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MORTALITY AND MORBIDITY AMONG TALC MINERS
AND MILLERS IN ITALY

G.F. Rubino, G. Scansetti, G. Piolatto

Institute of Occupational Health of Turin University,C.T.O.,Via
Zuretti, 29,Torino, Italy.

G. Gay

Ospedale Valdese, Pomaretto, Torino, Italy.

The mortality experience of workers engaged in mining and milling the Italian
non-asbestiform talc of Val Chisone was previously described (Rubino et al., 1976).
In that paper we expressed some doubt as to whether we could be fully confident in
the comparison with the agricultural neighbouring population we had chosen as a
control. For this report, therefore, expected deaths were recalulated by using as a
standard the deaths rates of the Italian Male Population. These rates are available
since 1951. We have examined mortality patterns for the observation period from
1946 through 1974 using for the first quinquennium the rates relevant to the year
1951. The"‘man-years" method according to Case and Lea was used (Case and
Lea, 1955).

The results of this further analysis are reported in Table 1. There is in both
miners and millers a significant excess of overall mortality, which in miners is malqu
accounted for by respiratory diseases and within this category by pneumoconiosis.
In millers there were 4 deaths from simple pneumoconiosis or with superimposed
tuberculosis. In both groups a very low incidence of respiratory cancer was
observed.

TABLE 1. Miners and Millers - Observed and Expected Deaths During 1946 - 1974.

Miners Millers
Number in study 1260 418
Cause of Death 0 E SMR 0 E SMR
All causes 560 446.9 125 193 164.4 117!
Lung cancer 8 17.2 47 4 6.1 66
Non-malignant respiratory diseases 109 33.1 329* 18 12.4 145
Pneumoconiosis 58 = = 3 = =
Tb associated with Pneumoconiosis 13 - - 1 = =
Tb 23 11.6 198* 8 4.1 195
'P < .05

2p < '01 Treating observed number of death as a Poisson variable.

No expectation was assumed for pneumoconiosis.
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358 RUBINO ET AL.

The mortality among miners according to cumulative dust exposure is shown in
Table 2. Environmental information regarding the mines and mills, the composition
of the talc, and the methods for allocating individuals to exposure categories, were
reported in the previous paper (Rubino et al., 1976). It should be stated, however,
that all mention of dust counts in this paper represent respirable particles of 0.5 to
5.0 micrometers. From Table 2 it is evident that an increasing trend of pneumoconi-
osis and tuberculosis is associated with increasing exposure. At the highest level of
exposure, which was estimated to be more than 5,665 mppef/years, about 20% of
total deaths were due to pneumoconiosis, complicated or not by tuberculosis.

The relationship of mortality to the intensity of exposure is not consistent in
millers (Table 3). The four observed cases of pneumoconiosis are quite uniformly
distributed in the three exposure levels.

Further investigations were carried out for these deaths among millers in order
to confirm the certified diagnosis, and to assess any possible exposure to other dust
not previously recognized. Additional data were provided by the National Institute for
Insurance. The description of these cases is reported in Table 4.

For cases no. 1 and no. 3, exposure to free silica in addition to talc was found.
Case no. 1 had also worked as a graphite miner for 9 years. Case no. 3 was qualified
for pay rolls as a miller, but he had, at irregular intervals, also worked as talc miner

helper. For case no. 4, no additional data were available, as no claim compensation
was set up.

Case no. 2, whose death was certified as due to silico-tuberculosis, was only
exposed to talc milling. Chest-X-Ray film showed rounded opacities, which were
classified, according to ILO-UICC Classification (1970), as r V2, in lower pulmonary
zones in addition to tuberculous sclerosis and calcifications. Histological examina-
tion of necropsy specimens showed the presence of nodules partly fibro-hyaline
with central necrosis, similar to caseous necrosis (Figure 1). These nodules may
hardly be considered as classical silicotic nodules. However, the origin not simply
tuberculous is supported by the presence of several birefringent particles which
were found the as well as within the fibrous thickening of the septa (Figure 2).

Infrared analysis and X-ray-diffractograms of dust from digested lung demonstrated
85-90% of talc particles mixed with 10-15% quartz.

. In conclu_sion, the results of our study show a marked difference between
miners’ and millers’ mortality, as regards the incidence of pneumoconiosis. The high
frequency among miners is attributable to the high content of free silica in the air dust

in the mines, which was measured to be as high as 18% in driling operations
(Rubino et al., 1976).

Through our further investigations, evidence was provided on one case of
pneumoconiosis with tuberculous association, following exposure to talc in a work-
room where free silica content in the air dust was less than 2%. This death occurred
29 years after first exposure, in a worker exposed to an estimated average dust
concentration of 24 mppcf for 23 years. The role of the small amount of free silica, in
addition to talc, in inducing such pulmonary fibrosis is still an open question.
Moreover, superimposed tuberculosis may be implicated in the development of the
fibrosis as it happens in Pulmonary Massive Fibrosis (James, 1954).

However, on the basis of results of investigations b i

y Kleinfeld et al. (1964) and
Leophonte et al. (1976) the experimental study of rats b
our present findings, the biolog y e el L

. ical possibility of a pneumoconiosi
non-asbestiform talc with low silica content emer ; e

AICWI es, although clini i i-
cal aspects may differ in the various studies. g Spclniea ang e
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TABLE 2. Miners - Observed and Expected Deaths by Cumulative Dust Exposure.

Exposure (as mppcf-years) <1700 1700-5665 > 5665

Number in Study 303 425 532

Cause of Death 0 E SMR 0 E SMR 0 E SMR
All causes 126 107.7 117 183 130.7. 140? 251 208.5 120?
Lung cancer 2 3.9 51 1 4.8 21 5 8.5 59
Non-malignant respiratory diseases 15 8.3 181! 30 9.5 3162 64 15.3 418
Pneumoconiosis 3 = = 15 - - 40 = =
Tb associated with Pneumoconiosis 0 - - 3 - - 10 - —
Tb 4 26 154 7 35 200 12 5.5 218!

