts (1)
hoistman, trammer
13 Mucker Driller (iron) (20), dairy farm (3), carpenter (1), construction (31)
14 Mucker Army (4), ALCOA (5), driller (6 mo), sawmill, unknown (3), const. driller (3),
Farm (11)
15 Mucker, scraper op., Eimco op., Farm, feed mill (1), operator (aluminum company) (1)
shaft mucker, driller
16 Miner Farm (23), zinc miner (3), heavy equipment op. (5), zinc mill (5)
17 Mucker, driller Farm, mucker/driller (talc) (7), blaster (iron Mine) (19)
18 Mucker, Eimco op. Mucker (1), ALCOA (3 mo), military (1), manufacturing bowling pins (1),
unknown (1)
19 Mucker Army (7), manufacturing (1), miner (3 mo), farm, (4 mo), sawmill (1), radio
repair, TV repair (5)
20 Blacksmith Quarry (> 1), ALCOA (5), driller (iron) (4 mo), roofer (hot tar) (2), machinist
(5), foundry (1)
21 Laborer, miller, cal. process op., Paper mill (9), stock clerk (7)
wheeler mill, process air op.,
car liner
22 Laborer Road crew (3 mo), St. Joes Mineral (1), iron mine (6 mo), Foundry (molder)

(4 mo), construction (1 mo); navy (3}, custodian (22)

*Figures within parentheses represent years of employment, unless otherwise indicated

cause of the elevated standardized mortality ratios (SMRs)
for lung cancer which were observed in the previous
cohort studies (Dement et al. 1980; Stille and Tabershaw
1982; Lamm et al. 1988) and which remained after 8
more years of follow-up (Gamble and Piacitelli 1988;
Brown et al. 1990). To do this it is necessary to address
the issues of possible confounding from other occupa-
tional exposure, non-GTC talc exposures, and smoking
and to evaluate exposure-response. There was no appar-
ent confounding from other exposures as the ORs showed
no trend to increase with increasing risk scores from
nontalc employment. As expected, smoking was a risk

factor for lung cancer and was more prevalent among
cases than controls, thereby confounding the analysis
and elevating the observed risk ratio in the cohort stud-
ies. The exposure-response relationship for all cases and
controls was slightly negative, but not statistically signifi-
cant. When controlling for smoking the trend was negative
and statistically significant; that is, as tenure increased,
the ORs for lung cancer decreased and the upper 95%
confidence limits were negative. The finding of a de-
creased risk ratio with increasing tenure was not mate-
rially affected by non-GTC talc exposure and remained
when cases and controls with less than 20 years’ latency,



Table 4. Lung cancer risk by nontalc exposure (pane! score X
years worked): all cases and controls

Score (panel Cases Controls Odds ratio
score X years
employed)
221-533 3 13 0.55
121-220 6 13 1.10

51-120 5 21 0.57

0- 50 8 19 1.00
22 66

Slope of OR b’ (SE) = —0.0008 (0.0005); b’ = by/by; 95% CI of
"= -0.002, +0.0002; b =0.82; by = —0.0007

Estimated OR at midpoint of high exposure group

(score = 377) =1+ b'(score) =1 + (—0.0008) (377)=0.70; 95%

CIL: 1+ (—0.002) (377) = 0.25 (lower); 1 + (+0.0002) (377) =1.08

(upper);x? = 0.266 (NS)

<1 year’s tenure, and less than 20 years’ latency and 3
months’ tenure were excluded.

There is a potential for misclassification of nontalc
exposures and smoking history. Nontalc exposures were
collected from several sources including personnel re-
cords and questionnaires administered to subjects or sur-
rogates. Assessment of risk by the panel was done blind.
The incompleteness of the non-GTC work history should
be similar for both cases and dead controls. If there is a
recall bias it should be greater recall for the controls than
cases. If present, this would tend to increase the risk
away from the null.

