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AN EPIDEMIOLOGICAL-INDUSTRIAL HYGIENE STUDY
OF TALC WORKERS

J. GaMBLE; A. GReIFe and J. Hancock

National Institute for Occupational Safety and Health, Appalachian Laboratary for Occupational
Safety and Health. 944 Chestnut Ridge Road, Morgantown, WV 26505, U.S.A.

Abstract —Two-hundred and ninety-nine {299) miners and millers exposed to talc from Montana,
Texas and North Carolina were examined 1n a cross-sectional study of respiratory systems, lung
function and chest X-rays. Work histories were taken from personnel records. Personal respirable
dust samples were collected for all jobs. Cumulatuive exposure was calculated by summng the
products of the esumated exposure for each job and the length of ume worked in that job. The average
tume worked was 7. 6. and 10 yr and the average exposure (cumulative exposure total time worked)
was 1.2.2.6.and 0.3 mg m ™ *1n Moniana. Texas. and North Carolina respectively Free silica content
of bulk samples was low (below the imit of detection in Montana. 1.5, in North Carolina.and 2.2,
in Texas) No fibres were observed under the light microscope. Under the transmission eleciron
microscope, tremolite and antigonite fibres (0.5-3 um length) were obscrved on the Texas talc.
acicular particles (aspect ratios 5-100 to 1 and some diameters less than 0.1 um) in North Carolina
talc. and no fibres in the Montana talc. The differences in age-corrected symptom prevalences icough.
phlegm. and dyspnea) between regions, when compared by both smoking categories and exposure
groups were not statistically significant. None of the symptoms showed any consistent association
with vears worked or cumulative exposure. Symptom prevalence was not elevated compared with
blue collar workers and potash miners. There were two cases (less than 1°,) of grade 1 small rounded
opacities The prevalence of bilateral pleural thickening among workers 40 yr or older was 7. 16, and
147, tn Montana. Texas. and North Carolina. and 0. 0. and 10°, in those less than 40 yr of age. No
non-smoker had bilateral pleural thickening and there was a slight tendency for the prevalence 10
increase with exposure. Workers with bilateral pleural thickening had lung funcuion 10-20°, below
workers with no pleural thickening. They had also worked twice as long (13 yr) and an average of
13 vr between beginming exposure to tale and the ime of the X-ray. THe prevalence of bilateral pleural
thickening was elesated in workers 40 yr or older compared with blue collar workers and potash miners.
There also were no demonstrated differences in prevalence when the subjects 1n this study were
compared with workers exposed to New York tale which contains tremolite and anthophsilite. For
the entire study population no association of reduced lung function with exposure w as demonstrated
After adjustments for age. height. and smoking. FEV, and FVC were not detectably different
compared with potash miners and blue collar workers; however, flow rates at low lung volumes were’
reduced 419", There was lutle difference among these three populations in age coefficients for
FEV,. FVC. and flow rates by smoking category. Predicted pulmonury function of the study
population was elevated compared with New York talc workers.

There were no significant increases 1n symptoms or pneumoconiosis among the study group of
talc workers nor significant reductions 1in lung funcuion; however. the average amount of time worked
by the study group was short. Bilateral pleural thickening was significantly increased and was
associated with decreased pulmonary function. The prognostic significance of the pleural thickening
awaits prospective evaluation.

INTRODUCTION
Tavrc is a mineral with a wide variety of uses in paint. paper. ceramics. cosmetics,
roofing products, textile material. rubber, lubricants, corrosion proofing compositions,
firc extinguishing powders, cereal polishing. water filtration, insecticides, to name a
few. Pure talc is a hydrated magnesium silicate, but the talc found in nature has a quite
variable chemical composition. The mineral contaminant in talc of most concern is
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842 J Gavsie, A Gretrr and J Hascocw

asbestos. Such contaminated tale can produce a clinical condition resembling that seen
on exposure to asbestos. The hazard from exposure to ‘pure’ talc free of ashestos
contamination is less well documented. The purpose of this study was to ascertain the
effects on the respiratory system (symptoms. lung function. radiographic) of exposure
to talc dust thought to contain no asbestos.

Talc workers in seven mines and eight mills in Montana. Texas and North Carolina
were studied in this cross-sectional study. The mines in Montana and Texas were
typical open pit operations, while the underground mine in North Carolina employed
square set timbers and stopes. In each mine examined. typical mucking techniques were
employed. ANFO (ammonium nitrate and fuel oil) was the most common type of
explosive used. ' .

Following extraction of the ore. the talc was hand sorted to remove extraneous
material. as in Montana. or went directly from the mine to the primary crusher. Froth
flotation and heavy metal separation techniques were not used in any facility examined.
Following initial crushing. the talc might be calcined. as in the case of ceramic grade
talcs. before being ground using dry grinding methods into the final product. Once the
talc was ground to the appropriate mesh size, it was sterilized as in the case of
pharmaceutical grade talc and then shipped in bags or bulk.

The specific questions being addressed in this paper are: (1) What is the prevalence
of symptoms and abnormal radiographic findings by exposure categories within ¢ach
region? What is the association of exposure with reduced lung function? (2) After
adjustment for confounding variables. how does the study population compare with
other mining and non-mining populations in the prevalence of symptoms. abnormal
radiographic findings and mean lung function?

METHODS

The study of population consisted of workers who mined and milled talc from three
regions of the United States: Montana, Texas and North Carolina. Although several
different companies may be involved, the results for each region were combined and
analysed. Since there were no demonstrated differences among the regions by age.
smoking and exposure groups, the combined results of all regions are presented in this
paper. Over 90°, of the workers participated in. the study.

The industrial hygiene portion of the study took place in every facility in which the
morbidity data were collected. Personal respirable breathing zone samples were
collected utilizing a Model G MSA* pump and a 10 mm nylon cyclone. These samples
were analysed for respirable dust and percent quartz and cristobalite. The quariz and
cristobalite analysis was done by X-ray diffraction (NIOSH. 1977). Time weighted
averages (TWA ) were obtained for each job classification at each facility. General area
dust samples were collected on open face cellulose acetate filters and were analysed by
atomic absorption for iron. manganese. calcium. aluminium. zinc and nickel (NIOSH.
1977).