P <.05
P < .01
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TABLE 3. Millers - Observed and Expected Deaths by Cumulative Dust Exposure

Exposure (as mppcf-years) < 142 142-424 > 424

Number in Study 129 137 152

Cause of Death 0 E SMR 0 E: SMR 0 E SMR
All causes 72 47.4 152? 59 49.5 119 62 67.5 92
Lung cancer 3 1.5 200 1 1.5 67 (o] 3.1 -
Non-malignant Respiratory Diseases 8 2.7 296' 6 4.3 140 4 54 74
Pneumoconiosis 1 - - 2 - - 0 - -
Tb associated with Pneumoconiosis 0 - - 0 - - 1 - -
Tb 3 1.1 273 4 1.1 364! 1 1.9 53

'P <.05
2P 01
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MORTALITY AND MORBIDITY AMONG TALC MINERS 361

FIGURE 1. A module partly fibrohyaline with central necrotic area. (Hematoxylin and Eosin. x 17.5)

FIGURE 2. Fibrous thickening of alveolar septa with several birefringent particles. (Hematoxylin and
Eosin. Polarized light. X40.
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362 RUBINO ET AL.

TABLE 4. Description of the Certified Cases of Pneumoconiosis Among Talc Millers.

Case Number 1 2 3 4
Duration of exposure (yrs) 3 23 12 11
Latent period (yrs) 33 29 38 41
Cumulative dust exposure as
talc worker (mppcf-years) 99.1 552.5 365.8 351.0
Other Exposures to Dust Free silica None Free silica No information
available
Death certification Silicosis Silico-Tb Silicosis Silicosis
Necropsy findings Fibrohyaline Fibrohyaline Interstitial Not available
nodules. nodules. fibrosis

Tb-sclerosis Tb-sclerosis
Chest-X-Rays :
ILO (UICC) category q2/2A-tb r1/2-pl -tb 0/0 Not available

In order to assess the exposure level at which pneumoconiosis may occur, we
have undertaken a morbidity study on talc millers. This is a preliminary report based
on radiographic changes. The persons under study were the 43 millers still working
inthe years 1975 - 1976, and qualified by not having other exposures to inorganic or
organic dust.

Frequency of radiological opacities was assessed according to the estimated
cumulative dust exposure. Table 5 shows that radiographic changes of 1/0 ILO-
UICC category, or above, appear after a cumulative exposure of more than 160
mppcf-years, with the observation of 2 cases, classified as 1/1 and 1/2, confined to
the cumulative exposure of more than 320 mppcf-years.

TABLE 5. Radiographic Changes Among Talc Millers According to Cumulative Dust Exposure.

Cumulative Dust Exposure (as mppcf-years) -80 81-160 161-320 320 +
Mean value of mppcf-years within each category 45.8 131.6 246.8 418.0
Mean duration of exposure (years) 75 15.5 21.8 28.7
Number in Study 8 11 13 1
Irregular or rounded opacities :
0/0 8 8 4 2
0/1 0 3 5 4
1/0 0 0 4 3
1/1 0 0 0 e
1/2 0 0 0 12
More than 1/2 0 0 0 0
'p type
*s type
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MORTALITY AND MORBIDITY AMONG TALC MINERS 363

Results of this radiological examination indicate that rounded and irregular
opacities consistent with pneumoconiosis can be found among these talc millers
after an average duration of exposure of about 22 years, at an average dust
concentration of about 11 mppcf. During the period these workers were exposed,
the content of free silica in air dust was approximately 1% or less.

In conclusion, our findings show that no relationship has been found between
Italian talc exposure and cancer, whereas pneumoconiosis may be observed.

Based on the radiographic changes we have classified, signs definitely consis-
tent with pneumoconiosis (1/1 or more of rounded or irregular opacities) may be
found after an exposure of more than 320 mppcf-years, which means a lifetime
exposure to more than 8 mppcf (assuming a 40 year working life). Initial signs may
appear after 160 mppcf-years, which means a lifetime expsure to more than 4
mppcf. It is suggested from this data that the current Threshold Limit Value does not
prevent radiological signs of pneumoconiosis.
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Mortality Study of

Talc Miners and Millers

Giovanni F. Rubino, M.D.; Giovanni Scansetti, M.D.;
Giorgio Piolatto, M.D.; and Canzio A. Romano, M.D.

The purpose of this research is to ascertain the causes of
death in talc miners and millers. Special attention is paid to the
incidence of pulmonary, mesothelial and gastrointestinal
tumors,

Our study was conducted on a talc which is mineralogically
very pure in its natural state. This is the type of material used in
the pharmaceutical and cosmetic industries. All the subjects of
our study have worked in the mines and the mills of the talc
operation in the Germanasca and Chisone Valley (Piedmont).
This particular talc has been mined for many decades and has
continued to be recognized to be of the highest standard of
purity (see Appendix).

An epidemiological study which can be taken as reference
for our investigation was conducted by Kleinfeld et al., and re-
cently reviewed with additional informations (1974), on talc
miners and millers in the State of New York. 2 The incidence
of carcinoma of the lung and pleura in those workers was
found to be about four times that which is observed in the
general population.

This New York Study was on workers exposed to an in-
dustrial talc which is a mixture of talc and other materials.
Kleinfeld points out that the talc to which his workers were ex-
posed ““contained not only mineral talc but also other silicates
such as serpentine, tremolite, anthophyllite, and other
ingredients predominately carbonates. Moreover free silica was
present in the dust in variable amounts, usually averaging not
more than three percent’.

Therefore, our present epidemiological study provides a
basis for comparing subjects exposed to an impure industrial
type of talc (e.g. Kleinfeld Study) to subjects exposed to a very
pure type of talc.