Smoking history was obtained by questionnaire, and
from several surrogates for cases and dead controls. Two
studies (Kolonel 1977; Lerchen and Samet 1986) indi-
cate 96% and 100% agreement of smoking status when
comparing wives’ responses to those of their husbands.
Thus classification by smoking status is likely to be quite
good. If there is recall bias it is most likely to be less re-
collection among cases than among controls.
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Increased risk of lung cancer was present among
workers with short tenures (Dement et al. 1980; Brown
et al. 1990; Lamm et al. 1988). Several possible explana-
tions have been given for this observation (Brown et al.
1990). One is that exposure to other lung carcinogens
may have occurred via non-GTC employment. Six of the
22 cases had some known non-GTC talc employment.
No increased risk was found for either nontalc employ-
ment nor for total talc employment (both GTC and non-
GTC) when controlling for smoking. Second, it has been
suggested that short-term employees may have had very
high exposures. In this study cases were matched on date
of hire and so controls had as great an opportunity of
high exposure as did cases. Further, removing short-
term workers (=1 year’s tenure) from the analysis did
not affect the results. Thus these hypothetical explana-
tions do not appear to be valid.

Another purpose for conducting the case control study
was to adjust for possible confounding effects of smok-
ing. In an SMR analysis using the U.S. population as a
standard, the smoking habits of the exposed and referent
populations may differ, thereby in part explaining the
high risk ratio for the talc workers. It has been suggested
that smoking alone does not account for the excess as the
1976 smoking habits of the GTC workers “were not
much different from those of U.S. white males” (Brown
et al. 1990). However, the smoking habits of the 1976
GTC workforce do not necessarily reflect the smoking
habits of the cases. One way to employ a more appropri-
ate reference group is to use workers drawn from the
same population as the cases, as was done in this study.
Such an internal comparison population shows quite dif-
ferent smoking patterns from the cases; 91% smokers
among cases vs 64% among controls, and 0% nonsmok-
ers among cases vs 27% among controls,

Another argument against smoking explaining the ex-
cess risk is “even if 100% of the cohort were smokers,
the risk for lung cancer would have been increased only
by 60% or an SMR of 160” (Brown et al. 1990). As it

Table 5. Lung cancer risk by smoking status

and cigarettes smoked/day: all cases and Cases  Controls Odds ratio (95% CI)
controls [smokers compared to (1) ex-smok-  gmoker 20 42 5.71(0.36,7.81) 1.43(0.31,9.07)
z;sl a]nd nonsmokers and (2) ex-smokers Ex-smoker 2 6 1.0 (Ex-smoker and 1.00 (Ex-smoker only)
Y nonsmoker)
Nonsmoker 0 18
22 66
Cigarettes/day
> 40 6 11 6.55 1.64
20-39 12 27 5.33 1.33
1-19 2 4 6.0 1.5
Ex-smokers 2 6 1.00 (ex-smoker only)
Nonsmokers 0 18 1.00 (ex-smoker and
nonsmoker)
22 66

Slope of OR when reference group = ex-smokers and nonsmokers; b’ (SE) = +0.12
(0.008); 95% CI =0.105, 0.14; by = 1.09; b; =0.13
Estimated OR for 20 cig/day smoker = 1 + (0.12)(20) = 3.42 (3.10, 3.75); y*> = 4.68
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Table 6. Lung cancer risk by tenure at GTC,; all cases and controls

Tenure-years Cases Controls Odds ratio
15-36 6 21 0.82
5-15 2 5 1.14
<5 14 40 1.00
22 66

Slope of OR b’ (SE)=—0.008 (0.003); b’ = by/by; 95% CI of
b’ = —0.018, +0.002; by = 1.03; b, = —0.008

Estimated OR (95% CI) at 25 years’ tenure =1+ (—0.008)
(25) = 0.80 (0.55, 1.06); x* = 0.13 (NS)

Table 7. Lung cancer risk by tenure at GTC: smokers only

Tenure-years Cases Controls Odds ratio
15-36 4 15 0.42
5-15 2 5 0.63
<5 14 22 1.00
20 42

Slope of OR &' (SE) = —0.024 (0.006); 95% CI = —0.04, —0.01;
by=1.04; b, = —0.03

Estimated OR (95% CI) at 25 years’ tenure =1 + (—-0.02) (25) =
0.39 (0.11, 0.67); x> = 1.78 (NS)

