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INTRODUCTION 

The term "talc” in the mineralogical sense denotes a specific rock-forming 
mineral of the sheet silicate category; however, “talc” when referenced in the 
industnal or commercial selting may represent a varned mixture of associated 
minerals with similar physical properties as the mineral talc (Rohl et al . 1976) 
Minerals commonly found associated with the talc include caleite, quartz, diopside, 
magnesite, serpentines (chrysotile, antigonte ar d lizardite) and fibrous and non- 
fibrous amphiboles (tremolite, anthophyllite and actinohte) (Rohlet al., 1976. Stem- 
ple and Brindley, 1960). Few studies, however, have been undertaken which 
adequately charactenze the various minerals to which talc workers are exposed and 
simultancously delineate the latent disease manifestations associated with those 
work environments 

Recognizing the need for additional research with regard 1o health hazards 
from industnal talc exposure, the Natonal Insttute for Occupational Satety and 
Health (NIOSH) has undertaken an industrywide pregram 1o study the taic mining 
and milling industry for two different geographic areas, New York State (fibrous talc) 
and Vermont (non-fibrous talc). This program included detaled industnal hygiene 
studies to characterize the various agents to which workers have bees exposed, 
cross-sectional medical surveys 10 evaluate respiratory imparment and retrospec- 
tive cohort studies to evaluate laten! diseas patterns among workers having been 
exposed o talc in the work environment 

The present report will restrict itself to an investigation of fibrous talc as mined 
and milled in the Gouverneur Talc Distnet of upper New York State. This “talc” 
mining disirict located in St. Lawrence County represents a complex association ot 
amphiboles (anthophylite, tremolite, otc ), tale, quartz, and serpentines (Ross. 
1974) Provious studios by Klenteld ef al (1967 1974) ol asbesttorm talc miners 
Aned e i thes dietoe Ehave domonsteated a sigeidcantly i reased propothionate 
mortatity due o both niabigoant and non ma® sant respisatory diseases. One com 
Pty e Lake s i dhetietmanbaans, that the e studies, are not appropnate with 
regard 1o all talcs i the Gouoverneur 1ol Distoct Thiss company has stated that talcs 
oxtracted from s onginal mine in the Gouverneur Tale Distnet did not contain 
asbesttorm minerats and has 5o cortified these tales as such 'ncontrast, however, 
Klemteld of al (1977) demonstiated the presence ol asbesttform tremohite and 
anthophyliite in talc oxtracted from this mine. To address ths contradiction, the 
present study was restricted 1o that one mine and mili reported to be exploiting 
non-asbeshtorm talc 
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The talc mine and mill chosen for this study began opeiations in the Gouverneur 
Talc District of upper New York State in 1947. Talcs extracted from this min¢ are 
used for a variety of applications including ceramincs, pottery artware, electrical 
nsulators, ceramic tile glaze and flux, paint fillers in putties, and In spackling 
compounds 

METHODS 

A retrospective cohort study was initiated to determine whether workers who 
have been employed at this mine and mill have expenenced any unusual mortality 
patterns. The study cohort was deiined as all white! males initially employed 
somelime between January 1, 1947 and December 21, 1959. This cutoff date was 
selected to allow for a sufficient latent pernod for any development of chronic 
disease. An effort was made to determine the vital status of each individual in the 
cohort as of June 30, 1975 and person years al sk and duraton of employment 
were accumulated until this date. Vital siatus was determined through records 
maintained by Federal and Stale agencies, including the Social Security Administra- 
ton, state vital statistics offices, and state motor vehicle registration, For those 
individuals who could not be located through these sources, U.S. Postal Mail 
Correction Services and other follow-up searches were used. 