From each ore body airborne dust samples were collected on open face cellulose
acetate filters and analysed by phase contrast microscopy for the presence of fibres

* Menton of brand names does not constitute endorcment by the USPHS.
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{NIOSH). Analysis for fibrous tremolite and anthophyllite was done on bulk and
airborne dust samples utilizing analytical electron microscopy (NIOSH. undated).
Bulk samples from each ore body were analysed for calcite and dolomite by X-ray
diffraction (NIOSH. 1977).

All workers were administered either a Spanish or English version of the British
Medical Research Council respiratory questionnaire by trained interviewers. Non-talc
work histories were obtained in the interviews: work experiences at the talc facility
were obtained from company records. Standard postero-anterior chest radiograms
were read by three 'B' readers using the ILO U C 1971 scheme. The films were read
independently without knowledge of age, occupation or smoking history. The median
of the three readings (ie. the middle number) was used for analysis. Flow volume curves
from a minimum of five forced expiratory manoeuvres were obtained and recorded on
magnetic tape using an Ohio 800* rolling seal spirometer. Values from the maximum
envelope were used for analysis. Sputums were collected on workers > 35 yr of age.
Personal environmental samples were collected on day shift workers and were used to
estimate talc dust exposure for each job. This estimate was then used to calculate
cumulative talc dust exposure by multiplying job exposure by time and adding the
results. The association of lung function and exposure (cumulative exposure and years
worked) was analysed by multiple regression. Years worked was divided inte <3, 5-9,
and = 10 yr worked categories for analysis of symptoms and pleural thickening.
Cumulative exposure was the estimate of total exposure to respirable particulate over
all vears employed and was divided into low (<2mgm™?xyears). medium
(2-6 mg m~* x years) and high (>6 mg m~? x years) exposure groups for analysis of
symptoms and pleural thickening. Differences by region and department (classified
according to whether the majority of work was done in the mine, mill, crayon plant or
other) were also estimated.

The prevalences of selected symptoms and pleural thickening were compared with
mining and non-mining populations after indirect adjustment for smoking and using
the age distribution of all populations (Freiss, 1973). Prediction equations were
calculated for each smoking category of the comparison populations. The observed
lung function of each worker from the study population was compared with the predicted
of the appropriate smoking category of the comparison population. The percent
predicted lung function from all smoking categories and regions were then combined.
Female prediction equations were available for only the blue collar comparison
populations. Percent predicted lung function comparisons with the mining popu-
lations are therefore for males only.

RESULTS

Environmental results
Respirable dust exposure was highest in Texas and lowest in North Carolina, and
mill dust levels were higher than mine dust levels in all regions (Table 1).
Montana talc had the lowest concentrations of trace metals of the three regions
examined. Concentrations were slightly higher in North Carolina. Texas talc differed

* Menuon of brund names does not constitute endorsement by the USPHS
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TAantt 1 DrvoGRAPHIC CHARACTERINTICS OF THE TALC WORKER POPULATIONS 8y RIGION

> Montana Texas North Carolina
3-
[ n m g 51
z Age (SD) 349 (115 380 (13.7) 431 126
s Height temy (SD) 1755 8®y 1730 69 1725 81y
= Years worked (SD) 66 16.3) 55187 10.1  (&6)
= Cumulative exposure {SD) $9 (7.6} 113 1451 10 48)
[tmg m~ %} x vears)
Average exposure {SD) 124 (094) 264 4710 0.28 (033
{mgm™?)
Geometric mean of {GSD) 086 (0.77) 108 (0.72) 0.21 10.86)
current tespirable
dust samples img m~?)
Mine (95°, Cly 0.66 10.85-141) 045(0.18 0.75) 014(007-0.31)
Milt (95°, CI) 1.1 1047 092) 156 1096-2.54) 026 {0.13-0.51)
Non-smohers (") 33 20 21
Ex-smokers (°,) 21 27 17
pack vears (SD} 157 (179 133 (207 182 116 5)
gareties day (SD} 230 1150y 120 1140) 214 18T
Smokers (%) 4S . 54 62
pack years ISD) 179 116.9) 143 (197 237 (218
cigarettes day (SD) 204 (111L0) 145 aLh 20.4 {100y

most significantly from the other regions by its extremely large concentration of
calcium, as indicated by a much larger percentage of dolomite (13 compared with 3 and
1°;) and a slightly larger percentage of calcite (1 compared with < 1 and 0°;) than the
other two regions. Silica content of bulk samples of Montana talc was below the limit of
detection (<0.8°;), 1.45°, in North Carolina and 2.23°, in Texas. Respirable dust
samples revealed the silica content in Montana and North Carolina to be generally
below the limit of detection (0.04 mg m ™ %). The Texas talc had slightly higher levels of
respirable silica (0.09 mg m~?) (Table 2).

No fibres were detected in any of the regions by light microscopy utilizing phase
contrast techniques. Analysis of bulk samples from each region utilizing analytical
transmission electron microscopy revealed no fibres in any samples of Montana 1alc.
Two fibrous minerals were identified in the Texas talc: tremolite and antigorite.
Antigorite, a serpentine mineral, was the main constituent. The fibres of both minerals
ranged from 0.5 to 3.0 um in dia. and 4 to 30 um in length. The morphology of the
North Carolina talc was identified as acicular. The acicular particles had aspect ratios
ranging from 5-1 to 100-1, with some dia. <0.1 um, and may have resulted from
mechanical destruction of talc plates.

