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Background: This study evaluated mortality among workers at a tale mining and milling

facility.

Methods: Subjects were white men actively employed betwecn 1948 and 1989 and known
to have been alive in or after 1950. Analyses assessed cancer mortality during the period 1950-
89 (809 subjects) and non-cancer mortality during 1960-89 (732 subjects).

Results: Comparisons with regional general population death rates for 1960-8% indicated

that the workers had more than expected deaths from all causes combined [209 observed/160
expected, standardized mortality ratio (SMR) = 131, 95% confidence interval (CI) = 114-150),
due mainly to increased mortality frem lung cancer (31/13, SMR =232, C1 = 157-329) and non-
malignant respiratory disease (NMRD) (28/13, SMR = 221, CI = 147-320). The lung cancer
excess was concentrated in miners (18/4.6, SMR = 394, CX = 233-622); millers had only a small
increase (7/5.5, SMR = 128, CI = 51-263). An excess of NMRD occurred both in miners {10/4.2,
SMR = 241, Cl = 116~444) and in millers (11/4.8, SMR =227, CI = 113-407). The median esfi-
mated exposure to respirable dust was 511 mg/m?3-days for all exposed employees, 739 mg/m3.days
{or mine workers and 683 mg/m*-days for mill workers. Employees with high, compared with
low, estimated exposure to dust had a rate ratio of 0.5 (CI = 6.2-1,3) for lung cancer and of 1.8
{CI = 3.1-44.9) for pulmonary fibrosis.

Conclusions: Exposure to {alc ore dust may not have been responsible for the lung cancer
" excess among these workers but probably contributed to the elevated rate of NMRD, particu-

Jarly pulmonary fibrosis.
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INTRODUCTION

This study evaluated mortality among workers at an
industrial grade {tremolitic) talc mining and milling
facility in upstate New York. Four retrospective
- follow-up studies (Brown and Wagoner, 1978: Stille
and Tabershaw, 1982; Lamm et al., 1988; Brown ¢
al., 1990} and one nested case~control study of lung
cancer (Gamble, 1993) previously assessed the
mortality experience of these workers. The most
recent of these included observations through 198%
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(Brown et al., 1990). The present study extended
follow-up through 1989 and examined mortality in
the overall group of workers and in subgroups speci-
fied on the basis of work area, years since hire, years
worked and estimated cumulative exposure 10 Tespir-
able dust. Of particular interest were lung cancer and
non-malignant respiratory disease (NMRD) mortality
patierns.

MATERIALS AND METHODS

Subjects were white men who worked for at least §
day at the plant from the start of its operations in 1948
through 1o the end of 19859, whose vital statns was
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known in or after 1950 and who had known birth and
employment dates. We restricted the study to white
men because women and black men comprised only
about 5% of the workforce.

Data files from previous studies, plant personnel

- records and Internal Revenue Service Forms 941
identified 818 men actively employed at the facility
from 1948 to 1989 and provided information on
personal and employment characteristics. We later
excluded nine men who were lost te follow-up before
1950, leaving 809 eligible subjects (see below). For
each job held by a subject, detailed work history infor-
mation included the title, work location and the start
and termination dates. Information on specific jobs
was not avajlable for 37 short-term employees (3%
of 809), who had an average work duration of only
0.14 yr. We included these men in most analyses,
counting them as having worked in an unknown plant
location, but excluded them from cumulative expo-
sure analyses (see below).

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

To develop this matrix we first classified subjects’
Jobs into one of 12 work areas, specified on the basis
of similarity in tasks, production activities and respir-
able dust exposure potential. A panel of seven long-
term employees, relying on personal knowledge of
operations, production records, dust control informa-
tion and historical environmental reports, specified
time periods during which exposures in each area
would have been relatively uniform. For each area
and time period combination they assigned exposure
scores on a scale from 0 to 10. Because only one
rater, a long-term supervisor, had personal experi-
ence in both mines as well as in the milling oper-
ations, we decided to use only this rater’s estimates of
relative exposure levels over time. The use of his
exposure scores alone, as compared with the average
of all available scores for work area and tme period,
resul2d in slightiy, but not significamly. iuwer
exposure estimates (Oestenstad er al., 2002). Finally,
we _sLtucted baseline exposure surveys 10 determine
~ument espirable talc dust concentrations in the work
~reas. Historical respirable «ust concentrations for
rach work area/calendar year -:alegory were then esti-
1 ed as the product of the a~ crage baselme concen-

tration and the ratio of the time-specific exposure
score to the baseline exposure score. To validate the
estimated exposures. we compared themn with avajl-
able measured historical exposure concentralions.

The final job-exposure matrix contained a tota) of
462 work area/year combinations. Estimated average
respirable talc dust concentrations ranged from (.1 (o
1.7 mg/m? for the 11 work areas with non-zero
exposure. When compared with available histoncal
measured concentrations, these estimates had a correl-
ation coefficient of 0.5C.

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

The company provided some death certificates. We
obtained additional death certificates from the State
of death for subjects whe died outside New York. A
trained nosologist classified the underlying cause of
death using the Eighth Revision of the International
Classthcation of Diseases (1CD) and the coding rules
in effect at the time of death. For most decedents
dying in New York, the State provided cause of
death data from its computerized decedent database.
We converted the cause of death codes from this
database, which were coded according to the 1CD
revision in cffect at the time of death, to Eighth
Revision codes.

The standardized mortality ratio (SMR) was the
measure of association used to compare workers’
mortality rates with the rates of the general popula-
tion of the region consisting of the county in which
the plant was located and five other counties that lay,
at least partly, within 50 miles {(presumed commuiing
distance) of the plant. The combined 1970 maie
population of the six counties was about 185 072 (US
Bureau of the Censes, 1972). We computed SMRs as
the ratio of observed to expected numbers of deaths
multiplied by 100, using the Occupational Mortality
Analysis Program (Marsh et al., 1998). We obtained
expected numbers of deaths by multiplying the age-
and calendar time-specific person-vears of follow-up
of the workers by the corresponding mortahty raics
of the regional white male general population and

‘sulung over the stratifyine variables. We calcu-

lated 95% confidence intervals (ClIs) of the SMRs
assuming a Poisson distribution for the obscrved
number of deaths.

Regional general population d=~% ~1es needed for
most analyses were available beginring in 1953 for
cancers and in 1962 for non caucer cau.oe Af death
{Marsh e al.. 1998) and we used 196264 ruies Io
estimate gcneral population »*e< ‘or 1960-64. The
follow-up period for asses:ing cancer mortalily
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began on the hire date or 1 January 1950, whichever
was later; whereas the follow-up period for assessing
overall and non-cancer mortality began on the hirc
date or 1 January 1960. whichever was later. FFollow-
up ended on 31 December 1989 on the death date or
on the loss-10-follow-up date. whichever was earliest.
Analyses of the 1950-89 time pernod included 809
men. Analyses of the 1960--89 ume period included
782 men. The 27 exclusions from the 809 subjects
eligible for the 1950-89 time period were 16 men wheo
died before 1960 and 11 who were lost to follow-up
before 1960.

For certain causes of death. we analyzed subgroups
specified on the basis of period of hire, years since
hire, vears worked, work area and cumulative dust
exposure, beginning person-years accumulation on
the later of the first date in a particular category of
each variable or on the default follow-up start date
mentioned above. We combined work areas into five
non-mutually exclusive groups (mills, mines, min-
imal exposure potential, no exposure potential and
unknown). We also carried owt Poisson regression
analyses with an internal referent group to obtain
maximum likelihood estimates of rate ratios (RRs)
and their 95% Cls (Callas er al.. 1990). In the latter
analyses all models included terms for age (<35,
35-54, 55-64, 65+) and either years since hire {<10,
10-19, 20+) or calendar year (1950-59, 1960-69,
1970-79, 1980-89), as well as for the other occupa-
tional variables of interest. Causes of death examined
im Poisson regression analyses included: (i) lung
cancer; (1} ischemic heart disease: (iii) all NMRD;
(1v) *other NMRD’, excluding pneumonia. influenza,
asthma, emphysema and bronchitis and inclading
chronic obstructive pulmonary disease (COPD} and
‘pulmonary fibrosis” (talcosis, pneumoconiosis,
asbestosis and unspecified pulmonary fibrosis); {v)
pulmonary fibrosis alone. Other NMRD comprises a
pathologically beterogeneous group of diseases but
was examined because it is a standard cause of death
category in SMR analyses (Marsh et al., 1998).

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

RESULTS

Of the 782 men included in the apalvses of the
196U-89 1ime period. 159 (20%) werc actlive

employees at the close of the stndy and 623 (80%)
had their emplovinent terminated or retired. Five
hundred and sixtv-seven (73%) were classified as
alive. 209 (27471 as deceased und six (1%) as having
an undetermined vital siatus. Of the 809 men included
in the analyses of the 1930-89 tme period. 159
(20%) were active employees al the close of the study
and 650 (80%) had their employment termjnated or
retired. Five hundred and sixty-seven (70%:) were
presumed hiving, 225 (28%) were deceased and 17
29%) had an undetermined vital status. We obiained
the underlying cause of death information from death
certificates (n = 134) or from the New York decedent
file (n = 86) for 220 (98%) of the 225 decedents.

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

Compared with the regional general population of
white men, the 782 talc workers followed-up m
1960-89 expcrienced a 31% increase in overall
morality, based on 209 observed/160 expected deaths
(SMR =131, Cl1=114-150) (Table 1). Excesses were
largest for tuberculosis (3/0.4, SMR = 788, CI = 163-
2303), all cancer (53/35, SMR = 151, Cl1 = 113-198)
and NMRD (28713, SMR = 221, CI = 147-320).
There were about 10% smore deaths than expected
from ischemic heart disease (69/63. SMR = 110, Cl =
86-139).

The overall increase in NMRD deaths was not
limited (o a particular form of respiratory disease but
was greatest for other NMRD (COPD and fibrosis)
(17/5.7. SMR = 291, CI = 173-475). This category
included chronic obstructive pulmonary disease (12 =
10), asbestosis (n = 1), pneumoceniosis {n = 5) and
chronic pulmonary fibrosis (n = 1).

The excess of cancer deaths during the 1950-89
follow-up period (54/37, SMR = 146, CI1 = 110-191)
(Table 2) was similar to that in 1960-89 and was
attnbutable mainly to increased mortality from respir-
atory cancer (34/14, SMR = 239, C] = 165-334).
incloding lung cancer (31/13. SMR =232, C1 = 157
329) and larynx cancer (2/0.6, SMR = 316, CI = 38—
1142). The death centificate for the rematning respira-
tory cancer decedent indicated that he had ‘adeno-
carcinoma of the mediastinum’. There were sevesal
more deaths than expected from lymphohemato-
poietic cancer (7/3.7. SMR = 192, CI = 77-395). This
category included two decedents with non-Hodgkin's
lymphoma. two with Hodgkin’s disease, lwo with
lenkemia and one with muliiple myeloma. Deced-
ents” death certificates reported 1wo deaths from
mesothelioma. New York nosologists had coded one
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Table 1. Observed and expected nusbers of deaths, SMR and 95% CI by cause of death (1960-89, 782 subjects, 15 050 person-yr)

Y. Honda et al.

Observed/expected SMR 95% Cl

All causes 2001160 131 114-150
Tuberculosis /0.4 788 163-2303
All cancer 53/35 151 }13-198
Cerebrovascular disease 6/8.8 68 25-148
Rheumatic heart disease 2/1.1 175 21-633
Ischemic heart disease 69/63 110 86-139
Hypertension 2/0.9 224 27-807
Other heart disease 514.6 108 35-252
Non-malignant respiratory disease (NMRD) 28/13 221 147-320
Influenza and pneumonia 7/3.8 185 74-381
Bronchilis. emphysema. asthma 4/3.3 122 33-312
Other NMRD? 17/5.7 297 173-475
Cirrhosis of hver 5137 137 44-319
Externai causes of death 16/15 104 60-169
Other known causes 16/18 89 51-144
Unknown causes 4

*Observed numter includes chronic obstructive pulmonary disease (n = 10) and pulmonary fibrosis {n = 7).

Table 2. Observed and expected numbers of cancer deaths, SMR and 95% C1 (1950-89, 809 subjects, 18 048 person-yr)

QObserved/expecied SMR 95% 1
Al cancer 54/37 146 t10-191
Digestive organs and peritoneum 10/9.9 102 49-187
Stomach 2/1.4 144 17-520
Colon and rectum 2/4.8 42 5-150
Respiratory system 34714 239 165-334
Larynx 210.6 316 38-1142
Lung 31/13 232 157-329
Lymphatic and hematopoietic tissue 3.1 192 77-395
Other cancer 3/9.3 32 7-95

Tabie 3. Observed and expected numbers of deaths, SMR and 95% CI for selected causes of death by year of hire {1960-89 for

causes other than cancer, 1950-89 for cancer)

Hired before 1955

Hired after 1955

Observed/expected SMR 95% C} Observed/expected SMR 95% Cl
All causes 169/113 150 128-174 40/47 85 61-116
Al cancer 46/27 172 126-229 8/10 79 34-155
Caneer of the lung 28/9.8 286 190414 3/3.6 83 17-242
Ischemic heart discase 56/46 122 92-158 13/17 77 41-132
Non-malignant respiratory 2319.5 242 153-363 5/3.1 160 52-373
eiscase (NMRD)
Other NMRD 15/4.2 355 199-586 2/1.5 133 16-479

of these as JCD code 212 (benign acoplasm of the
) sspiratorv s sstem) i, - ... other as I(’D code 162.9
3alignant neoplasm of - nchus and lung, unspeci-
fied), duspite spec:fic mention of mesotheliom:
Increases in muatality from all causes comlined.
all cancer, lung ¢« u.cer and ischemic heart d sease

were Jimited to men hired before 1955 (Table 3). This
subgroup had 28 lung cancer deaths compared with
9.8 expecied (SMR = 286, C1 = 190-414), wi.. ",
men hired in or ¢ fter 1935 had three deaths con paced
with 3.6 expecied. For all NMRD and for other
NMRD. both prried-of-hire subgroups exper: nced
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Table 4. Observed and expected numbers of deaths, SMR. RR*and 95% C1 for selected causes of deaths by years since hire and

veprs worked

Years sinee Years

Lung cancer

Ischemic heart

Non-malignant

Other NMRD

hire worked diseuse respiratory disease
(NMRDY
<20 <5 Obscrved/expecied 324 11413.2 522 20.7
SMR (CT) 126 (26-370) 83 {42-149) 224 (73-324) 294 (36-1062)
RR (CI} 1.0b 1.0° 1.00 1.0%
<20 5+ Observedfexpected 2/1.6 9/8.8 2.4 2/0.5
SMR (CDY 126 {15-454) 103 (47-195) 140 (17-506) 417 {51-1507)
RR(CD 1.0 (0.2-5.9) 13(0.3-3.1) 0.6(0.)-3.1) 1.4(0.2-10.2)
20+ <5 Observed/fexpected 19/5.8 30/23.6 11/5.0 2.6
SMR (CD) 331 (199-516) 127 (86-181) 222 (111-397) 271 (109-558)
RR (CT) 3.0(0.7-11.8) 2.00094.5) 1.2¢0.3-4.1) 1.4 (0.2-8.8)
20+ 5+ Obscrved/expecled 3.7 19/17.2 10/4.0 6/2.0
SMR (CT) 190 (76-392) 111 (67-3173) 248 (119-456) 302 (111-657)
RR (CH 1.8 (0.4-8.1) 2.0(0.84.7) 1.6 (0.4-5.9) 1.8(0.3-11.8)

*RR for each category of vears since hire and years worked adjusting for age (<335, 35-34, 55-64, 865) and calendar year (1960—
69, 1970-79, 1980-89).
PReferent calegory for the RR for each category of yeass since hire and vears worked computed using the subgroup with <20 yr

since hire and <5 vr worked as the referent.