For all those who were known 10 be deceased, death certificates were re- 
quested and causes of death were interpreted by a qualified nosologist according to 
the International Classification of Diseases (ICD Codes) in effect atthe ime of death 
and then converted to the 7th Rewision of the ICD Codes A modified e table 
technique wa -~ used to obtain person-years atrisk ot dying by five year calendar ime 
penods, by ive year age groups, by duraton of employment and by number of years 
since in'.al employment at the talc company. Comparison was made between the 
observeu number of deaths among the study cohort and the number expected for 
this populai. n using age, calendar time, cause specific mortality rates of the U.S. 

TABLE 1. Vital Status of 398 Talc Workers Employed Botween 1947 100 

Ko to be Alwve 08 (777 
Known to be Deceased 7 (19%4) 
{ tiknown Vital Status " (A%a) 

Tor s 

aeneral white male g spulation Thee vital Aot of 967 of the cohorlt was confirmed 
(1able 1) Thosewithan pnkenewn vital status e ansamed 1o be alive as of June 30, 
1975 S0 a5 not 10 overestimate the true ek ot mottahty associated with exposure 1o 
tale 

Those cohort members whore £acial Shitut was b whown were considered while 10f pUrpOses ol the 
tudy 
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MORTALITY PATTERNS AMONG MINERS 

RESULTS 

A total of 398 workers meeting the study cohort defimtion generated 8,733 
person years at sk of dying. Fifty percent of the workers were employed less than 
one year, while less than twenty-five percent were emplyed for ten years or more 
Tables 2 and 3 illustrate the distribution of the study population by duration of 
employment and by date of imtial employment. 

TABLE 2. Study of Cohort of Talc Workers Ancording to Lengtn of Employment 

I Duraton of Employment Number 
1 mounth 74 (18%) 

1 month - 6 months 97 (24%,) 

6 months - 12 months 3 (8%) 

1 year - W0 years 90 (23%) 

! 10 years 106 (27%4) 
Total 118 

TAALE 3. Study Gohort of Tale Workers, Aceordingg 1o Date of Inital Employment 

Date of lmtial Employment Nt 

1947 1940 174 (A475) 

1950 - 1954 Yot 139 9) 

1055 . 1959 na (17%e) 

Towl (T 

Tables 4 and 4a surmmarnze the deaths observed from the study cohert and 
those expected based on death rates for the U.S whilte male population. Although 
the overall observed motality i lngher than expected, this difference s not statisti- 
cally signiicant. However, several specilic caunses of death extid increased montal- 
ity. The standardized mortality ration (SMR)* 1s sigrilicantly elevated for the cause of 

SMIR observed deamhs/expecied deaths x 100D 
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TABLE 4. Observed and Expected Deaths According 1o Magor Cavse Amaoneg Taie Mioness and Milles 
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320 BROWN ET.Ale i 

| 
i Cause of Death Number Observed Expected SMR 

Respratory TB 001-008 30 049 Hno' { 

Malignant Neopilanms 140 205 190 106 180" 

Dineanes of the Hean 400-443 270 265 102 

All Hon Malignant ! 
Respiratory Discase 470-493 80 29 277 | 

Accudents E600 £999 100 64 156 ! 
Other Known Causes - 70 144 

Totl 740 613 120 

'pe 005 

p- 00 

I} 

| 
TABLE 4a. Observed and Expected Deaths According 1o Specitic Cause Among Taic Miners and Millers 

Cause of Deatn Number Otserved Expected SMR 

Maignant Neoplasms 140 20 190 106 180 

Digestive System 150 159 ) 50 100 
Fespiratory System 160 164 10 € 46 290 

B nchogem 10 163 90 y 3 2’0' 
L yenphatic and Hematoporeti 200205 40 12 330 

Other Neoplasms 20 29 09 

All Non malignant Respiratory 

Dise e A70 927 B0 29 280 

Intiuenza, Pooumonma 

Bronchulis and Acute Upper 

Hoespratory Intection A7 ) 10 1 <00 

Othee Non-maignant 

i ratary Disea ‘ } B30) 