Table 8. Lung cancer risk by tenure at GTC: smokers only with =
1 year’s tenure

Tenure-years Cases Controls Odds ratio
15-36 4 15 0.53
5-15 2 5 0.80
1-'5 4 8 1.0
10 28

Slope of OR b’ (SE) = —0.019 (0.007); 95% CI = —0.03, —0.006;
bo=1.04; by = —0.02

Estimated OR (95% CI) at 25 years’ tenure = 1 + (—0.019) (25) =
0.52 (0.19, 0.84); y2 =0.577

Table 9. Lung cancer risk by tenure at GTC: smokers only with =
20 years latency

Tenure-years Cases Controls QOdds ratio
15-36 4 15 0.49
5-15 1 4 0.46
<5 12 22 1.0
17 41

Slope of OR b’ (SE) = —0.021 (0.006); 95% CI = (—0.03, —0.01);
bo=1.01; by = —0.02

Estimated OR at 25 years’ tenure=1+(—0.021) (25)=0.47
(0.19,0.75); y>=1.152

turns out, 100% of the cases were smokers. The overall
SMR for lung cancer was 207, with a lower 95% CI of
120; in the =20 year latency group, the SMR was 260
with a lower 95% CI of 137. Thus one cannot distinguish
between the hypothetical SMR of 160 and the actual

Table 10. Lung cancer risk by tenure at GTC: smokers only with =
20 years latency and > 3 months tenure

Tenure-years Cases Controls Odds ratio
15-36 4 15 0.73
5-15 1 4 0.69
3mo-Syr 4 11 1.0
9 30

Slope of OR b’ (SE) = —0.01 (0.01); 95% CI = (—0.02, +0.003);
by =0.98; b = —0.01

Estimated OR at 25 years’ tenure = 1 4+ (—0.01) (25) = 0.74 (0.40,
1.08); x2=0.120

Table 11. Lung cancer risk by total talc tenure: all cases and con-
trols

Tenure-years Cases Controls Odds ratio
15-41 7 21 1.03
5-15 2 5 1.23
<5 13 40 1.0
22 66

Slope of OR b’ (SE) = +0.001 (0.006); 95% CI = —0.01, 4+0.01;
bo=1.03; b; = 0.001

Estimated OR at 25 years’ tenure = 1 + (0.001) (25) = 1.03 (0.73,
1.33); x*=0.002 (NS)

Table 12. Lung cancer risk by total talc tenure: smokers only

Tenure-years Cases Controls Odds ratio
15-41 5 15 0.56
5-15 2 5 0.68
<5 13 22 1.0
20 42

Slope of OR b’ (SE) = —0.02 (0.01); 95% CI. —0.03, —0.005;
bo = 103, b1 =—0.02
Estimated OR at 25 years’ tenure = 1 + (—0.02) (25) =0.54 (0.21,
0.87); x> = 0.84 (NX)

SMR for either all the lung cancer cases or for those with
=20 years’ latency. The inverse and statistically signifi-
cant exposure-response trend found in the case control
analysis points up the confounding effect of smoking in
the cohort analyses. The lack of an exposure-response
trend with talc tenure is contrary to conventional wis-
dom and to the conclusion that workplace talc exposures
account for the increased risk of lung cancer.
Temporality is the only standard that may provide in-
disputable evidence that an association is not causal
(Rothman 1986). A period of 20 or more years is a com-
monly used period between first exposure and the induc-
tion of lung cancer (Selikoff et al. 1980). Since death
often occurs fairly shortly after diagnosis of the disease,
the time between date of hire (or date of starting smok-
ing) and date of death is used as the latency period.
The range of latency for asbestos workers at highest
risk (textiles, insulation) and with long exposure is about
28-34 years (Selikoff et al. 1980; Knox et al. 1968; De-
ment et al. 1983). For a cohort exposed to high levels of



amosite for short periods, the mean latency is lower (21
years), (Seidman et al. 1986}, as it is for vermiculite and
asbestos cement workers (Weill et al. 1979; Amandus
and Wheeler 1987). Chrysotile miners and millers, re-
gardless of smoking habits or asbestos exposure, have a
mean latency of about 40 years (Liddell 1980).