Presented at the 60th Annual Meeting of the American Occupational Medical
Association, American Industrial Health Conference, April 15, 1975, San Fran-
cisco.

Dr. Rubino is Professor of Occupational Medicine and Director, Institute of Oc-
cupational Medicine, Turin University. Drs. Scansetti, Piolatto and Romano are
assistants, Institute of Occupational Medicine, Turin University,

Reprint requests to Dept. of Occupational Medicine, University of Torino,
CT.0. — Via Zuretti 29, 10126 Torino, ltaly.
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Type of Study and Data Collection

An historic prospective study has been employed consisting
in the follow-up of a cohort of male subjects who began work
at a definite time and including retired as well as active
workers. We have been able to do so because we had at our
disposal a group of subjects fit for this type of investigation.

Data were collected for each worker who began work in the
years between 1921 and 1950 and who has been employed for
at least one year in a job involving exposure to talc in the
mines or in the mills. Necessary informations such as birth
date, place of birth, last known address, type and duration of
all works performed, were abstracted from pay rolls and

DUST CONCENTRATION IN AIR ALONG
1000 OBSERVATION PERIOD

—e— MINES
--0-- MILLS

(100

"10

SEMI-LOCARITHM OF MILLION PARTICLES PER CUBIC FOOT (MPPCF)
']

Il L 1 1 ! L L
1820 — 1045 1950 1955 1880 1965 1870 1875

YEARS OF OBSERVATION

Decreasing trend of total dust in respirable range, following the adoption of techni-
cal preventive means from 1950.
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records of a mining company of Pinerolo (Piedmont).

Cumulative exposure for each worker was estimated from
the results of successive determinations of air dust content
from 1948 till today (see Figure) and quantified by calculating
an approximative value of the total amount of inhaled particles
during the employement period. This one was considered to
be finished at the retirement time for retired workers and on
June 30, 1974 for active workers.

To compute cumulative dust exposure for each man, periods
of job along which the dust level was uniform were selected,
then the number of particles per cubic foot was multiplied by
the number of years within each period and the resulting
values for each period were summed.

The cumulative exposure is then expressed as mppcf/years.
Thus, if a worker has been employed for 12 years at the follow-
ing exposure to dust: 10 years at 566 mppcf, 1 year at 440
mppcf, 1 year at 360 mppcf, his cumulative exposure would be
(10 x 566) + (1 x 440) + (1 x 360) = 6460 mppcf/years.

All workers were then classified on the basis of three ex-
posure levels for miners and millers as follows: (see also Table

Table 3. — Wital Status of 1346 Miners and 438 Millers With
Completed Follow-up and Respective Confrols (en Juna 1974)

Dwad livn Known Campes of Dasth

Miners + Ho. L] B4l AT

® 523 4.7 4.7
Centrols Mo, 1] 435 B3

: 632 368 95.5
Millers +. Ha, T 48] 218

T 518 487 96
Conbrals -+~ MHa. ] 163 254

: (3] 2 924

Takie 4. — Groups to be Compared: Distribution of Sabjecls by
Age, Lafemcy and Witsl Slatus

2)

Miners

Exposure Level 1 mppcflyears 566 - 1699
Exposure Level 2 mppcflyears 1700 - 5665
Exposure Level 3 mppcflyears 5666 - 12750
Millers

Exposure Level 1 mppcflyears 25 - 141
Exposure Level 2 mppcf/years 142 - 424
Exposure Level 3 mppcflyears 425 - 906

Broup With Eisk Group Used
Under Exarinxlion xs Conlrol
Age Breups yre. Apa Geoups yra
Latmagy <10 380 51T #*0| <30 3050 S »70
Obs. i :
ol 'EO'e Ma mta ‘e o fu
=10
W TR TE2 YR T |'m Ye Mo To
e e tee e e |te e o Tw
11 - 20 il Id,
(1

However we should remember that miners and millers ex-
posures are not comparable because air dust in the mines in-
cludes a certain amount of inhalable silica particles (see Ap-
pendix). Therefore we have separately studied miners and
millers obviously excluding from the cohort of millers all sub-
jects who have worked in the mines even for a very short

period of time. We gathered a total of 1514 miners and 478 °

millers qualified by our definition of the sample.
For purpose of comparison with a non-exposed group we

Table 1. — Follow-up $tatws of Tale Mimers and Millers (1921-1574).

Minees Todal Found Unkrwn
Ne. 1514 13¢5 168
T 100 K] 101
Millers
Mo i 438 L]
% Y 100 915 B4

Table 2. — Disiributian of Tolsl Member of Imhaled Particles in
Minars amd Millers With Comalefed Fedlow-up,

Eap. Lemal 1 Exp. Lewed 2 Exp. Lewel 3 Total
Miaara 566 - 1693 1700 - 5565 SEER . 12750
mppedfyeer W 49 W 6 T adro
o, 05 4n 518 1345
% 0l k1w B/ 100
Millara 5. 1l 142 - 424 425 . 906
mapciyears W Wi W 651
Ha. 163 144 131 433
% 172 24 299 100

Journal of Occupational Medicine/Nol. 18, No. 3/March 1976
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thought it advisable to use an “ad hoc’ control sample
matched by age to the exposed workers sample, rather than a
comparison with national death rates which could introduce
some confounding variables (such as feeding habits, ethnic
characteristics differences etc ...).3 4

Control subjects were taken from the population of the town
of Alba which presents similar ethnic characteristics and com-
parable social and economic conditions. Alba is a Pied-
montese center, about 38 miles from the Pinerolo Valleys, with
a dominant traditional agricultural activity and very little indus-
trial development not involving any obvious hazard of occu-
pational diseases or carcinogenesis to its workers.