Demographic characteristics

All Texas talc workers were male, while about 20%; of the Montana and North
Carolina workers were female. The North Carolina population had the highest
proportion of smokers (62°;) and lowest proportion of ex-smokers (17%,). The highest
proportion of non-smokers (33°) and lowest proportion of smokers {(46°;) were in
Montana. Pack years ranged from 13 t0 24 and cigarettes smoked. day from 1210 23in
the three regions. Montana workers were on average 8 yr younger, 3 cm taller, had
worked 3.5 yr less and had 2.9 mg m ™ 3 yr more cumulative exposure than the workers
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Tantt 2 METAL AND MINFRAL COMPOSITION OF BU LR SAMPLES By

REGION
Montana Texas North Carohina
mgm ’
Iron 0.0s 0.5 0.0%
LOD* 001 0.1 0.02
Manganese <00} <0.08 <002
LOD 0.01 0.08 002
Calcium Q05 R0 0.03
LOD 0.03 0.2 o0
Alumimium 0.2 04 02
LOD 0.1 0.2 I
Zinc <001 003 <002
LOD 0.01 0.08 002
Nichel <0.01 <008 <002
LOD 001 0.08 0.02
Percent
Calcite <\ | 0.
irange} 10-0.8) 0-3) 0
Dolomite 1 13 K
frange) 10-3) 17-20) -

* LOD = Limut of Detection.

in North Carolina. Mean values for these parameters in Texas were not demonstrably
different from those for Montana and North Carolina. Average exposure (cumulative
exposure divided by vears worked) was less in North Carolina than in the other two
regions (Table 1).

There was one case each in Texas and Montana of grade 1 small rounded opacities.
This number is too small to analyse further. There were no other radiographic
interpretations of pneumoconiosis. Cytology on sputums collected from workers 35 yr
of age or older were read as follows: 20°, unsatisfactory, 60°, normal cytology or
regular metaplastic cells, 20°, atypical.

Symptoms and radiography (internal comparisons)

Tables 3-6 summarize the prevalence of cough, phlegm. shortness of breath and
pleural thickening by age, smoking and exposure. Regions were combined for
presentation of these results as there were generally no statistically significant
differences among the regions. If differences were observed they are noted in the text.

The overall prevalence of cough was 19°,. The prevalence tended to increase with
age and smoking (only the difference between non-smokers and smokers was
significant). There was no apparent association with either exposure variable (Table 3).

The overall prevalence of phlegm was 23°;. There was no consistent increase with
age. Overall, smokers had a higher prevalence of phlegm than non-smokers. There was
no apparent association with exposure (Table 4).

The overall prevalence of dyspnea was 5°;. Prevalence increased with age in all
regions and smoking categories, but the increase with age was significant for only the
total population. There was no apparent association with smoking or exposure
(Table ).
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TABLF 3. PREVALENCE (°0) OF COUGH® AMONG AlL TALC WORKFRS BY AGL SMORING
AND I‘\Pf&l RE (ALl RLGIONS COMBINID)

' Age
<40 240 Total .
°, 195°, Ch °.195%°, CI "a 195°,ChH
Non-smoker 7 (2-16) 15 15-32) 10 (5-20)
Ex-smoker 7 {1-2n 19 (9-34) 13 46-29)
Smoker 26 (18-35) N (1845 27 (20 -35)
Total 21 (15-29) 23 (183 19
Years worked
<5 19 (14-25)
5.9 19 110-31)
>10 ) 21 (10 36)
Cumulative exposure :
Low 14 (8 23
Medium 28417.35
High 16 (9261

Summary: 0} No demonstrauon difference ameng regions by age. smoking or
exposure. (1) Tendency to increase with age except among smokers. (u1) Higher
prevalence in smokers. (n] No demonsirated assoc:auon with eaposure.

* Cough = Answering yes to the question: ‘Do you usually cough on most days for
as much as 3 months each year”

TaBLE 4. PREVALENCF (%) OF PHLEGM® AMONG ALL TALC WORKERS BY AGE.
SMOKING AND EXPOSLRF

Age
<40 >40 Total
% 195°, Ch °,195°, ChH °, (95°, Chi
Non-smoker 1245 29) T =22 11 (5-20)¢
Ex-smoker 13 (5-29) 2T 43) 21 (12-33)
Smoker 33 (24-43) 26 115-40) 31 ¢24-395t
Total 23 (16-30) 2218-3n 23
Years worked
<$ 19 (14-25)
5-9 16 {8-26)
210 . 25 (1439
Cumulative exposure
Low 13 (7-21)
Medium 24 (16-3)
High 19 (11-30)

Summary: (1 No demonstrated difference among regions by age. smoking or
exposure. (i} Smokers had highest prevalence. {in) No demonsirated association with
age or exposure.

* Phlegm = Answering yes to the quesiion: "Do you usually bring up phlegm from
your chest for as much as 3 months each year”

t95°, CI do not overlap.
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TARLF 5§ PREVALENCF OF DYSPANEA® AMONG ALL TALC WORKERS BY AGE. SMONING

AND FYNPOSLRE

° (95°, Ch

Age
<40 >40
°, 195°, Cli

Total
e, (95, ChH

Non-smoker
Ex-smoker
Smoker
Total

Years worked
<5
5-9
>10

Cumulative exposure
Low
Medium
High

(1-13) 11 3-27
0-16) 16 (1-18)
103 6 (0-13)
10-5t 10 (5-18*

6 (2-14)
10 ¢4 20)
3(-7
5

6 (3-10
0 (0-6)
8220

52-11
3-8
72-14

Summary: {1) No demonstration differences among regions by age. smoking or

exposure (i) Increased prevalence with increased age

association with smoking or exposure
* Dyspnea = Answering ves to the question: "Do you get short of breath walking
with people your own age on level ground”

t95° Cl do not overlap

(m} No demonstrated

TABLE 6. PREVALENCF OF RILATFRAL PLELRAL THICKENING AMONG ALL TALC

WORKERS BY AGE. SMOKING AND ENPOSULRE

Age
<40 >40 Total
°, 195, Clh ° 195", Ch e 95°, Ch
Non-smoker 007 0 (0-11 0 (0-6)
Ex-smoker 610 24 3 015 4 10-14
Smoker 240-7)° 22 (11-361 9 (5-1%
Total 20-6) 11 (5-18) 5
Years worked
<$ 2 0-5
5-9 3 0-100*
210 23 (12-38)°¢
Cumulative exposure
Low 4 t1-10p
Medium 5 1-12y
High & (3-17

Summary : {i) No demonstrated differences among regions by age, smeking or
exposure. except medium cumulative exposure group in North Carohina had higher
presalence than in Montana (1) Tendency to increase with age (significant among
smokers) () No bilateral pleural thickeming among non-smokers. (1iv) Increasing
prevalence with ancreasing years worhed. (V) No demonstrated association with

cumulative exposure.