Table 5. Observed and expected numbers of deaths, SMR. RR and 95% C1

work area, (1960-89)

for s¢lected causes of deaths by non-mutually exclusive

Work area (po. of subjects)

Lung cancer

Ischemic heart

Non-malignant

Other NMRD

disease respiratory disease
{NMRD)

Mills {(n = 379) Observed/expected  7/5.5 31126 11/4.8 6/2.3

SMR (CI) 128 {(51-263) 122 (83-173) 227 (313407 266 (98-579)

RR 2 (CI) 0.6(0.2-1.8) 1.2 (0.6-2.3) 0.9 (0.3-2.5) 1.2(0.34.4)
Mines (n=311) Observed/fexpected  18/4.6 23/22 10/4.2 8/1.84

SMR (CDH 394 (233-622) 104 (66-156) 241 (116-444) 434 (189-856)

RRP(CD) 2.1(0.8-5.3) 1.1(0.6-2.1) 1.0(0.4-2.7) 20(0.6-7.2)
Minimal exposure (n = 182) Cbserved/expected  3/3.9 13/22 9/4.6 52.0

SMR (CD) 77(15-224) 60 (32-102) 194 (89-369) 255 (83-596)
No exposure (n = 87) Observed/expected  3/1.1 4/6.6 213 140.5

SMR (CI) 281 (58-821) 60 (16-154) 158 (19-572) 217 (5-1207)
Unknown area (i1 = 67) Observedfexpected  2/1.3 1164 3.2 3/0.6

SMR (Cl) 151 (18-547) 109 (44-225) 242 (50-708) 546 (113-1597)

*RR for mill workers compared with all other employees. adjusting for age, calendar period and employment in mmines.
PRR for mjne workers compared with all other employees, adjusting for age, calendar period and employment in mills,

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

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

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

Among the 782 men included in analyses of the
1960-89 pme peried, 48% had worked 1n the tale
mills for a median of 1.8 yr, 40% had worked in the
mines for a median of 2.0 yr, 23% had worked in
areas involving minimal exposure for a median of |
1.7 yr and 11% had worked in areas involving no
exposure 1o talc for a median of 10 months (Table 3).
A total of 67 subjects (9%) had spent a median of less
than 3 months in an unknown work area.

The overal] excess of lung cancer was concentrated
among men ever emploved in the mines {i8/4.6.
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SMR = 394, CI = 233-622) (Table 5). In contrast,
mill workers had only a small increase in lung cancer
{7/5.5, SMR = 128. C1 = 51-263). Overall NMRD
mortality was elevated boih in mill workers (11/4.8,
SMR = 227. C1 = 113-407) and in miners (10/4.2,
SMR = 241, CI = 116-444). Other NMRD deaths
were also elevated in mill workers {6/2.3, SMR =
266, Cl = 98-579) and in miners (8/1.8, SMR = 434,
Cl = 189-856). Results of Poisson regression ana-
lvses were consistent with these patterns. Some of the
other work area groups had slight increases in deaths
from lung cancer and/or NMRD, but these results
were based on small numbers. Mutvally exclusive
work area analyses confirmed these patterns (data not
shown). For example, the SMR for overall NMRD
was 257 (11/4.8, CI = 128-460) for men employed in
mills but never in mines and was 277 (10/3.6, Ci =
133-510) for men employed in the mines but not
the mills. For ischemic heart disease, there were
22% more than expected deaths among mill
workers (31/26, SMR = 122. CI = 83-173} and 40%
fewer than expected deaths in the group with minimal
exposure potential (13/22. SMR = 60, C1 = 32-102).
Other work area groups had trivial differences in
observed and expected numbers of deaths in this
disease calegory.

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

Y. Honda et al.

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

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

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

Table 6. Median estimated cumulative exposure 10 respirable dust among selected subgroups of 772 subjects with adegnate work

history data

Group (median vears worked) Number Percent Median curmulative exposure
exposed among exposed (mg/m>-days)

All subjects (2.6} 772 96 511

Milt workers. ever {(3.0) 389 100 683

Mirne workers, ever (3.6) 331 100 739

All decedents (2.3) 213 94 520

Ischemic heart discase (2.4) 70 94 376

Lung cancer decedent; 71.0) 29 90 347

Ail non-maignant respiratory disease (N*I" D) decedems® 2.3) 27 96 888

Other NMRD decedenis® (8.3} 0 100 1199

Pulmonary fibrosis decedents” (11 ') J 182 37 9

“Non-matignant respiratory diseast as the underlving cause of death

"Non-malignant respiratory discast 1 ¢ underlying or a contribute: s aue of death.
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Table 7. RR and 95% CI for sclected causes of death by teriile® of cumulative respirable dust exposure, adjusted for age and years

since hire®
Cuun i Jeath Cumnlanive exposure Deaths Person-yr'* RR 95¢% C1
(mg/m--days)
l.ung cancer
0-<95.1 1 2625 10 ¢
95.1-<987.0 9 2660 038 03-1.9
037.0+ 3796 0.5 0.2-13
df=12, D= 1.6
Ischemic heart disease 0-<131.8 25 3931 10 ¢
131.8—<2456.8 23 5083 0.7 0.4-12
2456.8+ 22 2927 1.0 0.6-1.8
df=19,D=177
All non-malignant respiratory disease  0-<488.8 9 6023 1.0 ¢
(NMRD) (underlying)
188.8-<2554.7 9 3058 22 0.9-5.6
2554.7+ 9 2860 1.6 0.6-4.1
dfF=19,D=140
Other NMRD (underlying/comribsiory) 0-<519.7 10 6124 1.0 <
519.7-<4110.5 10 3948 18 0.84.4
4110.5+ 10 1869 2.1 0.9-5.1
di=19.D=175
Pulmonary fibrosis (underlying/ -<363.3 5 6990 1.0 ¢
contributory) -
863.3-<7529.6 4437 22 0.7-74
7529.6+ 6 514 1.8 31449
df = 16. D= 14.0

*Tertiles are based on the cumulative exposure distribution of cases in the cause of death category.
®Age calegories were 35-54, 55-64, 65+ yr for all disease groups evaluated. Years since hire categories were <10, 10-19 and 20+
for ischemic heart disense, all NMRD. other NMRD and pulmeonary fibrosis and were 10-19 and 20+ for hung cancer.

“Referent category for the RR.
ddf. model degrees of freedom; 0. model deviance.

exposure and was 1.0, 1.8 (CI = 0.8-4.4) and 2.1
(CI = 0.9-5.1) for the lowest, middle and highest
tertiles, respectively. The RR also increased with
increasing exposure for pulmonary fibrosis and was
1.0, 22 (Cl = 0.7-7.4) and 11.8 (3.1-44.9) for the
lowest, middle and highest tertiles, respectively.

DISCUSSION

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

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

The lung cancer excess in the overall study group
was moderately strong and was concentrated in the
follow-up period 20 or more yr since hire, results that
suggest that some aspect of employment at the plant
may have been associated with Jung cancer. In a
nested case—control study of 22 of the 31 lung cancer
decedents identified in the present study, Gamble
(1993) reported that all of the lung cancer cases and
73% of employee controls had been smokers. These
smoking prevalences are high. but 1t is unlikely that
the entire moderately strong lung cancer excess,
particularly the nearly 4-fold increase among miners,
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was attributable to smoking (Blair er al., 1995).
However, several observations from the present
study indicate that exposure to talc at the facility may
not have been responsible for the excess.

First, although men who worked in the under-
ground mine, which is a high talc dust exposure area,
experienced a greater than 4-fold increase in lung
cancer, we found little evidence of an increase among
mill workers, a group with similar exposure. In
addition, the estimated dust exposure was low for
lung cancer decedents compared with other workers
and 1nternal analyses of lung cancer rates by comu-
lative exposure indicated an inverse relationship.
These findings do not support the hypothesis that
talc dust at this facility has a carcinogenic potential
similar to that of asbestos, which typically produces a
moederate to strong positive dose-response relation-
ship {Seidman et al., 1986; Goodman et al., 1999).
Also, because internal analyses should be minimally
subject to confounding by non-occupational expos-
ures, the absence of a positive dose-response pattern
does not sapport the hypothesis that the talc ore of the
plant per se is a lung carcinogen.

Studies of other occupational groups have not
provided evidence that talc ore causes lung cancer. A
study of 389 Norwegian talc miners and millers
exposed 1o non-asbestiform talc with low quartz
content indicated no excess lung cancer incidence
(6 observed/6.9 expected) {Wergelund et al., 1990).
Another nvestigation found a lung cancer deficit
among Italian talc miners and millers exposed to non-
asbestiform ralc (12 observed/23 expected) (Rubino
et al,, 1976, 1979). In that study, miners, who were
exposed to silica as well as talc, experienced a 3-fold
increase in NMRD deaths, whereas the millers, who
had low silica exposure, did not experience such an
excess. Straif er al. (2000) reported that German
rubber industry workers with high talc exposure
(=10 yr of high exposure versus <0.5 yr of medium
and high exposure levels combined) had increased
lung cancer mortality (RR = 1.9, CI = 1.1-3.1);
however, the results were not controlled for exposure
to other raw materials present in the work environ-
ment or for smoking histories.

In recently published follow-up studies, Wild er al.
(2002) found small lung cancer mortality increases
among talc miners and millers in.France who contrib-
uted person-years after 1968, the earliest year for
which local mortality comparicon rates were avail-
able (SMR = 123, CI = 76-189). and among a smaller
group of workers in Ausiria (SMR 106, C1 = 43—
219). A case control study of lung cancer, nested
within those study groups, used semi-quantitative
cumulative exposure estimates and adjusted for
smoking. There was no evidence of an assocjation
between lung cancer anc cumulative exposure 10 tale
dust. Subjecis 1 the highest cumulative exposure
calegory (2800 mg/m*-vr) had a lung cancer odds

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

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

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

NMRD mortality patterns differed from those seen
for long cancer in several respects. NMRD was
elevated both among subjects hired before 1955 and
among subjects hired in 1955 or later, although the
increase in the latter group was based on small
numbers. NMRD was increased both among miners
and among mill workers and was positively associ-
ated with increasing duration of employment. More-
over, NMRD decedents with pneumoconiosis or
mnterstitial lung disease, the group most likely to
include dust-related disease, had a median cumu-
lative dust exposure that was eight times higher than
the corresponding values for the overall study group.
Infernai «.nparisons indicated a pusitive relation
between estimated cumulaiio2 dust levels and this
category of NMRD.

As with lung cancer, paltr...s of smoking and occu-
pational exposures in jobs before and after shuse held
at i . study fa. ility may explasn some of 11 overall
> s of NMRD seen f: »uor ~~ajyses. The observa-
lion of elevated SMRs wmong short-term workers s
consistent with this interpretation. In addition. pre-
empleyment records we -2 available for 23 of the 23
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men who had NMRD as the underlving cause of
death. Of these, 20 had worked in other mining oper-
ations before starting work at the tale facility under
study. Exposures sustained in these other mining
operations are likely to have contributed to the devel-
opment of respiratory disease. Similarly detailed
non-facility work histones were not available for
subjects who (ied of causes other than cancers and
respiratory  disease. The impact of potential
confounding by such factors should have been
reduced in internal analyses. Similarly, any observa-
tion bias due to selective reporting of NMRD on the
death certificates of deceased talc workers should
have been Jower in the internal analyses than in the
external analyses. On balance, the positive associ-
ations seen in these analyses support a causal associ-
ation between exposure to the talc ore dust at this
plant and NMRD. The fact that we observed excess
NMRD mortality when our exposure estimates
suggested concentrations of respirable talc dust lower
than the current threshold limit value of 2 mg/m? is of
concern (Oestenstad er of., 2002). However, because
workers may have sustained exposures in other jobs
that contributed to the etiology of NMRD, doubt
remains about the hazard associated with talc dust
levels of <2 mg/m3.

The resnlts of the studies of French and Austrian
talc miners and millers support the findings of the our
investigation (Wild er al.; 2002). The French study
group had a slightly elevated SMR for all NMRD
that ‘was due 1o a significant excess of deaths from
preumoconiosis (SMR = 556, CI = 112-1620). No
excess was observed in the Austrian study group
(NMRD, 1/3.7; pneumoconiosis, 0/0.1). The nested
case—control study of NMRD reported increased
mortality in the highest exposure group (odds ratio =
2.5 for cumulative exposures 2800 mg/m?-yr, CI not
reported) with a statistically significant trend (odds
ratio = 1.1, CI = 1.0-1.2) that was similar when
analyses were restricted to pneumoconiosis cases and
their controls but was not present in analyses of
chronic obstructive pulmonary disease.

In our study, comparisons of the employees with
the regional general population indicated a slight
increase in ischemic *heart disease deaths. Ischemic
heart disease rates were not, however. associated
consistently with employment duration, Ume since
hire or cumulative exposure to respirable dust. Other
Tesults included a Small increase in deaths from
lymphohemopoietic cancer, based on 7 observed and
3.5 expected deaths. The latter deaths were not
himited to any particular subiype of lymphoherio-
poietic cancer and 1t is likely that the increase was
due to chance or to confounding by an umdentitied
factor.

The occurrence of two deaths from mesothelioma
is difficult 1o mterpret. Of the two men with meso-
thelioma, one worked at the tale facilny for 15 yr. had

a relatively high comulative exposure and died 15 yr
after starting work at the tale facility. His previous
emplovment history (obtained by querying next of
kin) included 16 yr as a carpenter and millwright, 8 vr
as a lead miner and 5 yr as a repairman in a milk
plant. The other decedent with mesothelioma worked
only briefly at the facility as a draftsman during mill
construction in 1948-49. His job would have entailed
minimal exposure to talc dust. He previously had
worked for several years on the construction of
another talc mine and he svbsequently installed and
repaired oil burning heating systems and delivered
fuel oil. Although medical records that we obtained
for this subject reported no history of asbestos
exposure, he may have been exposed from the insu-
Jating materials in his fuel 03] business. Experimental
animal studies of the talc ore of the study facility
have not observed pleural tumors (Stanton e al.,
1981). For this reason, and because of the short
amount of time between first exposure and death of
the first case and the low exposure of the second case,
it is unlikely that either of the two mesotheliomas was
due to talc ore dust.

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

Limitations of our study included the exclusion
from analyses of work areas and cumulative dust
exposure of a small proportion {6%) of subjects
because work histories were upavailable. Most of
these subjects were short-term workers whose cumu-
lative exposure would have been low. Polential
misclassification of subjects by cumulative exposure
was inherent in the exposure estimation approach
used for the study (Oestenstad et al, 2002).
However, because we developed the work area/time
period exposure estimates using procedures that did
nol involve any reference to disease outcome,
misclassification errors should have been non-differ-
ential, blunting any true dose-response relation.
Another limitation of exposure estimation was our
lack of information on subjects’ peak exposure nten-
sities and exposure to respirable fibers, either of
which might be more biologically relevant than cumu-
lative exposure. Although we intended to examine
the joint effects of duration and intensity of exposure,
average daily intensity scores showed hittle variabil-
ity.

We also lacked comprehensive information on
potential confounders such as cigarette smoking and
other occupational exposures. Because data on the
smoking habits of subjects were unavailable. we
cannot rule ouwt the possibility that the lung cancer
and NMRD patterns observed were due. at least in
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part, to heavier and/or more prevalent smoking by the
subjects than by the comparison populaiion. The
recent study of French and Austrian talc workers
suggesls that the prevalence and role of smokimg may
be dissimilar in subjects with NMRD and those with
Jung cancer (Wild er al., 2002). Similarly, work in
other mining operations and construciion jobs may
have contributed 1o the respiratory disease mortality
patterns observed. ‘

Some nisclassification of NMRD, resulting both
from difficulties with the clinical diagnosis of various
respiratory diseases and with the possible overlap
between NMRD and cardiovascular disease, may
have occurred. In addition, NMRD that was present
at death may not be mentioned on the death certift-
cate, If the tendency 1o list NMRD as a cause of death
is greater for talc worker decedents than for
decedents in the general population who died with
the same set of medical conditions, observation bias
would elevate SMRs for NMRD.

In summary, the reason for the increased lung
cancer mortality among plant workers compared with
the general population remains unclear. The associ-
ation may be due, in part, to confounding by smoking
and by other unidentified risk factors. It is unlikely to
be related to respirable talc ore dust per se. An
unidentified constituent of the ore or of the under-
ground mine environment, exposure to which is
poorly correlated with total respirable dust exposure,
may have been responsible for some of the excess
Tung cancer. We have no information, apart from the
disease patterns seen in this study, to substantiate or
refute this specuolation. The study found an increased
rate of NMRD among workers that is probably
related 1o exposure to the talc ore dust at the facility,
as well as to dust exposures encountered in other
work environments and to smoking. Other causes of
death among the plant workers did not appear to be
related to the occupational factors.
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Summary: This nésted case control study assessed the re-
lationship of lung cancer and time exposed to talc. while
controlling for smoking, other talc exposures. and nor-
talc exposures. There were 22 lung cancer cases (91%
smokers and 9% former smokers) and 66 controls (27%
nonsmokers. 9% former smokers. and 64% smokers).
Smokers were at sixfold increased risk compared to non-
smokers and ex-smokers. When siratified by smoking
status. risk of lung cancer decreased, with talc tenure and
remained negative when excluding cases with < 20 vears’
latency and short-term workers. These data suggest that
nontalc exposures are not confounding risk factors while
smoking is. and that temporal and exposure-response re-
lationships are consistent with a smoking etiology but
not an occupational etiology for lung cancer.