Every subject in the exposed groups was individually
matched to a control subject by the following procedure. From
the City Hall records all subjects born in the same year as a
given exposed worker and still alive at the time of his first em-
ployement were ordered and listed according to their month
and date of birth. Among these the first available (i.e. not
already used for matching) subject was selected as the
matched control subject. As it turned out, by this procedure
almost the full list of subjects potentially suitable for matching
was in the end included in the control sample.

Follow-up of Study Population

A follow-up procedure was instituted for every exposed
subject who had left employment and whose vital status
could not be determined at the plant as well as for the whole
control group. The City Hall registries of birth place and/or
death place provided information on vital status. Follow-up is
88.9% complete on miners and 91.6% complete on millers.
Table 1 shows the follow-up and vital status of the exposed
population and their controls, as of June 30, 1974.

The distribution of all workers on whom follow-up was
complete according to the Exposure Level is shown in Table 2.

187
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Table 5. — COwerall Mortalily — ObservedExpected Deaths
by Interual Between First Expesare and Death
(by Exposed vs Comtrols Comparison).
Winarg Millars
Latency yra. Db Eup, Rutiz D Exp, Raky
L+ 10 BAME42 (VR e 16296 54+
11- 28 11071196 092 4517 110
£1- 10 2083 n.ar GEETR 0.7
340 TS 0.5 STRE 0.rat
L] 126/157.5 QAo+ M3 080
S+ 9714.1 064" 445 .85
Tatal e7aLe 0.88% 2172584 n.Eet

* Statistically significant at 5% level
+Statistically significant at 1% level

The information relating to cause of death was obtained
from death certificates for both exposed and controls and was
coded according to the International Intermediate Classifica-
tion of 150 causes of deaths with additional items (mesothelio-
ma, silico-tuberculosis) related to the possible effect of oc-
cupational exposure. Death certificates are the source of in-
formation used by the ltalian Central Institute of Statistics
(ISTAT) to compute national mortality rates. Although they
may not always be completely accurate, they are available in
a high percentage of cases and are suitable for epidemiological
purposes and widely used, by many authors,6-10 allowing to
compare two populations with homogeneous diagnostic
criteria. A total of 1840 death certificates were collected.

When the cause of death was not found by death certificates
or if there were not enough indications for diagnosis (e.g. car-
diac failure reported as death cause) a further enquiry was
started with relatives of deceased, attending physicians or ex-
amining hospital records for hospital deaths.

A further number of 112 causes of death (59 for miners, 39
for miners controls, 5 for millers, 9 for millers controls) were
so obtained to give the total number of known causes of death
reported in Table 3.

The subsequent statistical analysis was conducted on 1346
miners and 438 millers on whom follow-up was complete.
Workers reported dead but for whom neither death certificates
nor the above sources of information were available were con-
sidered as deaths due to unknown cause.

No smoking data were available for dead people in exposed
and control groups. However, as the two populations (exposed
and controls) come from areas previously studied from ethnic,
social and economic point of view, we have no grounds for
assuming that there are differences in smoking as well as in
feeding habits.

Methods of Analysis

Statistical analysis was conducted by a comparison between
exposed groups (miners and millers) and their matched con-
trol$ and, within exposed samples, by an internal comparison
among the three above mentioned groups with different
cumulative dose of inhaled particles.

For both exposed versus controls comparison and internal
comparison a modified life table technique, adjusting for age
by indirect standardization method" was used to compute ex-
pected number of deaths.

Age intervals were: <30, 30-50, 51 - 70, > 70.

188

Latency periods (interval between first exposure and death)
were: 1-10, 11 - 20, 21 - 30, 31 - 40, 41 - 50, > 50,

General outline is shown in Table 4.

Number of deaths to be expected on null hypothesis for
each age-latency period sub-group at risk under examination
(Ze) was computed as:

Xei 4+ Xci
EXPECTED DEATHS =

X ZEi
Zii + Zaci

While for the comparison between exposed workers and
controls the “combined group” (exposed + controls) was
taken as the reference group (Ze + Zci), the comparison
among classes of differently exposed workers the whole ex-
posed group was taken as reference.

Deaths to be expected were computed for overall mortality
and for 22 major causes of death.

Expected and observed values of deaths were added up for
different ages within each latency period cell in order to exam-
ine the total impact of mortality along the observation period
(see Tables 5, 6, 7).

Pooling for age and latency was performed for comparison
according to specific causes of death (see Tables 8, 9, 10, 11,
12). The ratio of the number of observed deaths to the num-
ber to be expected provides an indication of the excess of mor-
tality in the group with risk under examination in respect of the
standard population (reference group).

One degree of freedom ‘“‘chi square” tests were used to
assess statistical significance of individual comparisons (ex-
posed vs. controls, exposed at Level 1 vs. exposed at Level 2

Table 6 — Miners: Overall Mortality — Observed and Expected Deaths by
Interval Batweer First Exposure amd Death (by Inbernal Comparison).

Exp. Lewml 1 Esp. Level 2 Exp. Lawel 3

Lakency yrs,

Obs.Erp.  Ralis | Oks.Eap, Rella | DbsEap,  Ratie

1-10 361245 14T+ | 3eaa LA J18.7 s
11-20 20337 1.13 421354 1.18 28097 0
1130 BEMG5 1.4 LN 1.08 g1a72 0.33
3 -0 50537 093 1414 0.53 9731 1.3
Al -5 A0S 101 322348 107 51552 0%
M+ Itk 0.7 .l 038 5.4 1.1

Tolal 132G OB M9087.2 L1 | rEA983 oA

* Statistically significant at 5% level
+Statistically significant at 1% level

Table 7. — Millers: Dverall Morlallty — Observed/Expected Daaths by
Interval Betwees First Exposure and Death (by Infermal Comparisoa).