*: 95" Confidence intervals do not overlap.
t 1 with extent 2 plevral thickeming.
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The prevalence of pleural thickening was 4, 13 and 18°, in Montana. Texas and
North Carolina respectively, and was significantly less in Montana after adjustment for
age or years worked. The number of those with unilateral pleural thickening was one of
six. five of nine, and three of nine in the three regions. There were no radiographic
interpretations of pleural calcification.

The overall prevalence of bilateral thickening was 5°,. The prevalence among the
medium exposure group was 30°%;, in North Carolina and 0° in Montana. There were
no other demonstrable regional differences. Prevalence increased with age, but only
among smokers. Prevalence was highest among smokers. and no non-smokers had
bilateral pleural thickening. but none of the differences were significant. The prevalence
was greater (23°,) in the group working 10 yr or more, compared with 2.5°  in those
working less than 10 yr. but was about the same in the low, medium and high
cumulative exposure groups (Table 6).

Table 7 compares workers with and without pleural thickening. Those with any
pleural thickeniné were about 10 vr older than those without. Workers with bilateral
pleural thichening on average weighed more (11-15 kg). had worked longer (6 vr)and
had higher average and cumulative exposures than those with unilateral or no pleural
thickening. All pulmonary function values of those with bilateral pleural thickening

-

Tasr 7 COMPARISON (F WORKFRS WITH AND WITHOUT PLELRAL THICKENING {RFGIONS

COMBINED)
No PT Unilateral Bilateral
n 258 9 15
Frequency (95°, CD
Cough () 18 (14-23) 224 56) 331463
Phlegm ("} 18 (14-23) 2243 S6) 331460
Dyspnea (2 Grade 2) S 3% 1 0-49) 7 10-30)
Obliteranon of
costophrenic angle
Unilateral 2 0-5 1140434 13 42-3N
Bilateral <l 1{0-1) 00 29 0 0-19
*Means (SE)
Age 364 10.8) 46.7 (34) 477 QM
Height 1cm) 1740 0.5 170.1 2.1 1753 12.0)
Weight (kg) 766 (0.8) 805 49 919 4%
Years worked 6.7 (04 69 (2.0 134 QY
Cumulative evposure 51 104 24 (0.7 341 246
{tmgm~*1x vearsi)
Average exposure 1.1 (00 09 (03) 32 Q2%
imgm™Y)
‘Latency years — 450¢14) 131 2n
+FEV, FVC x 100 77.10 10.7) 80.20 (2.7) 7250 (224
+FEV, L) 3.56 10.05) 3474019 308 10.16)
tFVC (L 461 (0.06} 42900.22) 4.19 10.0%
+Peak flow (Ls™ ") 8§37 0.15) 7.62 10.56} 702 045
; FEF,, 4.10 (0.13) 4.19 1049 330 040y
= FEF.. 1.40 (0.06) 14310.21) 124 10.18)
2,
-""-:— * Lung funcuion least square means adjusted for differences in sex. age. height, weight

and smohing status.
+ Pleural thickening 15 a significant sanable in the Linear regression model,

%
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An epidemiological-industrial hy giene study 49
were reduced compared with those without pleural thickening. Those with unilateral
pleural thickening generally had intermediate lung function values. The prevalences of
cough and phlegm were not statistically significant and were not adjusted for age and
smoking.

Symptoms and radiography (external comparisons)

Table 8 summarizes the characteristics of the comparison populations. The potash
mines were part of the MSHA /NIOSH epidemiological-industrial hygiene study of
metal and non-metal underground miners (ATTFIELD, 1979; SuTTON ef al. 1979),
White male miners from six potash mines were used for comparison. All of the potash
mines used diesel engines and had high dust exposures. The New York talc miners and
millers were exposed to tremolite and anthophyllite (GAMBLE et al., 1979a; DemenT and
ZuMwaLDE, 1979; DeMeNT er al., 1980). The blue collar comparison population was
part of a NIOSH blue collar control study and included male and female workers from
North Carolina in such industries as electronics, synthetic textiles. bakeries and
bottling plants (PETERSEN, personal communication). The workers in the comparison
populations had generally worked longer in their current industry than had the
Montana and Texas talc populations. The mining populations generally were heavier
smokers than the study populations and the blue collar workers. The mining
comparison groups had occupational exposures in the form of diesel fumes and ‘potash’
(primarily sylvite, a mixture of KCl and NaCl, and langbeinite or K,Mg,(SO,);) and
talc containing asbestiform fibres.

Table 9 summarizes the age and smoking adjusted prevalence of cough, phlegm,
dyspnea and pleural thickening of the study and comparison populations. There was
no demonstrated difference in the prevalence of cough between the study population
and the potash or blue collar workers. New York talc workers had an elevated

TaBLE 8. CHARACTERISTICS OF COMPARISON POPL LATIONS

Biue collar}

New York talc | Male Female Potash
n 121 843 597 878
Age (SDs 39 (1) 38 (14) 40013 41 (13
Height (cm) (SD} 176 (6) 173 (7 162 (6) 176 16}
Years worked (SD) (9 12 {12) 11 (10) 16 (13)
Non-smokers (°,} pi | 25 49 X
Ex-smokers (°,) 31 23 10 28
Mean pack vears (SD) 26 (28) 21(23) 9 (10) 23200
Mean cigarettes day (SD) 28 (19) 23 {15) 16 (12) 2504)
Smokers (°,) 48 54 42 2
Mean pack vears (SD) 2617 23 (19) 17 (13 23 (23)
Mean cigarettes day (SD}’ 274N 234 19 (9) 28412
Current dust levels mgm™?) *0.77 (Mine) :
. *0.87 (Mill) NA NA 1343
Fibres > 8 pumoc” *540 (Mine) . . .
*380 (Mill) NA NA NA

NA = Not Available.