Key words: Talc - Lung cancer - Amphiboles -~ Case
control study - Tremolite

Introduction

In 1980 the National Institute of Occupational Safety
and Heaith (NIOSH) published a morbidity. morrality,
and environmental study of miners and millers at the
Gouverneur Talc Company (GTC) (Dement et al. 1980).
Ten vears later an updated portion of the earber report
was published as a heaith hazard evaluation (HHE)
{Brown et al. 1990). During this period there were two
other monality studies of basically this same cohort
¢Stille and Tabershaw 1982: Lamm et al. 1988) as well as
considerable discussion regarding the mineralogical com-
position of the talc and the cause of rhe excess lung can-
¢ wuurtality, Various causes for the excess were sug-
gested including the amphibcic minerals in the wle. prior
emplovment in other industries and/or i1 other New
York tale companties. and s.noking (Browa et al. 1983:
Tabershaw and Thompson J9°3: Demen’ ind Brown
1982: Thompson 1984: Taylor .981: Cunpbell et al.

Cuerrent address; Exxon Biomre dical Sciences. Ine.. Mettlers Road.
CN 2330, East Millstone., New Jersey #S873-2350, USA

1979; Campbell 1978: Kelse and Thompson 1989. 1990:
Dement 1990: Virta 1985: Reger and Morgan 1990).
The original design of the HHE included updating
the original cohort and conducting a nested case control
study (Gamble and Piacitelli 1988). The nested case con-
trol study reported here investigates the confounding po-
tentiat of non-GTC risk factors and exposure-response
relationships while controiling for these risk factors and
using tenure as the surrogate for exposure. Anaivsis by
cumuiative exposure remains to be published.

Materials and methods

All cases and controls were from the cohort of 710 white males of
GTC talc workers emploved between 1947 and 1978 with follow-
up through 1983 (Gamble and Piacitelli 1988: Brown et al. 1990).
All persons with lung cancer (ICD 162-163. 8th Revision} cenified
as the underiving cause of death on the death certificate were de-
fined as cases. Each case was matched with three controls in whom
all categories of nonneoplastic respiratory disease (ICD 460-519)
and accidents (ICD E800-E 949) had been excluded: controls were
selected from survivors and deceased by reference to the closest
match with respect 10 date of birth and date of hire. Controls must
have survived the case. and control history ended at date of death
of the case.

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

Talc mining has gone on in this region of New Yark f~r many
vears. and some of the cases and controls had worked ar other tale
mines in addition to the GTC tale mine and mill. One analvsis
therefore adds non-GTC talc emplovment to that of vears worked
ar the GTC 1ale mine or mill.

To control for possible confounding due to nontalc exposare. a
pranel of nine epidemiologists and industrial hygienisis rated the
risk of lung cancer associated with nomtale jobs as listed in the
work histories with »ut knowledge of case and control status. Each
nontale job was rx od as “probable.” “possible.” or "no” nsk of
jub-associated lung cancer: each category was given a score of 3. 1,
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and ) respectively. A composite score for each job was compiled
from the nine ratings. An individual's total score was the compo-
site score for each job multiplied by vears in that job. and summed
over all jobs. Total scores were divided into four categones of
roughly comparable size. Estimates of the odds ratios (OR) for
each category and trend analysis were used to assess whether non-
talc exposure represented a risk factor deserving control in the ex-
posure-response analysis. )

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

A linear trend in the OR by exposure was estimated following
the merhods deseribed by Rothman (1986). Using 2 least squares
approach to a weighted regression where b’ = b)/bs. the siope b’
was estimated from the equation case control OR = ba + b1x. The
slope b describes mathematically the change in OR for each year

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

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

Results

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

Tabie 1. Characteristics of lung cancer cases Cases Controls
and controls (n=22) (rn = 66}
. Mean vear of first emplovment 1949.7 1949.5
Mean age at first employvment 34.6 341
Mean vear of birth 1915 1915
Mean vears worked
Mean (SD} 6.6(8.6) 9.2(11.1)(P=1.08)
Range (0.003-23.5) {0.003-35.3)
Mean vears worked. all talc 7.7(9.2) 98 (12.1V{P=0.12)
Ex-smokers
No. (% 2(9 6(9)
Mean cig/day (SD) 20(9) 48.3(13.3)
Mean pack vears (SD) 29.5(9.2) §7.5(35.00
Year of hire [953.5 1950.0
Age at hire (S5D) 37.5(9.2) 32.5(8.7
Year of birth 1915.5 1916.8
Years worked [mean (SD}]
GTC 18.3(2.3) 3698 (P=0.11)
Alltale 18.3(2.3) 4.9(9.6)(P =0.11)
Smokers
No. 1% 20(91) 42 (64}
Mean cig/day (SD) 35.7(12.0 274121
, Mean pack vears (SD) 33319 61.9(34.H
Mean age began smoking (SD) 18.0¢(3.7) 16.7(3.3)
Year of hire ' 1049.3 1949.2
: Age at hire (SD) 31.3(8.%) 32,7(7.02)
Year of birth 1914.7 1916.3
Years worked [mean {SDY)
GTC S48.0 IR (L) (P =1D.08)
Allale 6.6(8.9 1L.3¢12.8) (P=1.13)

Nop-smokers

No 1) 0{-) 1R (27)
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Table 2. Case review of lung cancer deaths among talc miners and millers

Case Agear Smoking Talc work history
no- death Status Age Latency Cig./ Pack Ageat GTC Tenure in years
starred day years hire latency GTC All tale
i 79 S Unk Unk 20 62 57 227 0.02 0.02
2 77 S 17 60 20 120 42 35 0.20 0.20
3 63 S 18 45 40 0 42 21 0.05 0.05
4 75 S Unk Unk 20 Unk 41 34 235 235
3 52 S 19 33 3 5 47 5 331 5.31
6 35 S 29 26 10 8 59 16 2.83 2.83
7 62 Ex 17 43 20 36 +H 18 16.7 16.7
8 68 S 2 36 20 36 35 33 0.35 335
9 38 S Unk Unk 20 Unk M4 24 0.64 1.06
10 64 s 25 39 20 38 34 30 149 2.02
11 59 .S - 14 45 30 56 36 23 11.78 23.5
12 62 +S 20 2 : 40 84 R 30 2251 235
13 63 S Unk Unk 20 Unk 31 32 0.003 0.003
14 53 S Unk Unk 20 Unk 31 22 0.15 0.15
15 65 Ex Unk Unk 20 Unk 3 34 20.0 20.0
16 63 5 15 48 50 120 30 33 16.67 16.67
17 54 S 19 35 20 33 3 24 2.51 9.59
18 39 S 14 25 2 25 27 12 2.58 2.58
19 33 5 Unk Unk 2 Unk 26 27 0.21 0.21
20 35 ) 20 . 25 40 30 H 21 0.15 0.15
21 49 S 17 32 20 23 25 24 17.38 17.38
22 56 S 18 38 40 76 23 33 0.16 0.16

Unk. Unknown

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

Table 5 presents the risk of lung cancer by smoking
category and cigarentes/dav. Smoking cigarettes increased
the OR for lung cancer almost sixfold compared to com-
binred nonsmokers and ex-smokers. and 1.4 times com-
pared to ex-smokers. There was little apparent differ-
ence in the OR for lung cancer by the number of ciga-
rettes smoked per dav. Smc Y ng is controlled in some of
the subsequent analvses by including onlv cases and con-
trals who smoked.

Table 6 presents rthe relative ¢dds of lung cancer by
tenure group for all cases and contrels. ORs were around
the null value with i :res.ing tenue The point estimates
for the slope of thie OR was negative. but the upper 95%
confidence limit was positive. 4123 vears’ tenure the es-
timated OR frormn the regression model was .30 ({155,
1.06).

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

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

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

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

Discussion

ed case contro} study

The primary reason for this nest
o : taic exposure was the

was 1o try and determine whether
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Table 3, Case review of lung cancer deaths among talc miners and millers

Case no. GTC emplovment Non-GTC emplovment*
! Carpenter Construction carpenter (37). lumber camp (2) iron Mine (1)
2 Painter Painter (35). Purchasing clerk (iron. St. Joes) (16)
3 Millwright Welder (steel mill) (10). paper mill (5)
47 Miller. oiler. forklift op. Dniler (16)
3 Laborer_oiler Mine (> 9). foundry (molder) (12). construction carpenter
6 Blacksmith and welder Road construction (5). mine blacksmith and welder (6). car mechanic (3). welder
(10)
7 Miner Dairy farmer (35)
3 Mucker. machine man Driller (talc. coal. zinc) (18). St. Lawrence Seaway (5) -
9 Mucker and dritler St. Joe lead (2). paper co. (2). Int. Talc (1). farm (5), army (4). unknown (13)
10 Mucker 2nd driller Military (7). Int. Talc (1). manufacturing (?) (18). truck driver (17)
Il Trammer. electrician. driller. Paper mill (1). hosiery mill (3). Loomis Talc {driller. foreman) (12). constructio
Eimco op.. scraper op.. mucker (1), TV repair110) :
12 Mucker. Eimco op.. driller Mucker. driller 1St, Joe Lead) (2). packer (Talc) (1). farm (3). sinking shafts (1)
hoistman. trammer
13 Mucker Driller (iron} (20). dairy farm (3). carpenter (1). construction (31)
14 Mucker Army (). ALCOA (5). driller (6 mo}. sawmill. unknown {3). const. driller (3).
. Farm (11)
15 Mucker. scraper op.. Eimco op.. Farm. feed mill (1). operator (alominum company) (1)
shaft mucker. driller
16 Miner Farm {23). zinc miner {3), heavy equipment op. (3). zinc mill (3)
17 Mucker. driller Farm. mucker/driller {1alc) (7). blaster (iron Mine) (19)
18 Mucker. Eimco op. Mucker (1). ALCOA (3 mo). military (1). manufacturing bowling pins (1).
unknown (1)
19 Mucker Army (7). manufacturing (1). miner (3 mo). farm. (4 mol. sawmill {1). radio
repair. TV repair {3}
20 Biacksmith Quarry (> 13. ALCOA (5). driller (iron) (4 mo). roofer (hot tar) {2). machinist
13). foundry (1)
21 Laborer. miller. cal. process op.. Paper mill (9). stock clerk (7)
wheeler mill. process air op..
car liner
22 Laborer Road crew (3 mo). St. Joes Mineral (1). iron mine (6 mo). Foundry (molder)

t+ mo). construction (1 mo): navy {3). custodian (22)

“Figures within parentheses represent vears of emplovment. unless otherwise indicated

cause of the elevated standardized montality ratios (SMRs)
for lung cancer which were cbserved in the previgus
cohort studies { Dement et al. 1980: Stille and Tabershaw
1982: Lomm et al. [988 ..e~d which remained after 8
more vears of fcilow-up (Gamble and Piacitelli 1988:
Brown et al. 1990). To do this it is necessary 10 address
the issues of pos<thle confounding from other occupa-
tional exposure. non-GTC talc exposures. and smoking
and to evaluate ¢ __o.wre-respo is2. There was no appar-
ent confoundin 1 from ~her exposures as the ORs showed
no rend 10 ucredse whui increasing risk scores from
nontalc empicvment. As expseted. smoking was a risk

factor for lung cancer and was more prevalent among
cases than controls, therebv confounding the analysis
and elevating the observed risk ratio in the cohort stud-
ies. The exposure-response relat*cnship for all cases and
controls was slightly negative. but not statistically signifi-
cant. When controlling for smoking the trend was negative
and statistically sign:‘i~an1: that is. as tenure increased.
the ORs for lung cancer decreased and the upper 95%
confidence limits were negative. The finding of a de-
creased risk ratio with increasing tenure was not mate-
rially affected by non-GTC talc exposure and remained
whey. cases and controls with less than 20 vears’ latency.



Table 4. Lung cancer risk by nontalc exposure (panel score X
vears worked): all cases and controls

Score tpanel Cases Controis Odds ratio
score x vears
empioved)
221333 3 13 0.55
121-220 6 13 1.10
51-120 s 21 0.57

0- 50 8 19 1.00

n 66

Slope of OR b’ (SE) = —(L0008 (0.0005): &° =b)/bu: 93% CI of
b= —0.002. +0.0002: b =1.82: b, = -0.0007

Estimated OR at midpoint of high exposure group
(score = 377} = 1+ b'{scorer =1 + (—0.0008) (377} =0.70: 95%
Cl: 1+ (~=0.002} (377) = 0.25 {lower): 1 = (+0.0002) (377)=1.08
(upper):y- = 0.266 (NS)

e L

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

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

Smoking history was obtained by questionnaire. and
from several surrogates for cases and dead controls. Two
studies {Kolonel 1977 Lerchen and Samet 1986) indi-
cate 96% and 100% agreement of smoking status when
comparing wives™ responses 10 those of their husbands.
Thus classification by smoking status is likely to be quite
good. If there is recall bias it is most likely to be less re-
collection among cases than among controls.
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Increased risk of lung cancer was present among
workers with short tenures (Dement et al. 1980: Brown
et al. 1990: Lamm et al. 1988). Several possible explana-
tions have been given for this observation (Brown et al.
1990). One is that exposure 1o other lung carcinogens
may have occurred via non-GTC employment. Six of the
22 cases had some known non-GTC talc emplovment.
No increased risk was found for either nontalc employ-
ment nor for total talc employment (both GTC and non-
GTC) when conirolling for smoking. Second. it has been
suggested that short-term employees may have had very
high exposures. In this study cases were matched on date
of hire and so controis had as great an opportunity of
high exposure as did cases. Further. removing short-
term workers (=1 year's tenure) from the analysis did
not affect the results. Thus these hypothetical explana-
tions do not appear to be valid.

Another purpose for conducting the case control study
was to adjust for possible confounding effects of smok-
ing. In an SMR analysis using the U.S. population as-a
standard, the smoking habits of the exposed and referent
populations may differ. thereby in part explaining the
high risk ratio for the talc workers. It has been suggested
that smoking alone does not account for the excess as the
1976 smoking habits of the GTC workers “were not
much different from those of 1J.S. white males™ (Brown
et al. 1990), However, the smoking habits of the 1976
GTC workforce do not necessarily reflect the smoking
habits of the cases. One way to employ a2 more appropri-
ate reference group is to use workers drawn from the
same population as the cases. as was done in this study.
Such an internal comparison population shows quite dif-
ferent smoking patterns from the cases: 91% smokers
among cases vs 64% among controls. and 0% nonsmok-
ers among cases vs 27% among controls.