Exp, Lewel | Enp. Level 2 Exp. Leved 3
Lakency yrs.
Obs.Exp. Ratis | Obs.Eap. Retio | DbsEap, Ratie
1-10 W6 L34t 54 0.38 2.8 —

11- 20 WAET 120 LINES 1.24 ALa o
-3 12213 117 10014.5 L lamzr e
3140 e 108 15/10.3 146 19244 078
4] - 50 1028 078 4a.7 L.c8 HIE 111

A4 Elra ] 1.15 M6 — 1A .n

Telal 102843 L15 BAS2A 122 LR 0,73¢ —J
* Statistically significant at 5% level
tStatistically significant at 1% level

Mortality Study of Talc Miners and Millers/Rubino et al
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and 3, etc . . .) standardized as previously described for age or
for age and latency. ' '

In each table a single asterisk indicates the ratios which had
a prohability of 0.05 of occurring by change and a dagger indi-
cates those which had a probability of 0.01 or less. Statistical
significance of comparison between cells containing less than
five cases was not tested.

Results

By exposed versus controls comparison the observed overall
mortality of talc miners and millers is significantly lower than
expected. There are 704 observed deaths compared with 791.2
expected among miners and 227 observed compared with
258.4 expected among millers. .

Table 5 shows that no relationship exists between the ratio
of observed to expected deaths and interval between first ex-
posure and death. Among miners a number of individuals,
who died more than 41 years after their initial exposure, has
been found significantly below its expected values.

By the comparison among different exposure classes the
ratio does not increase with increasing exposure. As shown in
Tables 6 and 7 in both miners and millers an excess of ob-
served to expected deaths occurs at Exposure Level 2 for the
total sample. In the “high” exposure groups the excess does
not persist and on the contrary statistically lower than expected
number of deaths is detectable. Neither in this last group nor in
the others are there increases in ratio with increasing interval
between first exposure and death for miners and millers.

When the overall mortality of study populations is sub-
divided according to cause of death some major patterns
emerge for miners. Table 8 shows that by exposed versus con-

trols comparison death from all respiratory diseases is signifi-
cantly higher than expected as opposed to malignant
neoplasms as a whole, cardiovascular diseases, gastrointestinal
diseases and ““all other causes” which show a number of ob-
served cases significantly lower than expected.

Splitting respiratory diseases by kind provides evidence that
the excess of mortality in exposed miners is due to the high in-
cidence of pneumoconiosis with or without tuberculosis.
Among all malignant neoplasms, lung cancer shows an in-
cidence significantly below its expected values.

By comparison among different exposure classes as shown
in Table 9, the ratio of observed to expected deaths from
respiratory cause constantly increases with increasing exposure
because of the excess of pneumoconiosis in people with great-
est exposure. An increasing trend is also shown by larynx can-
cer but the number of cases is too small to assess significance
of comparison. For all malignant neoplasms, oesophagic and
gastric cancer as well as for tuberculosis and senility the ratio
decreases with increasing exposure but no significant values
are obtained in any cell to refuse the hypothesis of no dif-
ference among the three groups.

No clear decreasing or increasing trends are detectable for
all other causes of death in miners.

Millers show an observed number of deaths below its ex-
pected values for cardiovascular diseases (Table 8).

As shown in Table 10, for all causes of death there are no
consistent relationships between the ratio and the exposure
level. Considering the trend of mortality by cause and by in-
terval between first exposure and death all malignant
neoplasms and lung cancer decrease in miners with increasing
latency (see Table 11) as opposed to respiratory diseases as a

Tabls B, — Miners ard Millers — Obsarved/Expected Deaths and Ratios by Caese (by Exposed vs. Gontrols Camparison).

Minars Welary

Cousa ol Duakh

b Eop. Rakio D Erp. Ratin
Tubereulosis (all sibes escest cases assaciated wilh- sliicosis) 45004 1.91 a4 1]
Respiratory ¢isenses (all escepl pulstomary bsbarculisis) L40JLE1.8 1.38% 25214 .17
Respiratory digeases, scwle 45M4.7 1.8l 11LE E]
Silicosis £2009 1ol 12l 143
Sillep boyecobanls 1.1 B 1584 20 2.00
Respiratary disesses, chionk 15170 hE ] L1087 148
Other infechious diszazes 1 13175 0.4 5 ns?
Malignast nenplasms 100129.5 0.7+ 410453 s
Wiglignas! nenplasms, @rgnx 653 1.08 1.1 —
Maliptanl neaplasms, karg, bronchus and braches 9/18.7 046 4E.5 &2
Muigrant neaplasss, plura {mesokhelizma) 0.5 — L5 Lo
Maligaant meaplesms, pesophagus 15115 1.25 Th.2 1,36
Maigrant mezplasme, stimach aRE3 259 TL0E 0.65
Wakignant secplasms, inbesling 13064 e 5.1 0.8
Walignant neoglasms, liver (pricarg st or metastases) &5 0.Ed 7.2 125
Walimest neoplasms, ofher $iles £3739.9 058+ 054 1.06
Nervous syslem dissases 9.9 .91 425 188
Canduvascular diteases 108278, 075+ TER70 LTEt
Diigestive organs diseasss 19541 043 0H1E n.az
Seniliby (K ] 113 445 0.87
Accidenls BEBLT 15 PN 1.05
A clher caises T3R15 0.5t a5 1.92
Unkzwm 1 g

* Statistically significant at 5% level
+Statistically significant at 1% level
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whole which significantly increase with increasing latency. We
should underline that for silicosis with or without tuberculosis,
the ratio shows unchanged values over time because of the ab-
sence of pneumoconiosis in control sample (see computation
of expected deaths), but the number of observed cases shows
a constant increase with increasing latency, which explains the
excess in ratio for all respiratory diseases.

As shown in Table 12 for millers only one pattern emerges:
the ratio for all tumors increases with increasing latency, but
the number of observed deaths remains less than expected in
any cell.