For mining cohorts exposed to nonasbestiform am-
phiboles (and for which there are no apparent exposure-
response or causative relationships), the mean latency
ranges from 22 to 32 years (Brown et al. 1986; Cooper et
al. 1988). Smokers have a latency of about 40 years (Lid-
dell 1980; Wynder and Stellman 1977).

The mean time from date of hire till death in GTC
cases was 25 years; the length of time since starting
smoking was 40 years. Thus the criterion of temporality
suggests smoking is a more plausible risk factor for lung
cancer than talc.

Analysis of exposure-response is an important ele-
ment in the assessment of causality in this study. Misclas-
sification of exposure will generally reduce the risk to-
ward the null. The use of tenure as a surrogate estimate
of exposure will not result in misclassification if subjects
have the same exposure over time (Johnson 1986). If ex-
posure is not the same over time then it may be difficult
to show an exposure-response relationship or observe
decreased risk with increased tenure. By matching for
the period of exposure, there is some control for changes
in exposure over time. To reduce the possibility of expo-
sure misclassification, analysis of exposure-response using
as the exposure variables net tenure (actual hours each
employee worked) and cumulative quantitative estimates
of dust exposure should be completed. The lack of such
analyses does not, however, negate the observed inverse
exposure-response relationship.

Another important criterion for evaluating causality
is consistency. There is evidence the talc contains nonas-
bestiform amphiboles and a minor talc fiber component
(Campbell et al. 1979; Campbell 1978; Kelse and Thomp-
son 1989, 1990; Virta 1985). Mineral content of the talc
varies somewhat but is generally in the range of 40% —
60% tremolite, 1% -10% anthophyllite, 20% -40% talc,
20% -30% serpentine (antigorite-lizardite), and 0% ~2%
quartz (Kelse and Thompson 1989). NIOSH in 1980 re-
ported over 70% tremolite and anthophyllite fibers in
bulk and airborne samples from the talc mine that satis-
fied the regulatory definition of =3:1 aspect ratio and
>Sum length (Dement et al. 1980). A mineralogical
definition of asbestiform mineral fiber populations re-
quires the presence of many particles > 5 um long with
aspect ratios greater than 20:1 and thin fibrils <0.5
pm in width. Analysis of both bulk and airborne par-
ticles from the talc mine traditionally show little to no
particles with an aspect ratio of 20:1 or greater, and
none showed such asbestiform characteristics as splayed
ends, curvature, or parallel fibers occurring in bundles
for the amphibole components. For comparison, about
50% (37%-65%) of airborne fibers from asbestos min-
ing and bagging operations had aspect ratios >20:1.
About 3% (0%-6%) of airborne cleavage fragments
from other nonasbestiform amphibole mines (cumming-
tonite, actinolite grunerite/actinolite) have aspect ratios
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>20:1. The width of airborne cleavage fragments and
asbestos fibers is also distinctly different. About 65% of
amphibole asbestos and chrysotile fibers are > 0.25 pm
wide while 100% of amphibole and tremolite talc cleav-
age fragments are > 0.25 um in width (Kelse and Thomp-
son 1989). Based on these mineralogical characteristics,
this cohort of talc miners is considered to be exposed to
talc containing nonasbestiform tremolite.

Other cohort studies of workers exposed to nonasbes-
tiform amphiboles (Brown et al. 1986; Cooper et al.
1988) show a lack of relationship between tenure and
risk of lung cancer similar to that shown by the talc
cohort. No causal relationship is postulated in these co-
horts mining nonasbestiform amphiboles.

Asbestos-exposed cohorts do show increased risk with
increasing tenure (Seidman et al. 1986; Weill et al. 1979;
Amandus and Wheeler 1987, McDonald JC et al. 1980,
McDonald AD et al. 1983ab, 1984; Hobbs et al. 1980;
Hughes et al. 1987; Ohlson and Hoystedt 1985) and a
causal relationship is postulated. Workers exposed to as-
bestos were used to compare the consistency of the te-
nure-lung cancer association because of the contention
that the talc contains asbestos (Dement et al. 1980; De-
ment and Brown 1982; Dement 1990). Thus the negative
slope of the exposure-response curve (using tenure as a
surrogate for exposure) is opposite to the effect one
would expect if talc exposure were to increase the risk of
lung cancer, is consistent with exposure-response rela-
tionships observed in populations mining nonasbestiform
amphiboles, and is inconsistent with results from asbes-
tos-exposed populations.