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

Table 5. Lung cancer nsk by smoking starus
and cigarenies smoked/day: all cases and

Cases

Controls Odds ratio (95% CI}

controls [smokers compared to (1) ex-smok-  gmoker iy} 5.71(0.36.7.81) 1.43(0.31.9.07)
2 ex-
ers and nonsmokers and (2) ex-smokers Ex-smoker 2 6 1.0 (Ex-smoker and 1.00 (Ex-smoker oniy)
only] }
nonsmoker)
Nonsmoker 18
66
Cigareticsiday
>4 11 6.35 1.64
20-39 27 533 1.33
1-19 4 6.0 1.5
Ex-smokers 6 1.00 (ex-smoker only}
Nonsmokers 18 tad w-smoker and
nonsmoker}
66
Slope of OR when rc erence group = ex-smokers and nonsmokers: &’ (SEy= 112
LOURY: Q3% Cl=1 15, 01 by = LA b =11 L3

Estimated OR for 20¢ #/dav smoker = |+ (0. 12)(20) = 342 (3,10, 3.75) =468
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Table 6. Lung cancer nsk by tenure at GTC: all cases and controls

Tenure-vears  Cases Controls Odds ratio
15-36 6 21 0.82
3-13 2 5 1.14
<5 14 40 1.00
22 66

" Slope of OR b’ (SE)= ~0.008 (0.003): b' = by/bw; 95% CI of

b= —0.018. +0.002; b,=1.03: b, = —0.008
Estimated OR (%3% CI) at 25 vears’ tenure =1-—(~0.008)
(25)=10.80 (0.55. 1.06): v- =0.13 (NS)

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

Tenure-vears  Cages Controls Odds ratio
15-36 4 15 o2
5-15 z 5 0.63
<3 14 22 1.00
20 42

Slope of OR b’ (SE) = —0.024 (0.006): 95% CI=-0.04. —0.01:
by=1.04: by = ~0.03

Estimated OR (93% CI) a1 25 vears’ tenure = 1 +{—0.02) (25) =
0.39 (0.11. 0.67): ¢~ = 1.78 (NS)

-~

Tabie 8. Lung cancer risk by tenure at GTC: smokers onlv with =
1 vear’s tenure

Tenure-vears  Cases Controls Odds ratio
15-36 4 15 0.53
5-15 2 3 0.80
1= 5 4 8 1.0
10 28

Slope of OR b’ (SE}= —0.019 (0.007): 95% C1 = —0.03. -0.006:
bn = .04 b| = —{).02

Estimated OR (95% CI) at 25 vears  tenure = L + (—0.0i% (25) =
0.52 (0.19. 0.84): ° =0.577

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

Tenure-vears Cases Controis Odds ratio
15-36 4 15 0.49

5-13 | 4 0.46

<3 12 22 1.0

17 41

Slope of OR b"(SE) = —1L.021 {0.006): 95°% Cl = {—th03. —(LU1:
o= 1.01:b,= =002

Estimated OR at '3 vears’ tenure = |~ (—(L021) (251 =047
(.19, 0.73) - = 1132

turhie vut. 1N0% of the cases were smokers. The overall
SMR for lung cancer was 207. with a lower 93% (T of
121 in the = 20 vear latency group. the SMR was 260
with 2 lower 93% CI of 137. Thus one cannot distin;.uish
k:tween the hvpothetical SMR of 160 and the atal

Table 10. Lung cancer risk by tenure a1 GTC: smokers only with =
20 vears latency and > 3 months tenure

Tenure-vears  Cases Controls 0Odds ratio
15-36 4 15 0.73
5-15 1 4 0.69
Imo-5yr 4 11 1.0
9 30

Siope of OR &' (SE) = —0.01 (0.01): 95% CI =(~0.02. +0.003):
by =0.98: b, = ~0.01

Estimated OR at 25 years’ tenure = 1 + (—0.01) (25) = 0.74 (0.40.
1.08): y*=0.120

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

Tenure-vears  Cases Controis Odds ratio
15-41 7 21 1.03
5-15 2 5 1.23
<5 13 46 i.0
22 66

Slope of OR b’ (SE) = +0.001 (0.006): 95% CI= —~0.01. +0.01:
bp=1.03: b = 0.001

Estimated OR at 25 years tenure = | + (0.001) {25) = 1.03 (0.73.
1.33): y*=0.002 (NS)

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

Tenure-vears  Cases Controls Odds ratio
1541 5 15 0.56
53~15 2 5 0.68
<3 13 22 1.8
20 42

Slope of OR b’ (SE) = =0.02 (0.01): 95% CI: -0.03. —0.005:
ba=1.03: b= -0.02
Estimated OR at 25 vears’ tenure = [ + (—0.02) (25) = 0.54 (0.21.
0.87): ¥° = 0.84 (NL)

SMR for either all the lung cancer cases or for those with
2 20 years’ latency. The inverse and statistically signifi-
cant exposure-response trend found in the case control
analysis points up the confounding effect of smoking in
the cohort analyses. The lack of an exposure-response
trend with talc tenure is contrary to conventional wis-
dom and to the conclusion that workplace talc exposures
account for the increased risk of lung cancer.
Temporality is the oniy standard that may provide i
disputable evidence that an association is not causal
(Rothman 1986). A period of 20 or more years ts a com-
monly used period between first exposure and the induc-
tion of Jung cancer (Selikoff et al. 1980). Since death
often occurs fairly shortiv after diagnosis of the di-ease.
the time between date of hire (or date of starting .mok-
ing) and date of death is used as the latency ;oiod.
The range of latency for asbestos workers at highest
risk (textiles. insulation) and with long expcsure is about
28-34 vears (Selikoff et al. 1980: Knox et :]. 1968: Dej
ment et al. 1983). For a cohort exposed 10 Figh levels ot
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amaosite for short periods. the mean latency is lower (21
vears). (Seidman et al. 1986). as it is for vermiculite and
asbestos cement workers (Weill et al. 1979: Amandus
and Wheeler 1987). Chrysotile miners and millers. re-
gardless of smoking habits or asbestos exposure. have a
mean latency of about 40 vears {Liddell 1980).

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

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

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

Another important criterion for evaluating causality
is consistenicy. There is evidence the 1alc conrains nonas-
bestiform amphiboles and a minor talc fiber component
(Campbeli et al. 1979: Campbell 1978: Kelse and Thomp-
son 1989. 1990: Virta 1985). Minerzl content of the talc
varies some“'hat bul is generallv in the range of 40%—

60% tremolite. 1%~10% anthophylite. 20% -40% talc.
20% -30% serpenune {antigorite-jizardite}. and 0%-2%
quartz {Kelse and Thompson 1989). NIOSH in 1930 re-
ported over 70% tremolite and anthophyllite fibers in
bulk and airborne samples trom the 1alc mine that saris-
fied the regulatory definition of > 3:1 aspect ratio and
>35um length (Dement et al. 1980V, A mineralogical
definition of asbestiform mineral fiber populations re-
quires the presence of many particles > 5um long with
aspect ratios greater than 20:! and thin fibrils < (.3
pym in width. Analvsis of both bulk and airborne par-
ricles from the tale mine wraditionally show little to no
particles with an aspect- ratio of 20:1 or greater. and
none showed such ashestiform characteristics as spilaved
ends. curvature. or parallel fibers occurring in bundles
for the amph bole components. For comparison. about
7L (37%-07%5) of airborne fibers from asbestos min-
e ond bagmng operations had aspect ratios > 2001
About 3% (W% ~6%) of airborne cleavage fiagments
from other nenasbesutorm amphibole mines (camming-
~nite. actinolite grunerite/actinolite) have aspect ranos
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>20:1. The width of airborne cleavage fragments and
asbestos fibers is also distinctly different. About 65% of
amphibole asbestos and chrysotile fibers are > 0.25 pm
wide while 100% of amphibole and tremolite talc cleav-
age fragments are >{.25um in width (Kelse and Thomp-
son 1989). Based on these mineralogical characteristics.
this cohort of taic miners is considered to be exposed 1o
tale containing nonasbestiform tremolite.

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

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

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

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
investigations of possible health hazards in the workplace. These
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes the Secretary of Health and Human Services, following a written
request from any employer or authorized representative of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial hygiene technical and consultative
assistance (TA) to Federal, state, and local agencies; labor; industry and
other groups or individuals to control occupational health hazards and to
prevent related trauma and disease,

Mention of company names or products does not constitute endorsement by the
National Institute for Occupational Safety and Health.
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SUMMARY

The study conducted for this health hazard evaluation adds eight years
of observation to the mortality study of miners and millers at the
Gouverneur Talc Company (GIC) that was published by NIOSH researchers
in 1980. The current study was based on 710 white male workers who
were employed any time at GIC between 1947 and 1978 and whose vital
status was determined as of 1983. When compared to U.S. white male
mortality rates, there were statistically significant increases in all
causes combined (SMR=128, 161 obs.), all non-malignant respiratory
diseagse (SMR=251, 17 obs.), and lung cancer (SMR=207, 17 obs.). The
SMR for lung cancer was slightly higher for the workers with tenure of

. .employment less than 1 year (SMR=222, CI 96, 438) compared to workers
with tenure greater than one year (SMR=194, CI 89, 369). The lung

cancer risk was higher in those with 20 or more years of latency
(SMR=258, GI 137, 441) than in those with less than 20 years of latency
(SMR=126, CI 34, 322). The SMR for non-malignant resplratéry disease
was significantly elevated among those with more than one year of
tenure (SMR=290, CI 144, 518). '

The magnitude of the risk for both lung cancer and non-malignant
regpiratory disease indicate that the workplace exposures at GIC are,
in part, associated with these excesses in mortality. DPossible
confounding factors, such as cligarette smoking and other occupational
exposures from employment elsewhere, may have contributed to these
risks as well. Although the ‘contribution of these confounding factors
could not be totally quantified in this study, it is unlikely that
they, alone, could account for the observed excess risks. i

The principal limitations in this study are; (1) the size of the cohort
(especially for those workers with long tenure), (2) the inability to
precisely characterize past occupational exposures at GIC or:
occupational exposures from employment elsewhere, and (3) the lack of
reliable smoking data. The elevated risks observed in this study are
similar to those in one other study of talc miners in Hew York State.

In summary, the results of this updated study support the findings of
an excess risk for lung cancer and non-malignant respiratory disease

- which was observed in these workers by NIOSH researchers in 1980. The

recommendations for control of exposure made in the 1980 report remaino
appropriate. It 1s recommended that this cohort be updated and
reanalyzed after ten more years of observation,

Keywords: (SIC 1499) talc, amphiboles, cohort mortality study, mining,
lung cancer, non-malignant respiratory disease.
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II.

INTRODUCTION

Researchers from the National Institute for Occupational Safety and
Health (NIOSH) have previously conducted studies of mortality and
morbidity patterns and occupatlonal exposures among talc miners and
millers.(1-8) 1n February 1980, NIOSH researchers published a
Technical Report entitled "Occupational Exposure to Tale Containing
Asbestos“(l), which dealt specifically with talc ore mined by the
Gouverneur Talc Company (GIC) in the Gouverneur Talc District in upper
New York, This report was divided into three sections

(1. Environmental, 2, Cross-sectional morbidity, and 3. Retrospective

) cohorg)mortality), vhich were subsequently published elsewhere

H

Additionally there have been three other mortality studies of GTC
workers, all of which were based on the same basic data set.(9-11)

The interpretation of the epidemiologic findings of these studies; and
the controversy about the mineralogical composition of the tale and its
contaminants at this mine has been the subject of nmumerous
publications.<lz“23)

Authors of the previous mortallty studies differ in thelr conclusions
about the excess risk of lung cancer observed in the GIC workers. The
1980 cohort mortality study published by NIOSH researchers concluded,
"exposures to asbestiform tremolite and anthophyllite stand out as the
prime suspect etiologic factors associated with the observed increase
in bronchogenic cancer and non-malignant respiratory disease among this
study cohert.”(1) Brown et al., also concluded that "exposires to
tales from the Gouverneur mining area are associated with an increased
risk of bronchogenic cancer and non-malignant diseases of the
respiratory system."(ﬁ) Stille and Tabershaw concluded there were
"elevated mortalities but no significant increases in the numbers of
deaths from lung cancer, from non-mallignant respiratory disease, and
from all causes."(9) Lamm concluded that the increased lung cancer
risk "is most likely due to risk acquired elsewhere, such as prior
employments, or to differences in smoking experience or other
behavioral characteristics,"(1l

On November 9, 1985, R.T. Vanderbilt, Inc., requested that NIOSH

" conduct a Health Hazard Evaluation (HHE) to update the 1980 NIOSH study

of employees at their Gouverneur Talc Company in Balmat, Rew York,
particularly that portion of the study that dealt with the mortality
experience of the cohort. In response to this request NIOSH updated
the vital status of the cohort through 1983; and evaluated
exposure-response by latency using tenure as a surrogate of exposure.
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III.

METHODS

Cohort Definition

Since the entire working population is white and ninety five percent
male, the study cohort was defined as all white males who worked at
least one day at GTC between the beginning of operation in 1947 through
12/31/78. This definition did not include any criteria for a minimum
length of employment in order to be consistent with the mortality study
published in 1980.(1) The demographic and werk history data on the
cohort were obtained from R.T. Vanderbilt, Inc., and were originally
collected and prepared by Tabershaw Occupational Medical Associates
(ToMa)(9) and updated by Lamm and Starr.(10) Data on this tape
(referred to as the "DRDS master file") were collected from plant
personnel records and include GIC job histories (date of hire; age at
hire; type, location and duration of each job held while working at
GIC; date of termination) and demographic information.

To assure completeness of the cohort and accuracy of work history
information, comparisons were made between the "DRDS master file",
Social Security Administration (SSA) quarterly reports (1962-1983),
separate lists of employees kept by GIC (one from 1947-1962 and one
from 1947-1966), and the mastéf file used in the 1980 study.(l1,6)

Any differences in job histéry comparisons were resolved using company
personnel records.

Vital status was determined as of 12/31/83 for all white male workers
in the cohort. If the vital status could not be determiﬁed by the SSA
or IRS, then verification was determlined by. telephone fellow-up to next
of kin. Death certificates were obtained for all deceased persons in
the cohort and compared with name, SSN, and date of birth information
in the "DRDS master file" to assure a correct match. The underlying
cause of death was coded by a nosologist according to the Eighth

Revision of the International Classification of Diseases (ICD).

The person-years analysis consisted of a comparison of
age~time-adjusted death rates in the study cohort with the mortality -
experience of U.,S. white males. Standardized mortality ratios (SMR's)
were comguted by the modified 1ife-table technique described by
Monson(24) using the OCMAP computer program.(25 Computation of
expected number of deaths from the external population rates were
adjusted by the OCMAP program for comparability to the Eighth Revisien
of the ICD using comparability ratios developed by the National Center
for Health Statistics. SMR's were calculated by dividing the observed
deaths by expected deaths and multiplying by 100. A statlstical test
to determine whether the SMR was significantly different from 100 was
used, and the observed number of deaths was assumed to have a Poisson
distribution,(26)




Page 4 — Health Hazard Evaluation Report No. 90—3907anh MHETA 86-012

IV,

Person-years (PY) were calculated beginning with initial date of
employment and accumulated till death or end of follow-up (12/31/83),
whichever occurred first. The PYs for all workers were distributed in
5 year age groups and 5 year c¢alendar time periods, for calculation of
expected deaths. PYS also were distributed by tenure and time since
first employment, in order to examine risk by these variables.

Tenure was used as a surrogate of exposure, being defined as calendar
time spent In all jobs between date of first hire and termination of
employment or date of record collection, Latency was defined as time
from first employment to time of observation.

RESULTS

There were 710 wvhite males who had worked one day or more between 1947,
the beginning of construction of GIC, and 1978. Vital status (alive or
dead) was determined for the entire cohort. The cause of death was
determined for all but 5 (0.7%) individuals. Follow-up was ascertained
through 1983, at which time 161 (27%) members of the cohort were dead,

Tabhle 1 provides descriptive data on the cohort. There were a total of
15,294 PY at risk. The average age at hire was 30, and the average age
at death was 56. Almost half of-the cohort (322/710), half of the
deceased members of the cohort’(79/161), and half of the lung cancer

cases (8/17) had worked at GTC less than one year.

Table 2 compares the observed number of deaths to the numb r of deaths
expected for this cohort based on U,.S. white male mortality rates. The
following causes of death had SMRs that were significantly elevated
above 100: all causes of death (128), all malignant neoplasms (145),
lung cancer (207), and non-malignant respiratory disease (251).

Table 3 provides the distribution of lung cancer deaths by tenure and
latency. The lung cancer SMR for the latency group with 20 or more
years was 258 (CI 137, 441); over half (8/13) of the lung cancer cases
in this latency group occurred in the less than 1 year tenure group
where the SMR was 357 (CI 154, 704). Those workers with greater than
20 years latency and with greater than 1 vear tenure also demonstrated
an Increase in risk (SMR, 178), however, the excess was not
statistically significant.

In Table 4, all causes, malignant necplasm, lung cancer, and
non-malignant respiratory disease mortality are stratified by workers
with less than one year tenure and workers with greater than one-year
tenure. After stratification, all cause mortality for workers with
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less than one-year tenure was significantly elevated;.non-malignant
respliratory disease mortality was significantly elevated among workers
with greater than one-year tenure. Other increases did not achieve
statistical significance.

DISCUSSION

This is a small cohort (710 werkers), of which 161 (22.7%X) are
deceased. The SMR analysis (Table 2) indicates a statistically
significant excess of lung cancer and non-malignant respiratory disease
in this cohort. In a previous update of this cohort(g), which
determined vital status as of 12/31/78, ten lung cancer deaths had been
jdentified, This update adds elght new lung cancers to the study. The
SMR for lung cancer was uniform across tenure strata and increased with
increasing latency (Table 3). There was a statistically significant
excess In lung cancer in those with 20 years or more latency and with
less than one year employment. Those in this latency group with
greater than one year duration also exhibited an increased risk but it
was not statistically significant. The increased risk of lung cancer
among those with short duration alsc was observed in the 1980
analysis{1), There are several possible explanations for this
observation. First, cohort members may have been employed in other Rew
York State talc mines and mills-where there may have been additional
exposures to the same or to similar types of mineral dust. This
potential confoundin% varlable 1s difficult to quantify. Based on
limited information (1,27) it is known that as many as half of the

lung cancer tases worked in other talc mining operations. In addition,
there may have been exposure to other lung carcinogens frbom employment
previous to GTC. Second, some of those in the short duration group may
have had very high exposures, especially in the early years of the
mining operation. This, too, is impossible to quantify, especially for
the oldest exposures. Third, the smoking habits among the employees
may have been different from the reference population.