Two cases of pleural mesothelioma were found in controls
death certificates, confirmed by hospital records, but no
autopsy data were available to the investigators. The occupa-
tional anamnesis carried out with relatives has not revealed
any exposure to asbestos dust.

We should also underline that in both miners and millers a
number of oesophagic cancer cases higher than expected was
found, even if the small number cannot provide statistical
significance to the comparison.

Discussion

On general grounds, differences between exposed and con-
trols mortality as we observed could be due to several factors:
(a) a biased selection of the exposed groups; (b) a difference
in recording mortality in the exposed and in the control
groups; (c) the well known effect whereby occupational
groups experience a lower mortality than controls taken from
the general population because of a selection upon starting
work; and (d) a lack of comparability of the two groups.

Cause (a) can be excluded because all the workers who
have been enrolled between 1921 and 1950 and who have

worked at least one year (therefore including a substantial
number with a very long period of observation) were included
in the study.

Cause (b) seems very unlikely: methods of data collection
on mortality were the same for the two groups (exposed and
controls respectively) and in both groups a similar number of
cases were lost to follow-up for reasons unrelated to mortality
(as accidental destruction of record files at the local City Hall
registries, carelessness of clerical workers, etc .. .).

Cause (c) is less easy to discard, although a definite in-
dication that it cannot provide the entire explanation for the
higher mortality in control group comes from the uniformity of
the mortality ratio during the observation period. Assuming
that lower mortality of the exposed group is due to selection of
more healthy individuals, the effect would have vanished after
one or two decades: on the contrary it remains practically un-
changed for the whole period of observation (see latency
tables).

Cause (d) could be the main contributor to the observed dif-
ferences. As already mentioned (section Data Collection) male
controls were matched by age to exposed individuals and
drawn from a population similar in economic and social struc-
ture and general habits, However, it could be possible that the
matched population exhibits (for not easily understandable
reasons) a constantly higher death rate in respect to the whole
population of the Piedmont Region. But this is not easy to
verify because of the lack (so far back in the past) of regional
statistical data fit for this comparison.

It may be concluded that exposed vs. controls comparison
has to be taken with caution and not generalized as confident-
ly as if no doubt would exist on control group adequacy.

However further insight, in accordance with exposed versus

Table 9. — Miners — ObservedExpeciad Deaths and Ratios by Cause (by Inbernal Comparison).

Exp. Lewel 1 Erp. Lownl 2 Exa. Lowal 3

Caume of Duath

0bs. Exp. Ratin OksErp, Rallo DbsErp, Ralio
Taberculesis (o silen eweapl cases mnsocisled with silicosis) 1Ta4 1.18 1322 Lo7 15M13E .81
Respireiory disesses [all except pulmansry fubenculoais) 26369 0.0 13083 1.05 FLTTA 113
Ruspiratory diseases, acuba arnze 0.71 18114 1 ] 201E08 .96
Siicusis an4a9 0.54* 14n54 0.89 40018 1.2
Sllicabaiberculasls 1.3 0.23 G5l 1.18 1186 L.28
Bespirabory disaases, cheanic 85,1 1.57 mns 0.57 Gl 0.82
Olher infscious diseases 448 1.05 200 0.65 162 113
Makgnant nemaliasms HiaLe 1.19 Fi ] 049 34335 086
Malgnant neoalasms, larys 1.5 067 14 1.1 431 .29
Mulignant neealasms, lung beonchus and Iraches ng 111 1ns 0.53 504 1.14
Mabgnant nepalasms, plears (mesolheliona) - — —
Mukgnant mecgiasms, pasophagus BB 1.25 LR 0.98 559 1] |
Malgnant neoalasms, slemach 1202 1.30 e 0.52 L] 07 |
Malignant mecplasms, Inbasling 438 1.03 44 L.18 555 31
Mafignant mecalasms, liver (primary sibe or melastases) 1iLE 0.63 4l 1.50 17 8] L] |
Mafignant meplasms, olher siles 11z 1.34 TE 030 568 e ] |
Nervaus syabem diseases 128 1.07 i3 0.87 409 1.03
Cardiovason'ar diseases BER1T 1.04 TIE13 1.23% 7181 g2
Digeslive organs diseasss 161148 1.08 1znay 0.94 21215 098
Saniity 50 1.25 k] 1.07 4459 oAl
Actidents 237208 L1l FIAE 1.26 137254 o
Al other causes 1ar 1.43 2 0.7 88 082
Unkamwn n — 3 — E —

* Statistically significant at 5% level
tStatistically significant at 1% level
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controls comparison, may be gained by the internal com-
parisons of groups of workers exposed to different cumulative
dose of inhaled particles and splitting total mortality by cause.

For millers no clear dose-effect relationship shows up either
for total mortality considered over time of latency, or for cause
of death.

For miners the only one clear pattern emerges for respiratory
causes of death: here, in spite of the lower overall mortality in
the exposed group, an excess of mortality is present in the ex-
posed versus controls comparison and as an increasing mor-
tality with increasing dose and latency period. The trend of
mortality from respiratory diseases in relation with dose and

latency and the different incidence of silicosis respectively in
miners and in millers, allow us to assume that inducing facto
is silica rather than talc. '
The deficit of tumors in the exposed in respect of controls is
supported by the absence of any dose-effect pattern and is
more easily interpreted as just one aspect of the lower mor-
tality of the exposed group. The lack of lung cancer in miners
is similar to that observed by several authors: Kennaway and
Kennaway,’2 and more recently Goldman,13 Ashley,14 En-
terline's and Liddell'6 have found a strikingly low rate of lung
cancer in coal miners. Gooding'” has found an incidence of
lung cancer of 0.5% in the autopsied cases among 592 coal

Table 10. — Miliars — ObsarvedExpected Deaths and Ralios by Cause (by Inbernal Comparisan).