¢ Personal samples of respirable dust and light microscope fibre counts from DemiNt ef al 119%0)
+ Personal samples of total dust from ArthieLt (1979) and SLTTON et al. 11979)

+ Unpublished data from Marun Petersen.
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Tapit 9 CoMPARATINE RATES OF COUGIL PHEFGM. DYSENEY AND RIEATERAL PLEURAL THICKENING AMONG
AL TALC WORKERS CONMEPARED WITH NIW YORN TALC @k fRS BIUT COLLAR WORKERS AND §v 1T \SH
MINERS (NDIRECTLY AIDIUSTED BOR AGE AND SAOKING)

Comparnison group

Study populauon ‘ Blue collar
tcombined) New York tale Potash nuners workers
Y1982, CLy “. 1957 Ch " 95", Ch °. 1958 Ch
Cough 203 361 241 167
t16-25) (28 45) (20 27 114 20
Phlegm 203 388 295 173
116 25 127 45 127 34 s 2h
Dy<pnea SR 123 84 78
4 10y ("-19) © 11 6 1M
Bilateral pleural 63 39 02 04
thickening 13-9 4-15) 1005 101w

Summary . (1 Cough' Study population less than New York wle, no different from potash and blue
collar. (1) Phlegm: Study populanion less than New York tale and potash. no different from blue collar
workers. tni) Dyspnea. No difference among study and comparnison populations. (v ) Bilateral Pleural
Thicheming* Study population and New York tale workers greater than potash and blue collar workers.

(Difference indicated by non-osverlap of confidence intervals)

prevalence of cough compared with other populations. There was no apparent
difference in the prevalence of phlegm among the study population and blue collar
workers, and the prevalence in both these populations was less than the potash and
New York populations. There were no demonstrated differences in the prevalence of
dyspnea among the study and comparison populations. The prevalence of bilateral
pleural thickening was higher in both talc (study and New York) populations
compared with the potash and blue collar populations.

Pulmonary function

Table 10 summarizes the results of multiple regression models of pulmonary
function with the predictor variables race. sex. age. height. smoking status. Region,
department, years worked and cumulative exposure were tested for association with
lung function. Age and height were significant for all parameters. Race. department,.
years worked and cumulative exposure were not significant for any of the lung function
tests. Sex was not significant for FEF,, and FEF.,. FVC was reduced in Texas
compared with Montana and North Carolina. The effect of smoking was generally as
expected.

Table 11 summarizes the mean percent predicted pulmonary function of the study
population compared with potash. blue collar workers (male and female) and New
York talc workers. Flow rates (peak flow. FEF,,, FEF-,) of the talc workers were
reduced compared with the potash and blue collar workers. but there were no
significant differences in FEV, and FVC. Compared with New York talc workers. all
pulmonary function puarameters were elevaled except percent predicted peak tlow.

10003013
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Tantk 1O SUMMARY OF MULTIE REGRESSION MODEL® FOR LUNG FUNCTION AND SELECTID MEANS
ADJUSTID FOR SEX. AGE, HEIGHT, SMORING STATUS REGION AND FAPOSLRY

Lung function parameter
FEV, FVC Peak flow FEF,, FEF-, 3

Department NS NS NS NS NS 4
Years exposure NS NS NS NS NS
Cumulausve exposure NS NS NS NS NS
Region NS + NS \S NS
Montana 358 (006) 465 (006) 8.51 {0.16) 107101 14110061
Texay IS0, 4.39 (0.11) §36 (0.27) 1631023 134> (0.10)
i North Carohina 37010100 4620l 7871028 3480240 1554010
' Smoking status + NS M + +
' Non-smokers 371008 462 (009 831023 13531019 1631009
‘ Ex-smokers 3.58 10.09) 4.51 {0.10) 8.60 10.25) 4524020 144 010
Smohers 351007 453 008) 7930201 412017y 13710.08) -

. theighti= £ 1smoking
statust« f,. (region)~ f- (department )+ f, {dears exposure)~ fq tcumulatine exposurel.

NS=P>005

+ P<005>001.

¢t P<0O1.

Summary: 1) Age and height were always significant s sex was signtficant for FEV . FVC and Peak Flow.
in) No evposure variable was significant Region was significant for FVC (Tevas was reduced)
Cumulatinve exposure was significant for FVC(P =0 02nin model lung funcuion = . ~ i, tsevi= 3. aget = f,
theighti~ g, maighty = B¢ ismoking staws)+ f,, (cumulatne exposured fo= = 4idy

* Regression model: Lung funcuion=2x-+ 8, trace)= f. isex)~fi, (age)~fi;

- ayo -,

Comparison of age coefficients by smoking categories showed little difference among
the four populations. The New York and blue collar populations showed a greater
effect of age than did the study and potash populations (Table {2).

At e w

DISCUSSION

Interpretation of the data from this study has the inherent problems of all cross-
sectional prevalence studies. The workers examined in this study comprise only those
currently working. While there are few studies that have examined ex-workers to
determine the effects of selection, significant disease has been observed among older ex-
hemp workers (BoUHUYs et al.. 1969) and progressive massive fibrosis among ex-
workers in two silica flour mills (Baxks er al.. 1981). In both of these studies there was
significant disease among the currently employved workers. The consequences of not
examining ex-workers in this study are unknown.

The reasons for using several comparison populations are that no comparison
population is ideal, and several may help in interpretation of the data. Factors that may
affect the morbidity of a study population (in addition to work exposure) but are not
measured include region, socio-economic status and type of employment (for example,
mining). These may affect morbidity by selection of particular kinds of individuals, but
itis unlikely that all the comparison populations will have biases in the same direction
relative to the study population (although the biases in the study group still cannot be
estimated).

The length of the study group’s working history is a relatively short time for the
development of occupationally related symptoms, radiographic changes and impaired
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TABLE 11 MiaN PFRCFNT PREDICTED PLIMONARY FUNCTION OF ALL TALC WORKIRS -
COMPARFD WITH POTASH MINERS AND BLUT COLLAR WORKERS AN ADJLUSTED FOR AGS,
HFIGHT AND SMORNING®

Percent predicted New Yorhk tale Potash miners Blue collar worhers
pulmonary function {malcs only} (males only ) (males and females)
(SE) n=119 n=23] n=292
FEV, 1063 131¢ 989 (100 9710)
FvC 108.7 (L1 996 108) 101.0¢08)
Peak Flow 952 (L1 932 (1.0t 979 (10)
FEF,, 161.1 (39.8) 936 (21 941 20t
FEF-, 130.5 (473 88231t 84524

* Percent predicted pulmonary function = Z(observed expected) x 100

t = > 2 SE less than 100

+ = >2SE greater than 100.