Although several diseases associated with cigarette smoking are
nonsignificantly elevated, smoking alone does not account for the
excess gbserved in the cohort. At the time of the morbidity study by
Gamble(l), which was conducted in 1975, the smoking patterns among
GTC workers were not much different from those of U.S. white males.
Among those in the cross-sectlonal study the distribution was:
non-smokers (21%) ex-smokers (31%) and smokers (48%). The
distribution, in 1976, among white males 20 years and over in the
U.5.(28) yas: non-smokers (28.2%), ex-smokers (30%), and smokers
(41.2%). For those in the age group, 20-44 years old, which is more
comparable to the cross-sectional study group, the smoking prevalence
rate for U.S. white males was approximately 47X. Using an adjustment
for smoking as suggested by Axelson(zg); even if 100X of the cohort
vere smokers, the risk for lung cancer would have been increased only
by 60% or an SMR of 160. '
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A combination of these factors, mentlioned above, may account for the
lack of a positive association between lung cancer ris¥ and duration of
employment. It also should be ncted that the group with less than one
year duratlon represents half of the person-years of the cchort and
although those with longer duration also had an increased rigk for lung
cancer, the number of workers within each strata, by duration of
employment greater than one year, was small and the power to detect a
significant risk within these strata was limited.

The excess for nonmalignant respiratory disease was more consistently
assoclated with an occupational exposure at GIC. There was a larger
excess risk in those with duration of employment over one year compared
to those with less than one year.

To evaluate the consistency of the results of the current analysis with
prior research at GTC, SMR's for all causes and for lung cancer were
compared between three previous mortality studies of this cohort and an
earlier proportionate mortality study of New York talc workers
(Table 5). The earliest report was of tale workers with >15 years
tenure in the northern part of New York State, presumably in the
Gouverneur talc district.¢30,31) The talc contained asbestos
amphibole and serpentine minerals,(32) The proportionate mortality
ratio (PMR) for lung cancer was ‘about 3 times expected,(3

/
The remaining SMR studies(1,%9,11) involved essentially the same
cohort as in this study, i.e. white male employees who ever worked at
GIC since it began operations. The results are consistent, across
studies in that bhoth overall mortality and lung cancer mortality were
elevated; the SMR for lung cancer in the 20 or more year latency group
was 2.6 to 4.6 times expected. Among employees with greater than 20
years latency, the lung cancer SMR was about 2 times greater for
employees with less than one-year tenure compared to those with greater
than one-year tenure. However, these differences are based on small
numbers,

-In conclusion, the results of this updated study support the findings

of an excess risk for lung cancer and non-malignant respiratory disease
which was observed in these workers by NIOSH researchers in 1980. The
recommendations for control of exposure made in the 1980 report remain
appropriate,
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Table 1

Description of Cohort
. Gouverneur Talc Company
- MHETA 85-012

Age Age

at at Person-years (PY) by

Rire Death Time Pericd

Age Group n (%) n_(X) 1947-59 1960-69 1970-79 1980-83 Total PY

<20 107(15) 0¢-) 47 37 &9 0 125
20-2¢ 31144} 5¢(3) 1050 543 864 212 2669
30-39 184(26) 12¢{8) 1302 1446 1063 462 4273
40-49 64( 31(19) 657 1364 1605 492 4118
50-5¢ 32(4) 52(32) 165 624 1304 642 2735
606-69 11¢2) 36(22) 86 150 476 352 1064
70-79 1(<1) 21¢13) 12 54 119 72 257
>80 0¢-3 4(3) 5 3 21 24 53

Total 710 161 3324 4221 5493 2256 15294

Average 30 yrs 56 yrs



Table 2

Cause - Specific Mortality of Cohort, 1947-1983

Gouverneur Talc Company

Cause of Death (ICD - 8)*

ALl Causes (1-999)
Respiratory Tuberculosis (010-019)

All Malignant Meoplasm (140-209)
Digestive Organs and Peritoneum (150-159)
Esophagus (150)
Stomach (151)
Liver (155-1548)
Pancreas (157)
Respiratory System (160-163}
Larynx (161)
Lung(162-163)
Prostate (185)
gladder (188)
Kidney (189)
Brain and CN§ (191-192)
Lymphosarcoma and Reticutosarcoma (200)
Hodgkin’s Disease (201)
teukemia (204-207)
tymphatic (202-203/820.8)

All Diseases of Circulatory System (390-458)

All Non-Malignant Respiratory Disease (460-519)
Pneumonia (4B0-486)
Emphysema (492)
other Non-Malignant Respiratory (460-479,
487-491,
493-519)

All Disease of Digestive System (520-577)
External Causes (800-998)
Accidents (800-949)

Suicide (930-959)

All Other

MHETA 86-012

Number Observed

Number Expected

161

36

NN N a2

g '
-
- N Al = e ed @ e ~y = (D

o
[»-]

s
[TV« SR

18
15

11

+ International classification of Disease, Eighth Revision

++ 95% Confidence Interval for SMR
*  p<0.05
C* p<0.01

125.5

0.7

24.8
6.5
0.6
1.2
0.4
1.3
8.7
0.4
8.2
1.3
0.7
0.6
0.9
9.6
0.4
1.0
0.6

6.7

16.7
11.2
3.8

128**

419

145+
167
167
171
500
154

207*"

250
207~
77
143
167
kRN
167
500
200
167

112

250
240
176
296"

19

108
134
79

95% C1**
109-150
86-1224

102-210
53-242
4-963
21-616
58-1729
18-544
123-328
7-1502
120-331
2-438
4-866
4-B65S
3-625
4-969
62-1857
23-699
4-911

87-142

146-401
90-534
37-523

130-594

51-235

664171
75-221
16-231



Table 3
- Lung Cancer Mortality by Latency éﬁd'Tequre
1947-1983 o -

- Gouverneur Talc Company
MHETA B4-012

TenureT?ears
Years since

date of hire 0-<1 1-9 10-19 20-36 Total
0-<10 0/E 0/7.5 17.7 Q/O 0/0 1/1.2
SMR -- 143 .- -- 83
PY 3612 3274 0 0 6885
10-19  O/E 0/.8 2/.5 17.7 0/0 3/2.0
SHR - 400 167 .- 150
PY 2229 1203 1247 o 4680
20-36  DOJE 8/2.2 1/1.2 2/.5 2/1.1 13/5.0
SMR 3644% 83 400 182 260
95X C.1.  (156,704) (2,457) (54,1611) (21,636) (137,441)
PY 1870 821 289 751 3734
Total 0/E 8/3.5 - 4/2.4 3/1.2 2/1.1 17/8.2
SMR 229 167 250 - 182 207+
PY 77N 5297 1536 751 15294
*p < .05 \'
** 5 o< 01

Mean latency: 22.9 {range: 5.5-34.3)
Mean tenure: 6.3 {(range: 0.003-23.5)




- ‘ Tsble 4 ) -

ALl Cause, ALl Maljgnant Neoplasm, Lung Cancer
and All Respiratory Disease Martality by Tenure

Gouverneut Talc Company
MHETA B84-012

Cause of Death Number Observed Number Exrected SH

Horkers With Less Than 1 Year Tenure

All Causes 79 56.0 141>
ALl Malignant Neoplasm 15 1.9 ©o13%
Lung Cancer 8 3.6 222
All Non-Malignant Respiratory Disease 6 3.t 194

Workers With Greater Than 1 Year Tenure

All Causes ’ 82 9.5 118
All Malignant Neoplasm 21 13.8 152
Lung Cancer 9 4,6 196
All Mon-Malignant Respiratory Disease : " 3.8 289 =
* p<0.05 . .

** p<0.01

95 C.1.

112-176
76-223
96-438
72-428

94-147
93-230
89-3569
145-518



Table 5
Summary: Mortelity Studies of New York Talc Workers

Gouverneur Talc Company
MHETA 86-012

—-

Lung Cancer Mortality

Cohort Size ALl Cause
Eligibility: of Mortality All 5 »20 yr Latency
period of End of Cohort .
Reference employment Follow-up (n) 085S RR 08S RR [+]:13 RR
Kleinfetd(31) >15y tenure 1969 260 108 -- 13 324 .- .-
1947 employed
1940-1959
Brownt?) 1/1/647-12/31/759 &/30/7% 398 74. 121 14 273 é Lb2%*
1980 ! )
wnm——onﬂov 1/0748-12/31/77 12/12/78 655 113 106 10 157 .- --
1982
Lamm(12) 1947-12731,77 12731778 605 118 141% 12 240% -- .-
1988
This Study 1947-1978 12731783 710 161 128** 17 207** 13 258*
* p< .05
** p< .0

08S = Observed number of deaths
RR = PMR or SMR
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SIMILARITIES IN LUNG CANCER AND RESPIRATORY DISEASE
MORTALITY OF VERMONT AND NEW YORK STATE TALC WORKERS

S.H. LAMM, M.D. » J.A, Starr, MSc

Consultants in Epidemioclogy and Occupational Health, Inc., Washington, DC 20007

ABSTRACT

The nsks from matignant and non-malignant respiratory deaths of New York State and Venmont State tale
workers with at least one year of employment have been compared for both miners and millers. The mor-
tality patterns are similar. In both arcas, the talc miners have a 4.5 fold risk of Jung cancer, and the tale
miners have no increased risk of lung cancer. In both areas, all workers appear to have an increased risk
of non-infectious. non-neoplastic respiratory disease (NNRD) mortality, although only the Vermont millers
show a statistically significantly elevated risk (7.9 fold). Thus, although the New York tale has been described
as asbestiform tale and the Vermont talc as non-ashestiform tale, the monality patterns of the warkers ap-
pear to be inconsistent with that classification in that their lung cancer mortality rates are no different and
only ibe Venuont talc millers show a significanily inercesed NNRD mortaliry.

INTRODUCTION

Studies of talc miners and millers in the New York and Ver-
mont talc industry include analyses of mortality, morbidiry,
industrial hygiene, and mineralogy. Mineralogical dif-
ferences between the two [alcs have been highlighted. The
upstate New York tafc contains an elongated particulate not
found in the Vermont talc that is considered by scientists at
the National Inslitute for Occupational Safety and Health
{NIOSH) as remolitic asbestos and by scientists at the Bureau
of Mines and al the company that owns the plant as true talc
particulates and as prismatic non-asbestiform tremolite.
NIOSH has called the New York State talc asbestiform talc
and the Vermont taic non-asbestiform talc. Leaving the ques-
tion of the mineralogical label of these particulates to the
mineralogists, we have elected to examine the respiratory
health outcomes of the employees at these two talc industries.

MATERIALS

The initial shaft of the New York State talc plant was sunk
in 1947. Mining and milling operations started in 1948. The
mortality experience (1947 through 1978) of all persons hired
at the plant between 1947 and 1977 has been reported.}
Mortality analysis was restricted to the 705 male employees
{all caucasian). None of the 36 women employees had died
of a respiratory condition. Sixty percent of the men worked
at the plant for at Jeast one year; twenty percent for two
months to ope year; and twenty percent for less than two
muul.s. Mortality analysis was reported separately for the
280 white male employees employed at the talc plant for less
than one year and for the 425 white male employees
employe J for at least one ycar. That report! suggested that
prior ex ployment jobs accnimted for the lnng cancer mte.

1576

In-plant job records and prior employment histories on the
job applications were analyzed. Employees were classified
from the inplant job records as minerss (387 worked exclu-
sively in the mine), millers (152 worked exclusively in the
mill), and others (34 worked in both the mine and the mill,
11 worked neither in the mine or the mill, and 4] had unin-
formative records).

The cohort of white male employees of the Vermont tale in-
dustry was developed from the records of the Vermont Statc
Heaith Department's annual radiographic swrvey of
employees of the dusty trades, bagun in 1937, Selevan et
al. of the National Institute for Occupational Safety and
Heaith (NIOSH) defined the Vermont talc study cohort? as
all white males in the Vermont tale industry on or after
Januvary 1, 1940 with at Jeast one year of talc employment
prior to January 1, 1970. Individuals who had at least two
radiographs in the file and who had worked for any of five
tale companies in three geographic areas of Vermont were
eligible for the study. Mortality follow-up was continued
through 1975 of the 392 men determined to belong to the

cohort.

Health Department and company records were scrutinized
to determine their job assignments, and each cohort member
was classified as a miner after having had one year of ex-
posure in the mine and/or as a miller after having had one
year of exposire in the mill. 225 workers were classified
as miners; 153 workers were classified as millers (cf ~hom
47 had also been classified as miners); amd 31 were not
classifiable. ‘

ItETHODS
This report compares standardized mortality ratios (SMRs.
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for malignant and non-malignant respiratory causes of death
for miners and millers with ar least one year of experience
in the Upstate New York lalc (said to be asbestiform) in-
dustry with thosc in the Yermont Statc tale (said 10 be non-
asbestiform} industry. Comparison is reasonable, despite the
differences in classification variables between the two studies.

RESULTS
The risks of hang cancer and of non-infectious, non-peoplastic

respiratory disease (NNRD) for employees with at least one
year in the mines or mills of New York State or Vermont

- State tale industries are presented, analyzed, and discussed

below.

Respiratory Monality of New York and
Vermont Talc Workers
Onsarved/Expectsd Suncarszed Mostalty

Aaiigs Ratioa
New Yorx  Vermom New York  Varmont
tung Cancer
Millars 11,49 2/1.96 071 102
Minars 51115 $:1.09 480" 238°
. Tonal 8/3.11 7/3.08 1.92 1.%1
NND
Millers 210.74 7/0.8% 270 TR7"
Miners 2/0.43% 2:0.58 408 387
Qthery 210 .38 2034 525 388
Tatel §/1.61 111,79 373* 815

T = pe0.05, rwo-itridd Pomae tusb

The risk of malignant disease of the lung (Jung/respiratory
cancer) is not increased for millers but is significanty in-
creased (4.5 fold) in talc miners both in New York (4.60)
and -in Vennom (4.35). No difference in risk is seen be-
tween muners and millers of New York and of Vermont
(Figure 1). These data are sufficiently strong 10 rule out with
eighty percent confidence an underlying relative risk for New
York miners vs. Vermont miners of 1.7 and with about ninety
five percent cenainty an underlying risk of greater than 2.0.

700 —
600~
500 -
400 —
300 -
200 ~
100 -
0

Miners
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The risk of non-malignant respiratory disease (excluding
pneumonia and influenza), i.e., NNRD has a significantly
increased risk (almost eight-fold) for Vermont talc millers
but not for New York tale millers (risk of 2.7, not signifi-
cant). The nisks for NNRD for miners are calenlated (o
be 4.1 and 3.6 (both non-significant) for those from New
York and Vermont, respectively (Fipure 2).

As for other respiratory system deaths, influenza or
preumonia caused the death of one New York State talc
worker (0.9 expected) but no Vermont tale miner (0.7 ex-
pected) or miller {0.8 expected). Mesothelioma caused the
death of one New York State talc man {15 years after hire
which followed 28 years in mining and construction) and of
one Yermont talc man.

DISCUSSICN

We have attempted to assemble similarly defined cohorts of
New York State and Vermont State talc workers in order
10 compare the respiratory mortality risks of their miners
and millers. The exposures of millers genernlly exceed that
of miners by a factor of two to six. Nonetheless, both groups
demonstrate 2 similar excess lung cancer risk only for their
millers and not for their miners. The similar hung cancer risks
of the two groups of tale workers exposed to the differently
described talcs suggest that the elongated pasticulates seen
in the New York State talc have nor introduced an increased
lung cancer risk. We further observe that the risk of non-
infectious, non-neoplastic respiratory death, while apparently
increased in all groups, is significantly elevated only among
the Vermont millers.