Eep. Lowil | Dop Lowed 2 Exp. Lewed 3

Causs of Demth

Obs.Exp, Ealle (1, -8 Rakle Obs. Exp. Ratle
Tubereulesls (all sites eecepl casas aseatisted with silieosis) 32 1.19 (1] 1.3 133 0.30
Respiralory disexses (all excepl pulmonary fubergulesis) 1109 LIl WES 130 581 D2
Respiralory diseases, soute 3.7 1.08 5ET 1.35 1.1 0.3z
Silicosis 1.1 (L 205 i a3 re—
Slice-lukencelosls 14 — 108 111 13 ERE]
Respiraloty disexses, chranic BT 1.28 mnr .59 LIk} 79
Caher infectious diseases 2.1 1.82 04 _ S5 —
Walignes neaplasms 181835 109 1337 134 11156 0.
Malignant neoplasms, largnn -k 2 2k
Malignand neoplasms, lung, Swonchust amd |raches EiE} 167 108 1.25 13 —_
Walignint neoplasms, plewra (masolheliena) o = s
Walignanl recplasms, oasoptagus 34 1.18 0n 200 174 042
Walgnint neoplasms, siomach T 1.11 il 118 e 0T !
Malignant recplesms, inbesling ne 111 inz 0.83 b ] 1.05
Malignant reoplzsms, liver (primary siba or melasiasss) Fr ] — mna 1.58 GBS 1.33
Melignant recplesms, other sifes M4 1.36 4.l .28 L] 1T
Nemvous sysbam diseases mns 1.3 0.7 — | =z 1n
Cardlovastular Ssnasas 20065 145 2015.2 132 | w0z ]
Digeslivn organs diseases ma 0% L] 0.3 I' 9.7 143
Senilily 1A L 2115 125 A6 —
Aetidenls 15011 136 T3 054 6B 258
A ekher tauses s 35 s L i LIt
Unkemwn Ll P Ry

Tabda 11. — Miners — Observed/Expected Deaihs by leterval Bebweem First Exposure asd Death and by Selecled Causes
{by Exposed vs. Controls Comparison), -
Latemcy yrs.
Couse of Deakh
Lk - (X1 ]

Obs.Eap, Ratin Dbes. Exp, Ratln ObeExp. Eatls
Wakgnant sesplasms 19720.1 0gs 55733 075+ 26056 ore
Makgrant meeplasms, lanyee s 105 i) 13 nz &
Maigrant macplesms, lung, Beoachus and traches 14 o7l 5142 LAzt 1l 044
Malgeant mesplasems, sesoshagus A o8 178 1A Efed ] L
Maigrant naoplesms, scemack ] (1] 13154 1.4 i85 LEx]
Meigeant neoplesms, Inlesiine na 1.0 ARG 053 i3 11
Maligeant neaplesma, fwer (pelmary sile or mefasteses) 419 LIl 1/2.9 [k!] 127 a1
Tubercukeais (all sifes excepl cazes assotisled milh silicedis) 23786 07l 0/18.4 135 mn Lo
Bespiratory diseases (ol sacapd pulmonsry lubescalosis} 281235 (8] TaEdA LA+ k[ Tk R 151+
Respiralory diseases. acube a1z 1.80 ELTEl 1.10 7 am
Slllensts 1154 20+ Wizl 1.9+ 2134 201%
Sllienduberculosis 4 214 1051 196t 526 182
Respiralory ciseases, chranic E55 0.91 BG4 1.25 5.2 0,38

* Statistically significant at 5% level
+Statistically significant at 1% level
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miners in South Wales, while Doll,"® in reviewing all the
autopsies of male subjects in general hospitals in England, has
found an autopsy lung cancer incidence of 6.2%. No risk of ex-
cess of lung cancer was detected by Waxweiler? examining
death certificates of potash workers.

Therefore our findings are in accordance with the hypothesis
that lung cancer is unrelated with underground mining, in ab-
sence of specific cancerogenic agents (radon daughters,
asbestos, haematite).

Oesophagic cancer has shown an incidence in exposed
groups higher than expected, aithough not statistically signifi-
cant. This needs further studies at a more advanced status of
the follow-up. :

In conclusion exposure to silica in talc mines increases the
risk of death from respiratory causes. No increase of risk is
detectable for other causes of death in miners nor for any
cause of death in talc exposed millers.

While Kleinfeld’s Study provides evidence of cancerogeni-
city risk when talc mining or milling is a source of asbestos ex-
posure caused by fibrous contamination, our conclusions sup-
port the thesis of no cancerogenic effect attributable to pure
talc. From these considerations emerges the definite indication
that adequate environmental analyses must be performed in
case of exposure to talc!? to assess the possible presence of

fibrous materials contamination and to provide in this last case
to an'adequate prevention,

Appendix
Results of mineral samples examinations and of environ-
mental determinations are reported in this Appendix.

Mineralogical Examinations

A greatly detailed report on minerals coming from the mines
and the mills of Val Chisone was carried out by Dr. Pooley* in
1972. The examined samples included footwall contact rocks,
rock type inclusions, carbonate, calcite and magnesite inclu-
sions and talc specimens from mines as well as talc powders
from mills. Specimens were examined by optical and electron
microscopy and by x-rays diffraction.

For specific results of each examination we should refer to
complete text. However, patterns emerging from the con.
clusions of the authors are the following:

Footwall contact rocks are mainly composed of mineral
quartz, muscovite, chlorite, garnet, some carbonate material
both calcite and magnesite and other materials in minor
amount. Rock type inclusions in talc have similar composition
to footwall rocks.