The SMRs for lung cancer (as well as for several
other causes of death) are elevated in this group of talc
workers. However, after adjustment for the confounding
effect of smoking and the postulated role of very high ex-
posures of short-term workers, the risk ratio for lung
cancer decreases with increasing tenure. The lack of an
exposure-response gradient is not consistent with a cau-
sal relationship. The time occurrence of lung cancer
among these talc workers is more congruent with a
smoking than a talc etiology.

Acknowledgements. 1 wish to particularly thank Joyce Ayersman,
Steve Swecker and Kathy Orosz for their competent and cheerful
assistance.

References

Amandus HE, Wheeler R (1987) The morbidity and mortality of
vermiculite miners and millers exposed to tremolite-actinolite.
Part IT: mortality. Am J Ind Med 11:15-26

Brown DP, Beaumont JJ, Dement JM (1983) The toxicity of up-
state New York talc [letter to the editor]. J Occup Med
25:178-179

Brown DP, Kaplan SD, Zumwalde RD, Kaplowitz M, Archer VE
(1986) A retrospective cohort mortality study of underground
gold mine workers. In: Goldsmith DF, Winn DM, Shy CM
(eds) Silica, silicosis, and cancer: controversy in occupational
medicine. Praeger Press, Philadelphia, 335-350

Brown DP, Sanderson W, Fine LI (1990) Health hazard evalua-
tion report no. 90-390 and MHETA 86-012. R.T. Vanderbilt
Company, Gouverneur, New York, September, 1990. National
Institute of Occupational Safety & Health, Cincinnati, Ohio



456

Campbell WJ (1978) Identification of selected silicate minerals and
their asbestiform varieties. Proceedings of the workshop on as-
bestos: definition and measurement methods held at NBS.
NBS Special Publication 506, Gaithersburg

Campbell WJ, Steel EB, Virta RL, Eisner MH (1979) Characteris-
tics of cleavage fragments and asbestiform amphibole particu-
lates. In: Lemen R, Dement JM (eds) Dust and disease. Patho-
tox, Park Forest

Cooper WG, Wong O, Graebrer R (1988) Mortality of workers in
two Minnesota taconite mining and milling operations. J Occup
Med 305:506-511

Dement JM (1990) Letter to the editor. Am Ind Hyg Assoc J
51:A748

Dement JM, Brown DP (1982) The forum [letter to the editor].
Am Ind Hyg Assoc J 43: A24-A25

Dement JM, Zumwalde RD, Gamble JF, Fellner W, DiMeo MJ,
Brown DP, Wagoner JK (1980) Occupational exposure to talc
containing asbestos — morbidity, mortality and environmental
studies of miners and millers. National Institute for Occupa-
tional Safety and Health, Cincinnati, Ohio. DHEW (NIOSH)
Publication No. 80-115

Dement JM, Harris RL, Symons MJ, Shy CM (1983) Exposures
and mortality among chrysotile asbestos workers. Part II: mor-
tality. Am J Ind Med 34:421-433

Gamble J, Piacitelli G (1988) MHETA 86-012 R.T. Vanderbilt
Company, Inc./Gouverneur Talc Company. OSHA Docket
#H-033d, Document #478-8B, April 1988

Hobbs MST, Woodward SD, Murphy B, Musk AW, Elder JE
(1980) The incidence of pneumoconiosis, mesothelioma and
other respiratory cancer of workers engaged in mining and mil-
ling crocidolite in Western Australia. In: Wagner JC (ed) Bio-
logical effects of mineral fibers, vol II. IARC, Lyon, pp 615-
625

Hughes JM, Weill H, Hammad YY (1987) Mortality of workers
employed in two asbestos cement manufacturing plants. Br J
Ind Med 44:161-174