' y 

3] ' 

death category alb mabgnant ceoplasans - wincho v partly due 10 e sgmbcant 

CEease i bronchogemc cancer (9 obs va 33 exp ., po 005 Other statnstically 

sigibicant increanes for specihe causes ol death occurred in the calegones: 'non 

malignant respiatory diseacas other than nllaenza, poeumona, bronchulis and 

acute upper resprtatory wdection (S obs ve 13 exp o, peo 005), and “respiratory 
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MORTALITY PATTEANS AMONG MINERS 

T8 (3obs. vs 0.49 exp . p 005 - two of which mention occupiational disease of 
the lung) and “lymphatc and hematopoletic diseases” (5 obs. vs. 1.3 exp., p- 0.05) 
One case of mesothelioma was observed 

Table 5 demonstrates the association between bronchogenic cancer and 'nter- 
val since inhial date of employment (latency). As seen, there s an increasing nsk of 
bronchogenic cancer with increasing latency, a trend consistent with an occupa 
tonal eholoqy. In addibon, the deaths due to bronchegenic cancer have an average 
latency ol 20 years a penod previously observed for a population occupationally 
exposed to anthophyllite and other minerals (Kiviluoto ana Meurman, 1969, Meur- 
man et al., 1974; Nurminen, 1962) 

TABLE 5. Bronchogemic Cancer Amang Tale Mincrs and Millers Accotding o interval Since Onset of 

Employment (Latency) 

Interval Since 

Onset of Employment 

(fears) Observed Foxpectod S 

0 0 0% 

1019 3 L 200 

20 28 6 13 140y 

Tot 4 31 27 

001 

Ihree addiional deaths due 1o bronshogenic cancer are shown 10 have occur- 
red among study members. Howevor, these deaths ocourred shortly alter the cuto! 
date (6/30/75) for analysis and therefore were not included as observed deaths 
One individual worked tor 17 continuous years at the tale company under study and 
died at the age of 50 The latency penod was 24 years. Another individual who 
worked for 2 months at the 1ale company died at the age of 54 The latency penod 
Wit 27 years The third lung cancer death was hat of o worker employed lor 12 
v s al e company undet study and B2 years previonsdy atarother New York Lk 

ompany. b died at the age of 59 and had alatency peood ol 223 years 
ALleast three cass of non mabgnant iespueatony decase imona study cohort 

members are known 10 have beon reponte 3 1o ihe New York Statee Workinen § 

Compensation Board These mdividuals iled workmen . compensahon clanms for 
(1) pneumoconiosts, chrome bronchitis, (2) Walcosis, pulmonary hbroas These 
nchvicuals worked at the tale company under study tor 1 yeats, 18 years and 25 
yeuars respectively 
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DISCUSSION 

The results of the present study demonstrate an excessive riuk of mortahty due 
10 both lung cancer and non-malignant respiratory disease among a cohort of talc 
workers occupationally exposed to asbestiform tremolite, anthophyilite and little free 
silica. However, several possible confounding factors must be taken into considera- 
tion before one can attribute these observed mortality patterns to occupational 
exposure received at this talc mine and mill, 

One such factor that has been shown to be correlated with the causation of lung 
cancer is cigarette smoking. The smoking patterns are largely unknown for this 
cohort as is the case with most retrospective studies. However, it has been es- 
timated that in a heavy smoking worker population, smoking by itself would increase 
the expected lung cancer mortality risk by nu more than 49% (Lundin et al ,1971) 
Thus. cigarette smoking is unlikely per se to account tor the increased bronchogenic 
cancer nsk observed among these talc miners and millers. 