Standardized mortality ratios (SMRs) were calculated for
each proup based on age-specific, calendar time-specific,
cause-specific mortality rates for white males. The New York
State study SMRs had been calculated using U.S. rates with
gdeath cemificates coded according to the eighth revision of
the International Classification of Diseases (}CD}. The Ver-
mont State sudy SMRs wera first calculated using U.8. rates
and then recaiculated by its authors using Vermont State rates
for non-malignant respiratory disease and respiratory cancer

B New York

D Vermont

]

Millers

Figure 1. Respiratory or lung cance~ mestality risk for miners and millers
of New York State and Vermonr State talc.
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3800~ e
600~
M New York
400 —
I vermont
200~
0 +
Miners Millers
Figure 2. Non-infections, non-mabignant respiratory disease (NNRD)
mortality risks for miners and millers of New York State and
Veanment State talc.
COMPARATIVE LUNG MORTALITY RISKS of
VERMONT and NEW YORK STATE TALC WORKERS »
with at least one year experience at Talc Plan: Ever employed < One Year E
Vermont New York New York New York
Al Emp >t yr. Q/E SVR O/E SVR OJE SVR O/E VR ‘
© - All Causes 44/37.15 i18 64/49.83 128 118/83.58 141" 54/33.75 160° .
Al Cancers 15/9.55 157 26115.7 165" 9/6.15 146
tung Cancer 6/3.61 163 873.11 193 12/5.04 240° 6/1.90 16"
NNFD i111.79 615~ 6/1.61 372" 6/2.64 227 0/1.03 --- 3
Milters L
All Causes 20/21.74 92 35/30.97 113 15/9.23 163 ;
All Cancers 3/4.23 71 6/5.94 101 3.7 1758 %
Lung Cancer 2/1.96 102 1/1.41 71 1/1.92 . 52 0/.51 .- ‘é
NNRD 7/.89 787" 2/0.74 270 2/1.02 196 0/.28 ... i
Minoere %
All Causes . 31/16.76 185" 50/26.32 190" 19/9.56 199 {
A}l Cancers 1013.23 310° 15/5.00. 300" 511.77 282
Lung Cancer 5/1.15  435° 5/1.09  460° 9/1.66  543°  4/0.57 701" H
NNRD 2/0.58 357 270.49 408 210.77 260 0/0.28 --- {
H
Cthers
All Causes 13/11.33 115 33/26.29 126 20/14.,96 134
All Cancers 2/2.09 96 5/4.76 105 3/2.67 112
Lung Cancer 0/0.55 .. 0/0.61 - 2/1.43 140 2/0.82 244
NNFD 2/0.34 5388.0 2/0.38 526 2/0.85 235 0/0.47 .--
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COHORT DEFINITION
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LUNG CANCER

Cohort Variable NEW YORK YERMONT
NEW YORK
Gender Male Male VERMONT
Race White White Observed/Expected
Employment Dates  1947-1977  1940-1969
Employment Duration One Year +  One Year + Millers 1/1.41 2/1.96
. . . ‘7 3 .
Mortality Dates 1947-1978  1940-1973 Miners 5/1.15 5)1.09
Cohort Numbers QOthers 0/0.55 0/0.61
Miners 152 163
Millers 187 2235 SMR _ v
Millers 71 102
Miners 4690 435
Others --- -
4/7/88
COMPARATIVE LUNG MORTALITY RISKS of
VERMONT and NEW YORK STATE TALC WORKERS
with at lsast ane year experience al Taic Plan Ever employed . < ong Year
Vermont New Yerk New York New York
Al EmD »1 yr. Q/E SR O/ SR D/E 241 O/E SR
LATENCY (Years)
0-4 0/0.27 .- - 0/0.42 - - 0/0.15 ---
5-9 0/0.31 .- 0/0.49 0/0.18 .-
10-14 1/G.45 224 - 1/0.69 145.0 0/0.24 ..
15-18 . 210,60 331 2/6.98 . 205.0 0s0.38 ..
20-24 /0,79 378 8/1.29 623" 5/0.50 1000
25-29 010.65 - 47/1.0% 92.0 110,44 227
30+ 0/0.04 .e- 0/0.05 .- 0/0.01 -
Total 6/3.11 193 12/5.01 240" 6/1.990 3ie”
0-8 0/6.58 070.91 T 0/0.33 ..o
$0-19 3/1.05 285 3/1.67 180 0/0.62
20-2% 31144 208 972.38 378~ 6/0.94 638°
30+ 0/0.04 .- 0/0.05 .- 0/0.01 ER.
Total 6/3.11 193 12/5.01 240" 6/1.20 318"
0-4 0/0.27 0/0.42 0/r 48
5-14 110.76 132 1/1.18 85 0/0.42
15-24 5/1.39 g0’ 10/2.27 441" 5/0.88 568"
25+ 0/0.69 1/1.14 B7 1/0.45 222
Total 673! 153 12/5.01 240" 6ri.8¢ Jr16°

ey e GRIT
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4/7/88
COMPARATIVE LUNG MORTALITY RISKS of
VERMONT and NEW YORK STATE TALC WORKERS
wilh at least one year experience al Talc Plant
Vermont New York i
Q/E SR O/E SR Standardized
Al Caucas Emp=~1 44/37.i5 118.0 64/49 83 128 Moriality Ratios
Al Cancers Emp>1 15/9.55 157
Lung Cancer Emp>1 6/3.61 163 6/3.11 193 vermont New York
NNRD Emp>1 11/1.79 615 “6/1.61 372
Pneumonia/initu Emps>1  0/1.88 000D 1/0.9 1089 Lung Cancer
Millers 102 71
Miners 435 460
All Causes Millers 20121.74 g2 Others ae- .-
All Causes Miners 31/16.76 185
Al Causes Others 13/11.33 115
NNRD
. Millers 787 270
All Cancers  Millers 3/4.23 71 Miness 357 408
All Cancers Miners 10/3.23 310 Others 588 526
All Cancers Others 2/2.09 96
Lung Cancer Millers 2/1.36 102 1/1.41 71
Lung Cancer Minars 5/1.15 435 541.09 460
Lung Cancer Others (/0.55 ... 0/0.61 ..
NNRD Millers 7/.89 787 270.74 270
NNRD Miners 2/0.56 357 2/0.49 408
~NAD Others 2/0.34 508 2/0.38 626
4/7/88 Bold = p <0.05
Pneumonia/lnilu Millers  0/.83 000
Pneumonia/influ Miners  0/.67 000 !
Pneymenia/infly Others  0/.39 000 ‘
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NON-INFECTIQUS, NON-
MALIGNANT

RESPIRATORY DISEASE

NEW YORK
VERMONT
Observed/Expected
Miller 2/0.74 7/0.89
Miners 2/0.49 2/0.36
Others 2/0.38 2/0 34
SMR
Miliers 270 787
Miners 408 357
Others 526 583

witls death certificates coded according to the seventh revi-
sion of the ICD, This report bases the SMRs on the U.S.
rates.

The New York State study reports lung cancer as their
measure of malignant respiratory disease and NNRD {non-
infectious, non-neoplastic respiratory disease) as their
mcasurc of non-malignant respiratury disease. The Vermont
State study reports respiratory cancer as their measure of
malignant respiratory disease and ONMRD {other non-
malignant respiratory disease) as their measure of non-
malignant respiratory disease. Both NNRD and ONMRD are
terms for total non-malignant respiratory disease, excluding
influenza and paeumonia. We have used the labels of lung
cancer and NNRD to roprescat the nmlignani and non-
malignant respiratory disease measures.

Twelve of the thirnteen respiratory cancers among the New
York State talc workers were Jung cancers. The thirteenth
case was a man whose five years at the plant included three
months as a laborer/oiler in the talc mill and ended with death
from mediastinal cancer. Re-analysis of the New York State
data as respiratory cancer rather than fung cancer would have
reduced the SMR estimates by about 5% but not have aitered
the comparison between the mipers and millers. Both the

Epidemiology—Fibers

New York and the Yermont data are compared agamst U.S,
mortality rates.

The Vermont data included persons with experience in both
the mine and the mill in each caregory; the New Yark data
separated them out. There were only 34 such New York
workers with experience in both the mine and the mill. Tess
than 0.1 lung cancer and less than 0.1 NNRD deaths were
expected among them, and none were observed. Including
this group among the miners and the millers of New York
Statc would not have affected the iesulls.

Studies of both cohorts lack full information on smoking
history. Each indicates that most of the lunp cancer cases
were known to be cigarette smokers, but data on smoking
appears to be inadequate for both cohorts. There is no
evidence that miners and millers differ in their smoking
habits. Thus, it is unlikely that the differcaces observed in
these comparisons could be due to differences in smoking
between groups.

The mortality of the experienced employees of the New York
and Vermont cohort who worked other than in the mme or
the mill for a year were also examined. There were no fung
cancer deaths. Each group had two NNRD deaths, yictding
non-significant risks of 5.9 for thase from Vermont and 5.3
for those from New York.

While the NNRD mortality may be due to dust exposures
at the talc plants, the etiology of the lung cancer is less clear,
The NIOSH authors? concluded that tale dust was unlikely
10 be the cause of the respiratory caocer, since the risk was
seen only in the miners and not seen among the millers, a
group with probable higher dust exposure. Radon daughter
measurements in the New York mine do not explain the find-
ing. The presence of a particulate in New York dust and not
in Vermont talc dust cannot explain the difference.

The CEOH study! had supporied the hypothesis of risk
from prior employments as the explanation for the lung
cancer risk of the New York State talc workers, however,
that hypothesis has not been examined for the Vermont talc
workers. Further study of both cohuors should be undertaken
to explain the mortality patterns seen. The smatl number of
cases in either group will probably be a hindrance to a full
and clear explaration. Both cohorts should probably be ex-
tended to include Yater employees and the period of follow-
up should be brought more current by at least a decade. A
four-fold risk of lung cancer seen in two different studies
of talc mincrs (but not milleis} ries for an explanation.
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ANALYSIS OF EXCESS LUNG CANCER RISK IN SHORT-TERM

EMPLOYEES

STEVEN H. LAMM.' MARSHAL 5. LEVINE."? JENNIFER A. STARR.® anD
SANDRA L. TIREY™

Lamm, S. H. (Consuitants in Epidemiology and QOccupational Heaith, inc.,
Washington, DC 20007), M. S. Levine, J. A. Starr, and S. L. Tirey. Analysis of
excess lung cancer risk in short-term employees. Am J Epidemjo! 1988;127:1202-
9.

An excess of lung cancer found in a cohort of 741 New York State tremolitic
talc workers observed from 1947 through 1978 has been shown paradoxically to
be concentrated in short-term workers. Review of past work histories suggests
that the excess of lung cancer in these short-term workers may be accounted for
by prior exposures rather than by exposures at the employment under investi-
gation. This finding has significant impiications in view of the developing practice
of including short-term workers in occupational cohort studies in contrast to the
more traditional practice of excluding short-term workers. The traditional practice
was based on the assumption that the inclusion of short-term workers with little
exposure, and thus little risk, might dilute an otherwise apparent association
betweenr mortality and exposure. This study suggests that in cerfain instances

the inclusion of shori-term workers may magnify rather than dilute the estimation
of risk, reflecting the presence of confounding variables. :

lung diseases; lung neoplasms; occupational diseases: talc

New York tremolitic talc workers have
been the subject of numerous epiderniologic
studies over the past 50 years. Earlv reports
(1-4) focused on morbidity and mortality
from pneumoconiosis and related pulmo-
nary conditions. Excess cancer mortality
was reported in 1867 and 1974 by Kleinfeld
et al. (5, 6) in a proportional mortalitv study
of 220 New York State talc miners and

Recetved for publication December 13, 1936, and in
final form August 28, 1987.

Abbreviations: NIOSH, National Institute for Oc-
cupational Safety and Health; SMR. standardized
mortality ratio.

' Consultants in Epidemiology and Occupational
Health, Inc., 2428 Wisconsin Avenue, NW. Washing-
ton, DC 20007. (Reprint requests to Dr. Stzven H
Lamm.) —

?Currently at National Aeronautics and Space Ad-
ministration, Washington, DC.

* Currently at Wharton School of Finance, Univer-
sity of Pennsylvania, Philadelphia, PA.

*Currently at Chemical Manufacturers Associa-
tion, Washington, DC.

millers. Among 91 deaths, the only excess
cancer mortalitvy was for lung and pleural
cancer. This excess was limited to those
workers who had been hired prior to 1945
{at which time wet driiling industrial hy-
giene controls were introduced) and who
had died prior to 1960 at age 60 years or
greater.

In 1973, Kleinfeld et al. (7) examined 39
workers from an upper New York State talc
piant which had begun operations in 1947
and had used onlv the modern wet drilling
techniques. No malignancies, and oniy one
case compatible with pneumoconiosis, were
observed among these workers whose only
known exposure to commercial talc was at
the plant studied. The National Institute
for OQOccupational Safety and Health
{NIOSH) subsequently conducted indus-
trial hygiene studies at this talc plant as-—
well as undenaking cross-sectional morbid-
ity and historical mortality studies of its

1202




ANALYSIS OF LUNG CANCER IN SHORT-TERM EMPLOYEES 1203

workers 13-10). From a cohort mortality
study of 393 white males inicially hired
batween January 1, 1947, and December 31.
1959, and followed for their vital status as
of June 30. 1975. NIOSH reported finding
a statistically significant excess mortality
from lung cancer and from nonmalignant
respiratory diseases,

An indepengent cohort mortality study
of emplovees at this same talc plant was
performed by Stille and Tabershaw (11).
Their cohort study of the 655 white males
emploved berween January 1, 1948, and
December 31. 1977. assessed vital status as
of December 31, 1978. They reported non-
statistically significant elevations of lung
and respiratory cancer mortality in the to-
tal cohort and showed a significantly in-
creased risk of respiratory cancers only for
emplovees with any history of prior em-
plovment. The authors concluded that this
increase was probably due to exposures that
had occcurred prior to employment at this
talc plant.

Due to the contlicting findings with re-
spect 1o excess mortality from lung cancer
in this popuiation of talc workers, a re-
analysis of the data gathered by Stille and
Tabershaw and by NIOSH has been under-
taken.

MATERIALS AND METHODS
Study population

The study population consisted of the
cohort of 741 men and women who had ever
worked at this talc plant from 1947, when
the plant opened and began operations,
through December 31, 1977, All of the em-
plovees in the study population were white.
During this period, 703 men and 36 women

had been hired. Mortality follow-up of the:

36 women was conducted but not included
in the statistical analvsis because of the
small numbers. A total of 425 men worked
at the plant for one vear or more; 280
worked for less than one year. The pericd
of observation in the study extended from
the date of hire to either the date of death,
the date of loss to follow-up, or December
31, 1978, whichever date came first.

The data utilized for this analyvsis were
originally collected by Tabershaw Gccupa-
tional Medicine Associates as described
previously {11). These data were abstracted
from emplovment applications completed
at the time of application for hire and from
job cards and emplovment files maintained
bv the companv. Death certificates were
obtained by Tabershaw Qccupational Med-
icine Associates and by NIOSH from state
health departments. The cause of death was
coded by nosoclogists using the Interna-
tional Classification of Diseases, Eighth Re-
vision.

For this reanalysis. additional data on
missing dates of birth for 16 workers were
obtained from local hospital records. For
the remaining 17 whose birth dates were
missing from the records, an estimated
birth date was developed by G. Block of the
National. Cancer Institute, using the
methed by Block et al. (12) based on the
vear of issuance of the social security num-
ber.

Prior emplovment history

Each prior employment experience indi-
cated on the initial job application at this
tale plant was categorized on the basis of
its likelihood of association with an in-
creased risk of lung cancer, This categori-
zation was developed by a senior industrial
hygienist without knowledge of the individ-
ual's vital status or cause of death. The
basis for classification was as follows:
“Lung cancer risk” jobs included metal
mining (primarily lead/zint mines) (13, 14),
steel-making (15), foundrv (16), roofing
i17}, welding (18), construction (19), and
paper mill (20). Jobs such as retail sales
and restaurant work were clearly classifia-
hle as jobs with “no prior risk.” Qther em-
plovment categories, such as carpentry,
electrical work, transportation, military,
farming, and engineering, which are not
clearly eithér at risk or free of risk were for
this analysis also classified as “no prior
risk” employment. Such a classification
would tend to bias against finding a differ-
ence between the two risk classifications.
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The previous anaivsis by Stille and Taber-
shaw (11) stratified onlv on the presence or
absence of a prior work history on the job
application. while our analysis stratifies on
the basis of specific emplovment informa-
tion contained in the prior work history.