In few specimens of footwall rocks as well as in inclusions

Table 12. — Millers — Obsarved/Expected Deaths by Inferval Between First Exposure amd Dealh and by Selucted Causes
(by Expesed ws, Canirols Comparisan).
Lalmncy yra
Causa of Death
(¥ 2-40 +l
(CibaExp. Raflo Obs. Exp. Ralla e Eap, Rulls
Maigranl nzaphisns 284 083 426.1 [ L] 1103 o
© Malignaal mesplasme, laynx S = G =it + C
Malignant secglasms, lung, brenchus and trachea L5 _ 1.5 &7 £ DET
Mallgneat necplesms, oesephagms o — 50,1 1.2 il 18
Malignaat necplasms, stamach 25 ({1 5.0 033 3 130
Walignaat ntoplasms, inlesling I (BE 0 100 N5 —
Malignant nesplasms, liver {peimary sile or mebastases) 11.5 104 6.1 113 ne 133
Tubarculesis (all siles dacead cases assacizled with sllieosis) 8.0 067 6H.0 153 -l —
Respirstery dissazas (08 eacapd pulmenary lubsrculosis) 14 08 1 145 Mk 053
Respiraloey ciseases, mcule 46 0EE 05.0 1.2 M5 —
Silicosiz - — FE 125 105 m
Silicoubarculosis 1.5 i 1n5 o + =
Respirstery disasses, chronic 2.5 133 B 1M il —
* Statistically significant at 5% level
Table 13, — Dust and Fiber Count al the Varous Operations in the Mines and in the Mills
pre 1948 15948 - 1955 1556 - 190 1961 - 1965 1946 - 1974
fest count® Dusk eourt® Bust eeunt® Bigat cound® Busd- eount® Fibar coust®
mppef  drem uliica % | mpped free silca % | mpped frem allia % | mppd  free a¥ice K | mpacd  free sllica T libers/mi
»Suln length
[ 11711
rilling 798 1 02 L] 1 17 11 1] 3 12 001
Maching i t bl i £ B 1 03 i 0,01
Garying 421 + 151 I 15 | L] ] L] 15 +
M=y
Wiling 18 3 12 1 B il [ 1 1 fl .01
Pulserlaing i £ 19 ] 14 1 § il 5 ] +
Bagging 15 3 n £l 1 il 13 t B t T

* Average of mppef in the years within each period
tNot measurable
$Data not available
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of rock and carbonate a little amount_ of tremolite was detect-
ed. Neither other types of anphybolic asbestos nor chrysotile
were detected in any amount in rocks and in inclusions.

Talc specimens were found very commonly contaminated
by chlorite. No anphybale or chrysotile minerals were detected
in any of the examined talc specimens.

free silica content in this talc is discussed: by x-ray diffrac-
tion neither Parmeggiani in 1948,20 nor Rubino in 1963,2! nor
Pooley in 1972 have found detectable free silica amount
(quartz peaks) in mineral talc powdered specimens. By con-
trast an x-ray diffractogram performed by Jerry Krause
(Colorado School of Mines Research Institute — Personal com-
munication in 1974) on samples of commercial Val Chisone
talc powder has shown a minor amount of chlorite and quartz
plus very minor to trace amount of magnesite and dolomite in
addition to talc.

This could be due to some microinclusions in talc, observed
also by Pooley, which, as well known, are not even detected,
and then eliminated, by means as pre-milling photoelectron
screening used in Val Chisone mills.

Analytical examinations conducted by Grill?2 on mineralogi-
cal composition of rock strata in Germanasca Valley have
shown that is not possible to state an average value for quartz
amount in footwall rocks. This value can vary in a range which
is assumed by Parmeggiani in 19482 to be from 10 to 25%.
Rubino?! has indicated an average amount of 45% in the strata
mined in 1963.

Environmental Determinations

Environmental data were available for mines and mills since
1948, In sampling and measuring airborne particulate contami-
nant, termic precipitator and optical microscopy for dust count
were used until 1964: these measurements were performed by
the mining company.

Since that year determinations were carried out by the De-
partment of Occupational Medicine, Turin University, using
membrane collection technique and optical microscopy.
Conditions in microscopy examinations were the following:
enlarging 500 x, transmitted light in phase contrast for free
silica, polarized and dark field for fiber count.

The trend of workroom air total dust in respirable range (0.5
- 5 yas defined by British Medical Research Council criteria)
and expressed in mppcf is visualized in Fig 1 for the whole
period of observation of the exposed workers.

The trend was obtained by linking the points corresponding
to the dust level in the years in which air dust determinations
were carried out. As no changes modifying the environment
occurred before 1950, dust level in the years 1920 - 1950 was
assumed to be uniform and equal to that of 1948. The decrease
of dust content from 1950 to the actual values in mines is due
to the successive applications of means of technical prevention
which can be summarized as follows: Period before 1950 was
characterized by dry drilling and the absence of any forced
ventilation system.

Since 1950 wet drilling was introduced and more widely ap-
plied in the following years.

Forced ventilatory system was applied in the years 1958 -
1959 by air introduction and consequent dilution of dust until
1963 and by complete exhaust system after that year.

It should be noted parenthetically that adoption of preven-
tion means was encouraged by the law n. 198 of March 4,
1958 on Rules of Policy of Mines, which establish in the mines

Journal of Occupational MedicineNol. 18, No. 3/March 1976

a limit of 650 particles (in the range 0.5 - 51} per cubic centi-
meter (that is 18.41 mppcf). :

Actual values of dust level in the mills were obtained by
successive improvement of dust suction systems.

Table 13 shows a remarkable difference of free silica amount
in air dust respectively in the mines and in the mills and within
the mines jobs between drilling and other operations. This is
due to the high content of quartz in footwall rocks and inclu-
sions as opposed to the absence of free silica in talc minerals.

The small amount of free silica in mills operations is due, as
above mentioned, to the actual incomplete screening of talc
inclusions. The same explanation could be given for the very
small number of fibers in air, caused by possible microinclu-
sions of rock containing little amount of tremolite.

*=An examination of italian Mine Samples and Relevant Powders”, ). Lighfoot,
G. A. Kingston, F. D. Pooley, Department of Mineral Exploitation, University Col-
lege Cardiff, 1972,
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