Summary: (1) FEV, and FVC were not demonstrably different from companison potash
and blue collar populations, but clevated compared with New York tale values ¢ FEF,,, and
FEF -, reduced compared with potash and blue collar populations, but elevated compared
with New York populations.

TAsLE 12, AGE COEFFICIFNTS OF MALE STUDY AND COMPARISON POPLLATIONS (WITH SE)

Study populanon  New York tale Potash Blue collar

FEV, (ml}

Non-smokers -4 (5 -52 9 =283 =303

Ex-smokers =35 (5) =361t =324 -6 (3)

Smokers -4 (5 -8 6 —40 (2) -39
FVC (mh

Non-smohers -6 15 -55412) =23 ~24(3)

Ex-smokers -3 (6 -42¢13) -26 (&) —25(3)

Smohers =27 6 -50 18) =32 =25
FEF , tmls™!)

Non-smokers -51dnh -66129) =367 —43 (6)

Ex-smokers -49 (15 =214 -44® - 588)

Smokers -731h —80 (13) -63(5) =71 (5}
FEF.s (mis™")

Non-smokers -3 M -30411) -324) -384)

Ex-smokers -2110) =20 -28() -40 3}

Smokers -4 (5 -38 (5 -41(2) =50
n

Non-smokers 67 25 178 207

Ex-smokers s6 36 244 193

Smokers 128 58 451 442

lung function that might be caused by exposure to a mineral dust. Significant changes
in FEV, and FVC due to exposure to respiratory irritants (such as cigarette smoke, for
example) may not become noticeable until after 20-30 yr of smoking. Essentially the
same time interval may be required for the development of pneumoconiosis
(CHERNIACK and MCCARTHY, 1979). The mean ages of the study populations were
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around 40, and mean exposure to talc dust was less than 10 yr. Therefore.f talc dust
was to adversely affect FEV, and FVC. the lung function results might not reflect that
effect because of the short exposure times.

Estimating past exposure was a problem in this as in other studies w here there was
no environmental surveillance. Although dust levels were assumed not to have changed
substantially with time, past exposures were probably higher than the calculated
estimates and could obscure a true dose-response relation if it existed. Years worked is
an exact time period. but it may be a less accurate measure of overall exposure than the
calculated estimate of cumulative exposure. Often. years worked and exposure are
highly correlated. This was not as true for Texas. but there was an association of years
worked and cumulative exposure in Montana and North Carolina. Age was also
correlated with exposure (years worked and cumulative exposure).

In this report, both internal comparisons (dose-response relations) and external
comparisons were made with another talc population. another mining population and
a'non-exposed’ blue collar population. For symptoms and pleural thickening the two
comparisons supported each other. That 1s. for symptoms of cough. phlegm and
dyspnea there was no dose-response relationship and no excess prevalence in the
external comparison. For bilateral pleural thickening there was a dose-response
relationship (association with years worked) and the prevalence was increased
compared with both non-talc populations. ‘

For pulmonary function there was also substantial agreement in the internal and
external comparisons. Mean percent predicted pulmonary function after adjustment
for age. height and smoking. and the age coefficients by smoking status taken from
prediction equations were used for the external comparisons. Age coefficients are
thought 1o be less subject to bias than predicted values (Haxcock and ATTriELD, 1980).
The two methods were consistent in showing a tendency for the study population to
have an elevated puimonary function compared with New York talc workers. with no
detectable differences in FEV, and FVC in the other comparisons. Mean flow rates

were reduced in the study population compared with potash and blue collar workers.’

but the age coefficients did not reflect this deficiency.

Flow rates at low lung volumes (FEF, and FEF.;) were slightly reduced
compared with two of the control populations. FEF ;. was better than 90°,, predicted,
while FEF -5 was between 80 and 90° ;. Air flow at low lung volumes is considered to be
measuring changes occurring primarily in the small airways (Hy \tTeral. 1979: MFap.
1979). A current hypothesis of the pathophysiology of chronic air flow obstruction is
that changes in the lung function seen in disease such as emphysema start in the region
of the small airways (BECKLAKE and PeRMUTT. 1979; MackLev, 1972). Tests such as
FEF,, and FEF ., are of interest, because it is difficult to detect pathophysiological
changes in the small airways that may be occurring for unknown time periods before
they become evident in more routine tests such as FEF, and FVC. While existing data
(such as the ability of FEF ;, and FEF - to detect differences in the young smokers and
non-smokers) are compatible with the idea that air flow obstruction begins in the small
airways. there are no available prospective data to prove it. Therefore, the significance
of these reductions is only suggestive. Thus, the prognostic significance of reduced flow
rates at low lung volumes is not proven and the evidence for reductions in the study
population is not convincing.

Peak flow was reduced in the study population compared with potash and New
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York talc workers but was no different from blue collar workers. Peak flow is most
sensitive to changes in large airways, but is also most subject to technician differences
and subject effort. The prognostic significance of reduced peak flow is also not known.

The most important finding in this study was the increased prevalence of pleural
thickening. Asbestos (particularly anthophuyllite) from either occupational or com-
munity exposure is believed 1o cause an increased prevalence of pleural thickening
(SARGENT et al., 1977) and in some instances. pleural changes have been more common
than parenchymal changes (Hurwitz. 1961). Talc contaminated with asbestos
(tremolite and anthophyllite) seen under the light and electron microscope has also
been associated with an increased prevalence of pleural thickening (GaMBLE et al.
1979b). But studies of workers exposed to talc without significant asbestos content
have reported higher prevalence of pneumoconiosis than pleural changes (R BINO et
al, 1977; DeLaupE, 1977; MEessiTE et al., 1959; FINE et al.. 1976; WeGuaN e al.,
unpublished) and excessive mortality due to non-malignant respiratory disease
(SELEVAN er al.. 1979). Radiographic evidence from these Vermont talc millers showed
pneumoconiosis on 9 of 11 available chest roentgenograms. Although exposures were
high. the talc was free of asbestos and free silica (Bou~py er al., 1979). Pneumoconiosis.
however, was not significant in this study. Pleural abnormalities (unspecified) were
found in 9°, of Vermont talc workers (WEGMaN et al.. unpublished). compared with 9°,
with small irregular opacities and 12°, with small rounded opacities. This is in contrast
to this study where pleural thickening was observed in 9°; of the population. but less
than 1°, had any signs of pneumoconiosis.