Individual workers were then classified
on the basis of the categorization of their
prior employments as ever having had
“prior risk” (353, or 30 per cent), as having
“no prior risk” (214, or 30 per cent), or as
"unclassifiable” (138, or 20 per cent) be-
cause their job application gave no indica-
tion of their prior work history.

Statistical methods

Observed-versus-expected deaths for all
causes and for specific causes of deaths
were developed and compared. using Na-
tional Center for Health Statistics cause-
specific death rates for US white males and
using the analyvtic program developed by
Monson {21) to calculate the expected
numbers. Comparison between the ob-
served and the expected number of deaths
was expressed as a standardized mortality
ratioc {SMR), where SMR equals 100 times
the observed deaths divided by the expected
number of deaths.

Statistical significance of the difference
of a standardized mortality ratio from 100
is presented as a two-tailed p value based
on a Poisson distribution.

RESULTS

Mortality for the entire male cohort (ta-
ble 1) was significantly elevated (SMR =
141} as were the risks of death from all
cancers t{SMR = 163), from the subclassi-
fications of respiratory cancer {SMR = 2486)
and of lung cancer {SMR = 240). and from
all nonneoplastic respiratory disease (SMR
= 236). There was no significant excess
mortality from nonrespiratorycancers. The
recorded causes of the 10 nonneoplastic
respiratory disease deaths were preumonia
(four}, pneumoconiosis (two), emphysema
(two) and other lung diseases (two). In ad-
dition, an electrician at the talc plant died
from mesothelioma 15 years after being
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hired. He had previously worked 20 vears
in various emplovments as a miner. a
miller, or in construction. Morrality for the
36 females revealed no deaths from lung
cancer or other diseases of particular con-
cern.

A similar analysis (table 1) was per-
formed for the 425 men 160 per cent of the
cohort) who had at least one vear’s duration
of tale plant emplovment f{experienced
workers). The significantly increased mor-
tality from lung cancer noted previously in
the total group was no longer evident. The
significant excess risk for all nonneoplastic
respiratory diseases (SMR = 278) was seen
to be restricted to deaths from noninfec-
rious. nonneoplastic respiratory diseases
(SMR = 370,

When mortality of the total cohort, of
those emploved for at least one vear (i.e.,
one vear or more), and of those emploved
for less than one vear are compared for all
causes, for all respiratory cancers, and for
lung cancer {table 2), it becorces apparent
that the excess mortality from lung cancer
in this cohort is concenirated in those em-
plovees who were emploved for less than
one vear. Furthermore, the excess mortality
from noninfectious. nonneoplastic respira-
tory disease is found only in those who were
employed for one vear or more.

When prior exposure history is added to
the analysis (table 3), it can be seen that
lung cancer montality risk also appears to
be related to prior occupational exposures.
Thus, lung cancer risk is found to be greater
in those who had less than one vear of
employment in the talc plant. and seems to
predominate in those who had potential
lung cancer risk exposure prior to their tale
emplovment.

In contrast to the findings for lung cancer
mortality, mortality from noninfectious,
nonneoplastic respiratoryv disease (1able 4)
is only demonstrable in those workers with
one year or more of emplovment and, un-
like lung cancer mertality, is not concen-
trated in emplovees with prior. exposure
risk.

The 12 cases of lung cancer observed in
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LE 2

All cause, respiratory cancer. lung cancer and nontnfectious, nonneoplastic respiratory disease mortality risks
{1947-1973) by duration of empioyment among male upstate New York talc plant workers

Duration of employment

Less than one year

One vear or more Total cohont

Observed/

Observed/ Observed/

Expected SMRt Expected SMR Expected SMR

All causes 55/33.8 163* 63/49.8 126 118/83.6 141*
Respiratory cancer 6/2.0 300 7733 213 13/5.3 246"
Lung cancer 6/19 317 6/3.1 193 12/5.0 240"
Noninfectious,

nonneoplastic

respiratory disease 0/1.0 6/1.6 370" 6/2.6 227

* p < 0.05, two-tailed test.

+ SMR, standardized mortality ratio.

TABLE 3

Lung cancer mortality risks (1947-1978) by duratian of employment and prior exposure history among male

upstate New York

talc plant workers

Duration of employment

Work history Less than ane vear One year or myre Total cohort
classification o 3 ob 3 o0 "y
served. . served/ . serve
Expected SMRY Expected SMR Expected SMR

Prior riskt 3/0.9 333 6/1.0 308" 9/2.9 318
No prior risk 1/0.4 286 0/0.5 1/0.9 117
Unclassifiable§ 2/0.6 313 0/0.7 2/1.3 154
Total cohort 6/1.9 317° 6/3.1 193 12/5.0 240*

* p < 0.05. two-tailed test.
t SMR, standardized monality ratio.

1 Prior employment in job with lung cancer rnisk (see text).

§ No prior work history on job application (see text)

the total cohort are reviewed in table 3.
Duration of employment of these workers
varied from several davs to over 17 years,
with & mean of 4.7 ears {median of 20
months). Ages at time of hire varied from
24 to 57 vears, with a mean of 34.8 years
(median of 32.5 vears).

DiscussioN

Inclusion of short-term workers in the
analysis of occupational cohort studies is
generally felt to dilute the measure of as-
sociation of mortality with the exposure of
interest because of minimal exposure du-
ration. To compensate for this perceived
difficulty, short-term emplovees are fre-
quently emitted from the analysis.

We have presented an-example of mor-
tality from lung cancer occurring in an

occupational cohort of taic workers which
demonstrates an increased mortality con-
fined precisely to those who are tradition-
ally excluded from analysis, the employees
with short-term exposure (less than one
year). Risk from occupational exposures is
generally expected to increase with dura-
tion of employment. Here the risk does not
appear to do so. The paradoxical nature of

- this finding 1s emphasized by the contrast-
ing fact that mortality from noninfectious,
nonnecplastic respiratory disease in this
cohort does follow the anticipated pattern
of increased incidence with increased du-
ration of employment.

When the lung cancer mortality is ana-
lyzed by duration of employment (table 2)
and by prior exposure risk categories (table
3), it appears that the lung cancer mortality
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TABLE 4

Noninfectious. nonneoplastic respiratory disease mortality risks (1947-1978) by duration of emplovyment and by
prior exposure history among male upstate Neu: York talc plant warkers

Duration of employment

Waork mstory Less than one year One vear ot more Twal cohon
classification oL v ob Y on
serve Sserve served/ -
Expected Expected SMRY Expecred SMR

Prior niskt 0/0.4 3/0.9 318 /1.3 24
No prior risk 0/0.1 3/0.3 1200° 3/0.5 566
Unclassifiable§ 0/0.5 0/0.4 0/0.9 154
Total cohort 0/1.0 6/1.6 370° 6/2.6 227

* p < 0.05 two-tailed test.
+ SMR, standardized mortality ratio.

1 Prior employment in job with lung cancer risk {see text).

§ No prior work history on job gpplication (see text).

TaABLE 3
Characteristics of lung cancer deaths (1947- 197581 among male upstate New Yark tale plant workers

Years of

Case Duration of Date of Prior risk Date ot
no. employment hire af: u employvment death
nire

1 8.0 davs 1948 57 Unclassifable$ 1970
2 19.0 davs 1949 43 Unclassifiable§ 1970
3 2.0 months 1948 31 None 1871
4 2.5 months 1948 26 Metal mining 1971
5 3.0 months 1948 24 Metal mining 1970
6 11.0 months 1948 34 Metal mining*t 1973
7 2.5 vears 1850 a0 Metal mining 1974
8 2.8 years 1948 39 Metal mining 1964
9 3.8 years 1949 a7 Metal mining 1961
10 12.0 years 1933 37 Paper mill# 1973
11 16.8 years 1956 43 Metal mining, construction 1973
12 17.5 vears 1952 25 Paper mill 1976

t Also 5 months employment at another t3lc mine.
1 Also 12 years employment at ancther talc mine.

§ No prior work history on job application (see test).

is significantly increased for short-term
emplovees (SMR = 317) but not for longer
term emplovees (SMR = 193), and is sig-
nificantly increased for those with prior
risk emplovment (SMR = 316) but not for
those whose prior work historv indicates no
such emplovment {SMR = 117).

Several factors might explain these find-
~ ings, including significant exposures occur-
ring prior to (or subsequent to) employ-
ment at this talc plant, greater exposures
for those with the short period of employ-
ment at this talc plant, differences in smok-
ing habits, or perhaps some other factors
that distinguish the short-term employees.

Analysis of prior work histories as dis-
cussed above demonstrates that employ-
ment in industrial jobs associated with an
increased lung cancer risk prior to employv-
ment at this talc plant may be significantly
related to death from lung cancer. Little
information on possible exposures after
leaving this emplovment is available for
evaluation.

It is possible that unusual working-con-
ditions existed during the time of employ-
ment of the short-term workers, as opposed
to that of employees who rematned longer
at the talc plant, but support of this possi-
bility is not evident. It might be that work-
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ers who stayed for a shorter time began
with dustier jobs, but the distribution of
initial job assignments was no different tor
those who left within one vear than for
those who remained emploved for at least
one year. The lung cancer mortality was
found primarily among miners (nine of 12
cases) rather than millers, although mea-
sured exposures were greater tor the mill-
ers. The risk of lung cancer did not appear
strongly related to the date of hire. Five of
the six deaths from lung cancer in short-
term employees occurred in workers who
had worked three or fewer months, with
two having had, respectively, only eight and
19 days employment at this talc plant (1able
5). The presence of unusual working con-
ditions during these short employment
time periods thus appears to be an unlikely
explanation of cur findings.

Variations in other potentially confound-
ing variables in short-term workers, such
as cigarette smoking habits, are also possi-
ble. Limited anecdotal information on
these cases indicates that those who were
known to be smokers were considered to be
heavy smokers. Additional data collection
might assess whether the smoking habit for
these workers was greater than for com-
parison groups and whether the smoking
habit of short-term workers differed from
those of longer term workers.

Other sociobehavioral or environmenial
factors that affect subsequent cause and
age of mortality may distinguish short-term
employees from long-term emplovees. The
“healthy worker effect” is usually applied
to the distinction between the ever em-
ployed and the never emploved or the gen-
eral population (22}. There mav also be a
“short-time emplovment effect” or a “very
short time employment etfect” on mortality
patterns of workers. Gilbert {23) found in
his Washington State studv of nuclear
plant employees that the greatest risks for
cancer and noncancer mertality  were
among those employed less than two years.
We found half the lung cancer deaths in
our study of talc workers to be in those
employed less than one year and one-third
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in those empioved less than three months.
Shindell et al. {24} found ne differences in
mortality risk by duration of employment
in their studyv of chemical workers; how-
ever, their study was restricted to workers
employed for three months or mere. Fur-
ther studies should be done to determine
the differential mortality pattern of short-
term or very short-term emplovees. The
adverse health, behavior, or work-related
practices of persons who remain at a spe-
cific company for only a short period of
time may differ from the practices of those
who remain for a longer period of time or
those who were not hired. In this paper, our
method has been to determine the vital
status of all persons ever emploved and
then to anaivse and assess the results by
duration of employment.

Mortality from noninfectious. nonneo-
plastic respiratory disease was used as a
surrogate measure of fibrogenic lung dis-
ease in this population. If the tale exposure
experienced by workers at this plant is be-
lieved to be both fibrogenic and carcino-
genic, one would expect a similar exposure-
related mortality pattern for both lung can-
cer deaths and noninfectious. nonneoplas-
tic respiratory disease. However, unlike
lung cancer mortality, the mortality risk
for noninfectious. nonneoplastic respira-
tory disease (table 4) is concentrated in
those employees who worked more than one
year (SMR = 370) and in those whose prior
work history did not indicate prior risk
(SMR = 666).

Analysis of the mortality risk by duration
of employment reveals that the risk from
lung cancer in this studv decreased with
duration of emplovment while the risk from
noninfecticus, nonneoplastic respiratory
disease increased with duration of employ-
ment. This suggests that the sources of
these risks are different. )

CONCLUSIONS

The increase in lung cancer mortality
observed in a cohort of talc workers has
been shown to be concentrated in short-
term employees. This increased lung cancer
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risk in short-term workers 15 most likely
due to risk acquired elsewhere. such as prior
emplovments. or to differences in smoking
experience or other behavioral character-
1stics. The inclusion of short-term employ-
ees in this occupational epidemiologic study
has affecred the apparent relation observed
between exposure and outcome in a mag-
nitving rather than a diluting manner. The
analysis in this study suggests that the lung
cancer risk demonstrated in this cohort
may reflect risks acquired before this em-
pleyment rather than during this emplov-
ment. The assessment of risk by duration
of emplovment can reveal unusuai patterns
that may indicate confounding variables.
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The Mortality Experience of Upstate
New York Talc Workers

W. T. Stille, D.P.H., and Irving R. Tabershaw, M.D.

Deaths for a 37-year period (1948 to 71978) were ana-
Ivzed in a historical prospective ¢ohort study of 655 white
male talc workers. Death rates from all causes, from carncer
of the respiratory svstem, and from nonmalignant respira-
tory disease were not significantly different from those of
the US. white male population. However, significant
differences for these causes of death were found among
workers who had previous occupational histories. An
analysis of the latency periods of the observed lung cancer
suggests that exposure to an etiologic agent during previous
work experience may play a role in the development of
fung cancer.

Talc pneumoconiosis was first associated with talc
mining and milling by Thorel in 18961 and since that
time this association has been repeatedly documented in
studies from various geographic sites. However, there are a
number of contradictory reporis regarding disability from
talc pneumoconiosis and its effect an werking capacity and
respiratory function. The contradiction in these reports
has been ascribed to the differences in the mineral compo-
sition of the various talcs. Kleinfeld et al,23 in a series of
reports, confirmed the increased incidence of talc pneu-
moconiosis and noted that among the talc workers who
were 60 to 79 years of age and had 15 or more years of
exposure the incidence of lung cancer was four times that
among the general population. Their follow-up study
repeated these findings but noted that the observed deaths
from 1945 to 1959 dropped to approach the expected
mortality between 1960 and 1969. The authors attributed
this improved mortality experience to better environ-
mental dust control.3

Brown and Wagoner,* using a simifar cohort from the
same population base; i.e., talc miners and millers in upstate
New York, also found a statistically significant increase in
the occurrence of bronchogenic cancer. The average latency
for these cancer deaths was 20 years. They noted that data
on several variables, particularly cigarette smoking and
previous work history, were not available. Thus, from the
work of Kieinfeld et al23 and Brown and Wagoner, it

From Tabershaw Occupational Medicine Associates, 6110 Ex-
ecutive Blvd., Rockville, MD 20852, Dr. Stille was formerly Senior
Epidemiologist. Dr. Tabershaw is Senior Occupational Physician.
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appeared that talc mining in upstate New York is associated
with an increase in lung cancer. Selevan et al,% in studying
workers in Vermont talc mines and mills, showed an
excess of deaths due to nonmalignant respiratory disease
among millers and an excess of lung cancer mortality
among miners. The lung cancer rate was similar to that
found by Brown and Wagoner in their cohort of New York
State workers. Selevan et al concluded, however, that

~ agents other than talc, “‘either alone or in combination with

talc dust, affect mine workers. The possible role of radon
daughter exposures for this cancer mortality risk cannot be
eliminated.”®

The present study includes alf workers in one talc mine
and mill (TMX) in upper New York State who were em-
ployed between 1948, when operations began, and Dec
31, 1977.

Materials and Methods

The work force consisted of 744 persons employed
between Jan 1, 1948 and Dec 31, 1977. Thirty-five women,
primarily employed in office and administrative jobs, were
not included because of the small numbers and a lack of
exposure to talc. Nearly all employees were white and
records indicate that to date all decedents have been white.
The vital status of 36 {5.1%) men remained unresolved
after Social Security and New York State Motor Vehicle
Bureau records were searched. The maximumr cohort
available for analysis consisted of 708 white men, 113 of
whom were known to be dead by Dec. 12, 1978, which was
estabtished as the vital status cutoff date.

Demographic data {microfilmed from employment
records) consisted of the following: worker identifiers;
sex; date of birth, employment and death; cause of death
and information on prior employers. Data on cigarette
smoking were not available. The occupational history in-
cluded dates of work, job codes, and work location codes.
Records were updaled for the dates and causes of death as
such information became available. Death certificates were
coded according to the eighth revision of the International
Classification of Diseases by a trained nosologist. Compari-
sons of observed deaths by age and year of death with those
expected in the U.5. white male population were done by
means of the modified life-table methods described by
Monson.® All standard mortality ratios (SMRs) were com-
puted by this program. Fifty-three workers whose records
iacked dates of birth or other significant data had to be
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Table 1 — Qbserved and Expected Numbers of Deaths and
SMRAs Among TMX Workers (655 White Males With
11,350 Years at Risk).