Johnson ES (1986) Duration of exposure as a surrogate for dose in
examination of dose response relations. Br J Ind Med 43:427-
429

Kelse JW, Thompson CST (1989) Regulatory and mineralogical
definitions of asbestos and their impact on amphibole dust
analyses. Am Ind Hyg Assoc J 50:613-622

Kelse JW, Thompson CST (1990) Reply. Am Ind Hyg Assoc J
51: A748-A750

Knox JF, Holmes S, Doll R, Hill ID (1968) Mortality from lung
cancer and other causes among workers in an asbestos textile
factory. Br J Ind Med 25:293-303

Kolonel LN (1977) Adequacy of survey data collected from substi-
tute respondents. Am J Epidemiol 106:475-484

Lamm SH, Levine MS, Starr JA, Tirey SL (1988) Analysis of ex-
cess lung cancer risk in short-term employees. Am J Epidemiol
127:1202-1209

Lerchen ML, Samet JM (1986) An assessment of the validity of
questionnaire responses provided by surviving spouse. Am J
Epidemiol 123:481-489

Liddell FDK (1980) Latent periods in lung cancer mortality in rela-
tion to asbestos dose and smoking. In: Wagner JC (ed) Biolog-
ical effects of mineral fibres, vol. 2. International Agency for
Research on Cancer, Lyons, 661-665

McDonald AD, Fry JS, Woolley AJ, McDonald JC (1983a) Dust
exposure and mortality in an American chrysotile textile plant.
Br J Ind Med 40:361-367

McDonald AD, Fry JS, Wooley AJ, McDonald JC (1983b) Dust
exposure and mortality in an American factory using chrysotile,
amosite and crocidolite in mainly textile manufacture. Br J Ind
Med 40:368-374

McDonald AD, Fry JS, Woolley AJ, McDonald JC (1984) Dust
exposure and mortality in an American chrysotile asbestos fric-
tion products plant. Br J Ind Med 41:151-157

McDonald JC, Liddell FDK, Gibbs GW, Eyssen GE, McDonald
AD (1980) Dust exposure and mortality in chrysotile mining,
1910-1975. Br J Ind Med 37:11-24

Ohlson CG, Hoystedt C (1985) Lung cancer among asbestos ce-
ment workers. A Swedish cohort study and a review. Br J Ind
Med 42:397-402

Reger R, Morgan WKC (1990) On talc, tremolite and tergiversa-
tion [editorial]. Br J Ind Med 47 :505-507

Rothman KJ (1986) Modern epidemiology. Little, Brown & Co.,
Boston

Seidman H, Selikoff 1J, Gelb SK (1986) Mortality experience of
amosite asbestos factory workers: dose-response relationships
5 to 40 years after onset and short term work exposure. Am J
Ind Med 10:479-514

Selikoff 1J, Hammond EC, Seidman H (1980) Latency of asbestos
disease among insulation workers in the United States and
Canada. Cancer 46:2738-2740

Stille WT, Tabershaw IR (1982) The mortality experience of up-
state New York talc workers. J Occup Med 24:480-484

Tabershaw IR, Thompson CS (1983) Authors’ response [letter to
the Editor]. J Occup Med 25:179-181

Taylor LD (1981) The forum {letter to the editor]. Am Ind Hyg
Assoc J 42:A26

Thompson CS (1984) Consequences of using improper definition
for regulated minerals. In: Levadie B (ed) Definition for asbes-
tos and other health related silicates. American Society for
Testing and Materials, Philadelphia. ASTM special technical
publication no. 834:175-183

Virta RL (1985) The phase relationship of talc and amphiboles in
a fibrous talc sample (Bureau of Mines Report of Investigation
#8923). Bureau of Mines, Washington, DC, pp 1-11

Weill H, Hughes J, Waggenspack C (1979) Influence of dose and
fiber type on respiratory malignancy risk in asbestos cement
manufacturing. Am Rev Respir Dis 120:345-354

Wynder EL, Stellman SD (1977) Comparative epidemiology of
tobacco-related cancers. Cancer Res 37:4608-4622