Pleural thickening is generally considered to take many years to develop. In a study
of a Swedish population. mean latency for the development of bilateral pleural plaques
after first exposure 10 asbestos was estimated at about 30 yr, which was consistent with
other studies. Pleural plaques were rare before age 40 (HiLiFrDAHL. 1978). However.
OcHs and SyiTH (1976) reported on at least one case where as little a time interval of
1 yr was necessary for the appearance of bilateral pleural thickening in an individual
without occupational asbestos exposure. In the study reported here, latency (ime
between first known talc exposure and date of the study) was 13 yr for workers with
bilateral thickening and 4.5 yr in those with unilateral pleural thickening. a much
shorter time than generally associated with pleural thickening from asbestos exposure.
North Carolina also had an increased prevalence in workers less than 40 yr of age.

The association of pleural thickening and asbestos exposure may vary considerably
in different populations. In a Swedish study about 1°, of the men over 40 and less than
0.1°, of men less than 30 had bilateral pleural plaques (HiLLERDAHL. 1978). Almost
80°, were current ex-smokers and had had some exposure to asbestos. Fibrosis was
rare (4°, of those with pleural thickening). Another community type study in
Birmingham, England (BTTA and MRCPU, 1972) found that about 7%, of those
attending chest clinics had pleural plaques (10°, of these were calcified). Unilateral
obliteration of the costophrenic angle (not considered to be caused by asbestos) was
observed in 36°, of those with pleural plaques and there was a definite history of
asbestos exposure in no more than 11°, of the cases. Much of the pleural thickening
was considered to be due to pleural disease (e.g.. emphysema, severe chest wall injury,
pleurisy). In the study of talc workers reported here. there was no apparent difference
between those with and without pleural thickening in the exposure to asbestos or in
chest disease.
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In these two community studies the association of pleural thickening and asbestos
exposure was quite different. The association of pleural thickening with asbestos may
be coincidental, as the prevalence of pleural thickening is quite different in asbestos
exposed workers. For example. prevalences of 17.5 and 35°, have been reported in
asbestos manufacturing plants and shipyard joiners (Weiss and THeobos, 1978,
FLETCHER. 1971). Two other studies of shipvard and dockyard workers reported
prevalences of pleural thickening of around 5%, (FLETCHIR. 1972; reported in WEIss
and THroDos, 1978). Tt is possible that factors other than asbestos may account for
these differences (e.g.. age distribution. method of reading X-rays. oblique X-rays in
addition to PA. different exposures and exposure times, smoking habits. readers, etc).
Some of these factors could possibly account for the differences between study and
comparison populations seen in this study.

Exposure 10 other dusts have also been associated with pleural abnormalities.
S\uTH (1952) reported finding a pleural caicification among 302 men making mica
insulators, 6.3°, among miners and millers of tremolitic talc. but zero among 261
asbestos workers. The common feature of exposure of all four groups was said to be
exposure to talc or mica. :

No asbestos was seen in the NIOSH samples of Montana and North Carolina talc.
McCroxe (1975) analysed two samples from North Careolina and found 0.1- 5°,
tremolite-actinolite by polarized light microscopy in one of the samples. Tremolite and
actinolite have been reported in the Murphy talc deposits although the quantities were
small (Vax Horx, 1948). GRExA and ParRMENTIER (1979) report 0-5°, anthophyllite in
*North Carolina’ talc and no asbestos in Montana talc. Seven samples from Montana
revealed no asbestos (McCRroNE, 1975) and antigorite was observed in some of the
Texas samples (McCRONE, 1975). While analysis of the talc from these three regions
revealed little or no asbestos, the presence of asbestos as an impurity often occurs. Itis
not known whether very low levels of exposure to asbestos for short periods of time is
sufficient to cause pleural thickening.

Thus, while pleural thickening is generally considered to be a signpost of asbestos
exposure (SARGFNT et al. 1977), the possibility of other agents causing pleural
thickening should be considered. The conclusion of MEURMAN (1966) that factors other
than asbestos were either contributory or the sole cause of calcified plaques seems
applicable to pleural thickening. The results of this study suggest that talc itself may
produce pleural changes.

The clinical significance of pleural thickening, pleural plaques and pleural
calcification as a result of asbestos exposure remains unclear. but is of concern because
the pleural changes were considered to represent a significant exposure to asbestos and
may be related to mesothelioma. However. there may be no association of
mesotheliomas and pleural plaques even in the presence of asbestos. as no
mesotheliomas associated with anthophyllite asbestos exposure have been observed in
Finland (MELRMAN et al., 1974). The sugpestion that talc is carconogenic (BLFsR and
ARLON, 1973) may be due 0 asbestos contamination of the talc. The characteristics of
talc have been poorly reported in the past. Talc free of asbestos contamination does not
appear to increase the risk of cancer. and mesothelioma has not been associated with
talc exposure (KLEINFELD er al., 1974 RUBINO ef al., 1976; WaGNeR et al., 1977,
RCBTA and MRCPU., 1979; SELrvan et al.. 1979). Risk of cancer in this study cannot
be determined. Among those with bilateral pleural thickening. lung function was
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significantly reduced. The prognostic significance of these observations is unknown
and deserves prospective esaluation