Another factor to be considered is othar occupational exposure among cohort 
members resulting from prior employment. Several of these individuals worked at 
other New York State talc companies located in the Gouverneur Talc District. Dueto 
these considerations, an industrial hygiene analysis was carried out to compare the 
make-up of talcs in neighboring mines. These comparisons are given in Table 6. The 
analysis of amphibole fiber exposure characteristics between the talc operations 
acknowledged to have asbestiform talc and the mine and mill under study showed 
them to be substantially the same. Thus, while exposure levels in other talc com- 
panies may have been higher, all operations involve exposures 0 asbestiform 

TABLE 6. Compansonol Auborme Fibar Charactenstes i Stuty Ming and ML Opetations sith New York 
T.4lc Operations Acknowledged as Contaiming Asbestiform Minurals 

Avorne Fiber Asbestdonn Study Mine Stanstcal 
Charactenshc Mine and Ml and Mil Grticance 

Proporion Posative 050 ) 58 p 005 
Proportion Anthoy 647 045 

Proportion Te 0ol 013 o 000N 

r v snath 

Anthy yllites 'R um 145um NS 
Tremohite 1 55 um 

Meoedian Fiber Diamaeter 

Anthiopitiylite 0 n OV pn NS 

Teotmndite W 

A tan bt Aot HGatn 

Aty thite N 3] N' 

Tromolite 79 

Saol Fiber G o Lengih 

Anthepihy e ) a0 L 

Trestnotte @ 

Tovsutticn ot number of e, obrersed for £ateulation of S detnbulion parameler 

NS - Not sigoticantly diftorent al O 06 level 
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MORTALITY PATTERNS AMONG MINERS 

amphiboles with similar fiber charactenstics. These operations when measured in 
1975 were shown to have fiber exposures far in excess ol established OSHA 
asbestos standards. Thus, exposures to asbestiform tremolite and anthophylite 
stand out as the prnime etiologic factors associated with the observed increase in 
bronchogenic cancer and nonmalignant respiratory disease among this study 
cohort 

Of interest is the fact that four of ten deaths due 1o bronchogenic cancer in this 
cohort were employed less than one year in the operations under study and only two 
of these cases are known 10 have previous exposures 1o lalcs containing as- 
bestform minerals (One of the two was employed in such operations less thar six 
months ) Although this cohort is relatively small 1o assnss actual nsk due 1o these 
particular exposures, it may be plausible that bref perods of exposure 10 elevated 
concentrations of asbestiform minerals may be associated with an increased bron- 
chogenic cancer risk. Such an observation has previously been reported (Seidman ¥ 
etal. 1976) 3 

One death due to mesothelioma s known 1o have occurred in the study ! 
population. This individual worked for 16 yearsin the talc operation and had 11 years 
previous employment in construction work. Without full knowledge of this individu- 
al's exposure as a construction worker, it 1s difficult 1o arnve at any conclusions 
regarding the etiologic role of talc exposure from this mine and mill for this case 
Although previous studies (Kiviluoto and Meurman, 1969. Kleinteld et al., 1967, 
Klenfeld et al.. 1974, Muerman et al., 1974; Nurminen, 1962) have not shown an 
association between exposure 1o asbestform anthophyllite or tremolite and subse- 
quent development of mesothelioma, a more recent study in Turkey by Bans (1975) 
has demonstrated an apparent increased nisk of developing mesothelioma among 
residents of a particular community exposed to asbesuform tremolite probably from 
their drinking water. Therefore, the possible associalinn between exposure 10 [ 
asbestiform tremolite and the rnisk of developing mesothelioma should be further 
studied by continual follow-up of the talc workers included in this study 3 
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CONCLUSIONS AND RECOMMENDATIONS B 

A study ol moriality patterns among miners and millers of taic containing i 
asbestiform amphiboles (tremolite and anthophyliite) demonstraled excesu ve mor: 
tality due to non-malignant respiratory disease and bronchogenic cancer. These § 
results are in agreement with other siudies ol Hecupational groups exposed 10 the 
same or similar minerals or minaial mixtures. Although several cohort members had ' % 
penods of pror employment in neighboring talc operations, all mines and milis 
including the operations under study have been shown 10 have similar hber expo- . b 
sure charactenstics It must, therefore, be concluded that exposures 1o talcs from 
the Gouverneur minineg area are associated with anancn ssed nsk of bronchogenic 
cancer and non-mahkgnant diseases of the respicatory wystem 
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