CONCLUSIONS

In this cross-sectional study of 299 talc workers from Montana. Texas and North
Carolina, there was no demonstrated assoviation of symptoms (cough. phlegm.
dyspneajor reduced lung funcuon with exposure. The prevalence of symptoms was not
elevated and there was no demonstrable reduction in FEV, and FVC compared with
the control populations. Thus, both internal and external comparisons were consistent
in confirming the lack of association between morbidity and exposure variables. While
there were no demonstrated differences in the symptom prevalences among the three
talc regions (despite differences in exposure and talc composition). there were
differences in the prevalence of cough and phlegm between the study population and
the workers exposed to talc containing tremolite and anthophyllite. '

The only significant effect observed in this study was related 1o the
increased prevalence of bilateral pleural thickening. The excess was considerable in
relation to the non-talc comparison populations. but the dose-response relationship
was somewhat confounded with age. The comparable results among the talc
populations, the lack of a consistent association of pleural thickening with asbestos
exposure. and the lack of parenchymal changes in the talc exposed workers suggest tale
as an etiological agent in the development of bilateral pleural thickening. While those
with bilateral pleural thickening had reductions in lung function and a possible
increase in symptoms, the Jong-term significance is unclear.

At least two warnings must be acknowledged. The mean number of years worked is
relatively short. Therefore, more time may be needed to see exposure effects. The
suggestion of reduced flow rates at low lung volumes supports this caution. as they may
be early indicators of airways disease. The association of talc exposure with bilateral
pleural thickening was relatively weak. However, latency was shorter than is
commonly found in other studies and the excess is considerable compared with non-tale
populations. A prospective study is necessary to answer the questions concerning
prognostic significance.
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‘ DISCLSSION®

J. € Mc Do In addinon to the pleural thickemung you observed. was there any evidence of pleural
calctficaton”

LA Merenant. May answer that” Fresiewed all the films with pleural thickening and there were no cases
at alt of pleural calcificatton. Most of the pleural th:ckening was grade 1. but there was one case where the
thickemng was constdered grade 2. Tw o of the cases of pleural thickening were extent 2. the remuinders extent
I

J. Wi renms. Do you hase full information on the <:ze distnbution of vour tale dust particles”

Dr D1 wint: We do have some information that s not presented in this report. Of course. the respirable dust
samphing attempted to simulate those particles which have the possibility of deep lung penetrauon. In
general, the Montana tale had by far the largest particle size with much-arger plates. In North Carolina there
1s a combination of the platy and acicular particles which were identified by electron diffraction and mucro-
chemical analysis as being tale with a rather unusual merphology.

S F.McCurtacu: In this study fand several othersi use 1s made of the standard respiratory questionnaire
Among other guestions. workmen are ashed if they get more short of breath walking on the level than other
men of thair own age. 1 have ashed this question of thousands of workmen in Australia and at least half
answer. ‘Gee. Doc. I wouldn't know”™. In the present study were the men forced to a decision. do vou have a
‘don’t know’ category or are Amerncan workers a great deal more intelligent than Austrahans?

Dr Dy winT: Wetry to administer the same questions o both our exposed and non-exposed populations and
hope the level of intelligence 1s similar and better. The questionnaires are difficult to answer off-the-cufl. but
we employ trained interviewers who are familiar with answering the questions and try toscek the answerina
polite manner Very seldom does a worker answer.'Idon’tknow’ A very high percentage answer "Yes or“No’
and. if the answer is equivocal. the question is repeated with the admonitiv.  » answer *Yes™ or “No’

M. Jsconsen: May 1 comment on Dr McCullagh's question. Whalst it 1s true that there are often ambiguous
answers and sinct protocols have to be used in order to muintam properly recorded answers useful for
eprdemiological studses. there 1s evidence from our studies that. if thisis done ngorously and conscientiousiy.
then the data obtained may be used sensibly for emdemiological purposes. Coal miners who have been ashed
these questions are no more or less ntelligent than Dr McCullagh's pavents. Their responses indicate very
clearly that their mortahity nisk. particularly to the respiratory diseases. can be related to those responses to
the quesuons particularly those relating to breathlessness and 10 cough and phlegm.

ML Newneot st | am surprised at the high prevalence of pleural thickening that you report. In a survey of

30 40 pharmaczutical workers exposed to a carefully specified. non-fibrous tale. we observed no more than
one-or two pleural thickenings.

* The paper was presented. and questions taken. by Dr ). M Diwisr
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Dr Disisnt There are several possible reasons for the difference. I think the possibility of contaminauen
cannot be ruled out unul we look at the talc composition 1 these facihities over a number of sears The
possibility that pockets of fibre contaminauon exist in these operations alsa cannot be excluded

F.D K Linnrie-Tables 3 S present the prevalence of cough. of phlegm and of dyspnea by sears worked and
by curnulative exposure. but for all three States combined On the other hand. Table 1 reveals imporiant
associations betw cen age. duration of employment and dust concentration in the three States Tow hatextent
are the ‘negatine’ findings of Tables 3-5 a masking of positive associations. within at least one State. by
the interactions shown in Table 17

Dr DevenT: All the regions analyvsed were looked at separately. Admittedly the numbers were small within
each region. but the only really significant finding 1n each of the regions was the pleural thickening

J C.Gison: I would like 1o make 1w o comments. The first concerns the recording of pleural thickening. The
classification does provide a means of measuring the extent of this as well as the width. and | think 1t 1s
important to mahe use of this information in order to deal with the kind of question that Dr New house has
raised.

My second point relates to the respiratory questionnaire. This questionnaire. as many of you know, was
onginally started here in S Wales by my colleague Dr Fletcher and, of course. it was apphed to coal nuners
Now coal miners do. by sirtue of their job, have to walk together ofien underground under very adverse
conditions  Also. in this particular area. the coal mines are in relatively steep valless so miners were
constantly walking with their colleagues 1 have always thought the questions were parucularly applicablein
these circumstances and that they might well be inapplicable where people were walking on the level 1fwe
had originally had coal munes in Norfolk this particular questionnaire would never have been developed

J € McDonato: In our studies of Quebec asbestos workers, we found a very much higher prevalence of
pleural thickening tn one region than in the other. even allowing for exposure and other factors. This
suggested to us that there might be something other than the asbestos involved. but we found no evidence for
this The same went for calaficauon.
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