Deaths
Observed Expected SMR

Cause of Death
ICD,* 8th Revision

All deaths 113 107 106
Tuberculosis (010019}t 3 d 414
All cancer {140-209) 25 205 122
Digestive system {150-159) 6 5.7 108
Esophagus (150} 1 b 216
Stomach (161) 1 1.1 92
Liver (155-156) 2 A 511
Pancreas (157) 1 1.1 83
Respiratory system {160-163) 1 6.8 163
Lung {162) 10 6.4 157
Prostate (185) 1 13 79
Kidney (189} 1 5 195
Brain {181-1932) 1 N 149
Lymphasarcoma (200} 1 5 205
Hodgkin's disease {201} 2 3 631
Leukemia {204-207) 2 9 229
Al lymphopaietic caricer
(200-209) 5 21 230
All circulatory system (390-458) 43 53.7 89
Myocardial Infarction (410-413) 33 38.3 86
Cerebrovastular disease {430-438} 5 71 A
All respiratory disease {460-519) 10 6.1 164
Preumoenia (480-486) 4 2.2 182
Emphysema (492) 2 1.7 121
Ali digestive system (520577} 3 53 57
External causes of death (800-398) 1 126 87
Motor vehicle accidents {810-827) 4 43 a3
Suicide (950-359) 2 28 70

Table 2 — Qbserved and Expected Numbers of Deaths and
SMRs Amaong Talc Workers With Known Prior Employment
Before Work at the TMX (540 White Males With
9,168 Years at Risk).

Deaths
Observed Expected SMR

Cause of Death
' 1ED,* 8th Revision

All deaths 30 60.6 148>

Tubereulosis (010-019}t 3 4 680*

All cancer {140-208) 22 115 192+
Digestive system (150-159) 6 30 201
Esophagus (150) 1 3 382
Stomach (151) 1 6 180

i Liver {155-156) 2 .2 1,013
Pancreas (157) 1 6 164

Respiratory system (160-163) 9 40 228%
Lung (162} 8 31 214
Kidney {189) 1 ) 325
" Brain (191-192) 1 5 206
Lymphosarcoma (200) 1 3 32
Hodgkin's disease (201) 2 2 849
Leukemia (204-207} 2 5 3N

Alt lymphopeietic cancer

(200208} 5 13 34
All cirulatory system (380-458) 36 280 128
Myocardiat Infarction (410-413} 27 203 133
Cerebrovascular diseasa (430-438) 3 3 97

All respiratory disease (460-519) 9 29 307
Pneumaonia (480-486) 3 10 214
Emphysema (492} 2 J 218
All digestive system (520577} 1 35 28
External causes of death {800-998) n 98 112
Motor vehicle accidents (810-827) 4 34 119
Suicide {350-959) 2 2.2 92

* 1CD indicates International Classification of Diseases
t  Numbers refer to 1CD code

dropped from the life-table analyses. Thus, the study
cohort consisted of 655 white males, a relatively small
sample size and therefore a limitation on the study.

Resuits

Table 1 shows the numbers of observed and expected
deaths in the study cohort of 655 white male talc workers.
Although the SMRs are elevated, the numbers of deaths
from all causes, from cancer of the respiratory tract and
lung from nonmalignant respiratory disease, or from ather
causes of death are not significanty different from those
occurring in the U.S. white male popufation. Numbers of
deaths from circulatory diseases, digestive tract diseases,
and accidental and external causes are lower, but not sig-
nificantly so. The SMR of 106 for all causes of death has
95% confidence limits fram &7 to 128, thus the totai talc
worker population has an SMR within the usual range of
variation from the national data. Since people who are
chronically ill or disabled are usually unemplayable and
have higher death rates, healthy working populations
typically have SMRs beiow 100. The SMRs in an occupa-
tional group with values over 100 indicate either possible
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* Indicates statistical significance at the 1% level
t Numbers in parentheses refer to 1CD codes
t Indicates statistical significance at the 5% level

work place hazards or possible confounding with non-
occupational exposures.

One such non-occupational exposure is smoking, and it
is noted that the SMR of 163 for respiratory cancer in this
population is consistent with a smoking effect. While the
actual smoking experience of this population is not known,
insight into it is gained from knowing the smoking patterns
of current TMX waorkers, many of whom are included in
the study cohort. Among 151 workers given a medical
examination at TMX in 1979, 69 (46%) were current
smokers, 38 {25%) were past smokers and 44 (29%) were
nonsmokers. The percentage of current smokers is higher
than in the general population, but is consistent with pat-
terns seen in the mining industry.

The SMR for ali causes of death, 106, may aiso reflect in
parl inclusion in the cohort of everyone ever employed
during the study period, regardless of their length of
employment. Universal cohort membership generally tends
to increase SMRs, since short-term workers often have a
greater mortality experience than long-term employees.
Most study designs exclude workers with less than one vear
of working experience, The practice was not followed in
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Table 3 — Observed and Expected Numbers of Deaths and
SMRs Among Talc Warkers With No Known Work Prior to
TMX Employment (115 White Males With 2,183 Years of Risk).

Deaths

Cause of Death N ottaol B
Observed Expected SMR

ICD, 8th Revision

All deaths 23 459  50*
Al cancer {140-209)1 3 90 33
Lung {162) 2 26 76
Prostate (185) 1 .8 120
All circulatory system {390-458) 12 259 46
Myaocardial infarction {410-413) 6 180 33
Cerebrovascular disease {430-438) 2 40 50
All respiratory diseases {(460-519) 1 32 3
Pneumonia (430-486) 1 11 90
Al digestive system (520-577) 2 1.8 112

* Indicates statistical significance at the 1% level; note that this
SMR is lower than expected with respect to the U.S. national
data

t Numbers in parentheses refer to 1C0 codes

this study in order to maximize ¢ohort size.

The use of the U.S. white male pepulation as the exter-
nal comparative group does not necessarily describe the
TMX mortality experience, since the mortality experience
of the U.S. white male population is likely to vary substan-
tially from that of this cohort. For example, the New York
State cancer death rate is 199.24 compared to the national
average of 174.04, approximately a 13% difference.’

Since exposures prior to employment at the TMX could
have included carcinogens and other substances hazardous
to the lungs, the results have been analyzed to investigate
this possibility. Table 2 shows the observed and expected
numbers of deaths and the SMRs for all workers whose job
histories show prior work befare employment at the TMX.
Deaths for all causes are significantly increased, as are
deaths for a number of cancers and for nonmalignant
respiratory diseases. Since the cancers and lung diseases
typically have long latencies, the possibility exists that
exposures prior to work at the TMX were responsible for
at least some of these diseases.

Table 3 shows the observed and expected numbers of
deaths for workers with no known employment prior to the
TMX. Mortalities for all disease categories do not differ
significantly from those for the comparable U.S. popula-
tion. In fact, the SMRs from all cancers and all respiratory
tract diseases {33 and 31, respectively] were among the
lowest of all the mortaiities. It should be noted that workers
whaose employment records were devoid of work history
data were judged as having had no known prior employ-
ment and thus were included in Table 3. If some of these
workers did indeed have work experience before employ-
ment at the TM X, the effect would be to increase the SMRs.
However, even with this possible compromising effect,
Table 3 shows a remarkably healthy work force, with most
mortalitics at 50% orless of those of the comparable U.S.
population. As noted carlier, however, the small sample size
limits the conclusions that can be drawn from this study,

Five of the 12 lung cancer cases, which are included in
Table S, were substantially older than the median age of

482

! Table 4 — Age at Death and Segments of Work History

of Workers at the TMX With Bronchogenic Carcinoma,

Years
or Days
Age at Pre-TMX Employed Post-TMX
Case No./Death, yr Employment at the TMX Employment

1/38 10 4 7
2/48 8 17 6
3/53 8 47 days 27
4/53 13 56 days 23
5/54 12 3 21
6/55 21 3 13
/59 16 345 days 24
8/62 26 17 1
9/64 25 17 days 21
10/79 39 8 days 22

the entire cohort at age of hire. For those workers with
TMX-only employment, 63% were under 25 when hired,
contrasted with 35% for those with previous experience,
The difference in age at hire between the two cohorts may
partially explain the deficit in disease mortality among
TMX-only workers and the lung cancer experience of those
with other work history.

Discussion

Workers with previous jobs before employment at the
TMX were found to have high mortalities, as shown in
Table 2. Workers with no known work history before em-
ployment at the TMX were found to have much lower
mortalities (Table 3). Thus, it would seem that exposures to
health hazards occurred in these earlier jobs and that these
exposures are causally related to the higher rates of death.
Obviously, mines and mining operations are not uniform
with respect to the occurrence of health hazards and, as
previously stated, Selevan et al® have described increased
rates of lung cancer in some talc miners exposed to radon
daughters. No significant radon daughter exposures oc-
curred at the TMX.22 The low mortalities given in Table 3
are in agreement with the absence of radon daughter and
other related hazardous exposures at the TMX. However,
mortality studies such as ours lend themselves to various
conclusions. Lacking data on smoking and other personal
risk factors, we sought to obtain confirmation for our
interpretations by an independent analysis of lung cancer
latencies.

Data for an analysis of the lung cancer latencies are given
in Table 4. For each of the ten cases of lung cancer, the
employee's years of occupational history are given as the
following: pre-TMX employment {employment was deter-

—M Wb

NUMBER
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10 15 20 25

YEARS EMPLOYED AT TMX
Fig. 1 — Number of lung cancer cases by years of employment at
T™X.
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Table 5 — Latencies of Bronchogenic Carcinomas in TMX Workers

Bronchogenic Carcinomas in

TMX Workers Whase Exposure
is Hypothesized to Begin

At Age 18,
Latency, Oa Employment  Prioe to TMX
*yr at the TMX Employment

<10 1
10-14 1
15-18 2
20-24 5
25-29 3
30-34 -
35-39 -
40-44 -
45-49 -
5054 — -
5559 -

=560 -

Tatal 12 12

) e s s |

-

Latency 199 38.2

*  From onset of exposure to diagnaosis or death

mined arbitrarily to have begun at age 18); tenure at the
TMX; and the period from TMX employment until the
diagnosis of lung cancer or death. Although not included in
Table 4, two additional persons with lung cancer should be
noted. The first was surgically treated for lung cancer at age
47 after 137 days of employment at the TMX. At age 57
he died of pneumonia. His significant occupational periods
were 29 years pre-TMX, 137 days of TMX tenure, and zero
years post-TMX to the time of diagnosis of lung cancer.
The second individual died of lung cancer after the cutoff
date, His significant occupational periods were 15 years pre-
TMX, 23 years of TMX tenure, and six years post-TMX.

To explore the nature of the dose-response relationship,
column 3 in Table 4, which lists numbers of years or days
employed at the TMX, is graphically represented in the Fig-
ure. The tweo additional cases of lung cancer just described
are included. The clustering of nine of the 12 cases within
the first five years of employment at the TMX shows an
inverse dose response, i.e., higher risks of lung cancer with
less occupational exposure to talc. The lack of a dose
response, in terms of years of exposure at the TMX, is in
agreement with our findings that workers with “exclusive"
TMX employment seem 1o be at no considerable risk of
having lung cancer develop.

Knowledge of the latency period of a disease permits
determination of the probable time at which pathological
processes began. Thus, the analysis of disease latencies can
be useful in attributing or refuting evidence as to wnen
causal exposures occurred, Armenian and Lilienfeld1? have
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reviewed the latency periods of a number of cancers. They
present evidence that leukemias in different populations
and under different conditions have median latency periads
and latency variabilities that are quite simitar. They also re-
viewed data that indicate that the intensity of exposure has
very little effect on latencies of other neoplasms. Hence, we
hypothesize that if occupational talc exposure results in
pulmonary exposure to a carcinogen, then the distribution
of TMX workers [ung cancer latencies should be similar to
those reported for lung cancer in other studies. However,
if such exposure is not carcinogenic to the lung, then the
distribution” of TMX lung cancer latencies would be dis-
similar to lung cancer latencies reported elsewhere.

To test the hypothesis that carcinogenic exposure began
at TMX, the median tung cancer latency of 36.5 years, as
calculated by Armenian and Lilienfeld,1® was compared
to the fatency period from the onset of TMX employment
to the diagnosis of each lung cancer. As can be seen from
Column 2 in Table 5, the average latency period of 19.9
years for lung cancer among the TMX workers is almost
half the 36.5 years noted above. The Chi Square goodness
of fit test provides a quantitative basis for rejecting the
hypothesis at the 5% level of statistical significance.

If the occupational talc exposures to the TMX are not
carcinogenic, then the question shifts to what other ex-
posures occurred that may have caused the lung cancers.
Since each of the subjects with lung cancer included in
Table 4 had between eight and 39 years of possible accupa-
tional exposure from the time of his 18th birthday to em-
ployment at the TMX, this prior period of exposure may be
related to subsequent cancers. To test this possibility, we
hypothesized that the causal exposure for the lung cancer
occurred before employment at the TMX. The data in the
last column of Table 5 reveal 2 much more reasonable
relationship to the lung cancers reported by Armenian and
Lilienfeld. This second hypothesis, that the causal exposure
began before TMX employment, yields an average latency
period of 38.2 years, which is only slightly fonger than the
Armenian and Lilienfeld median of 36.5 vears. The Chi
Square goodness of fit is almost zero, indicating a very close
agreement between the lung cancer worker latency periods
and those of talc workers when exposures prior to TMX
employment are hypothesized as carcinogenic. Hence, the
initiation of cigarette smoking in the late teenage vears,
World War )l exposures, excessive exposures to mineral dust
in the past, diet and nutritional status, absence of complete
work history, preexisting diseases, and other unknown
etiologic agents could contribute to the etiology of the
observed lung cancers, while exposures at TMX seem to be
noncarcinogenic. It should be noted that nine of the 12
employees with lung cancer worked underground in TMX,
which suggests that their other jobs also were likely to have
been underground. Review of the death certificates tends to
confirm the observation that these men worked in occupa-
tions known for their dusty environment. The employment
policy of TMX 1o preferentially hire experienced workers
appears to have resulted in the confounding ef prior
hazardous exposures with ecmployment at TMX,

Summary and Conclusions
A historicat prospective mortality study of workers at an
upstate New York talc mine demonstrated elevated mortali-
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ties but no significant increases in the numbers of deaths
from lung cancer, from nonmalignant respiratory disease,
and from all causes. However, workers with exposures in
other jobs prior to work at the TMX were found to have
excessive mortality from lung cancer and from nonmalig-
nant respiratory tract disease. Exposures in jobs held prior
to TMX employment also were implicated in an indepen-
dent analysis of lung cancer latencies.
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Letter to the Editor of JOM

THE TOXICITY OF UPSTATE NEW YORK TALC

In a recent issue of the JOM, Tabershaw Occupational Medicine Associates
(TOMA) reported the findings from a study entitled, "The Mortality
Experience of Upstate New York Talc WOrkers".l The TOMA report concluded
that exposures experienced at a particular New York State talc¢ company
(identified as TMX) were not carcinogenic and did not result in any
increased risk from lung cancer. TIney suggested that any excess in iung
cancer mortality observed in the workers could be attributed to other

factors, including prior occupational exposures.

The National Institute for Occupational Safety and Health (NIOSXE) had
previously conducted a study of mortality among workers at the same talc
company . NIOSH concluded, in contrast to the conclusions reached by TOMA,
that the possibility of an excess lung cancer risk among workers azr "TMX"
could not be dismissed, and that occupational exposure to the talc mined in
the Upstate New York region is associated with an increased risx in
developing lung cancer. In this letter we offer several reasons for the

discrepancy between these two studies.

The conclusions reached by NIOSH were based on the f{inding of a
statistically significant, 3-fold increase in both lung cancer mortality and
mortality from non—malignant respiratory disease among a cchor: cif talc

workers first employed at the "TMX" mine between 1947—1960.2 In addition,
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mineralogical analyses (performed by both NIOSH and independent
laboratories) demonstrated that talcs from the "TMX" mine contain fibrous
tremolite and anthophyllite,3 and that the talc ore from "TMX" was
substantially the same as that of other mines in the Gouverneur Talc
District of Upstate New. York where the "THX" mine is located and where many
of the "IMX" workers were previously employed.3 These mineralogical
analyses are important when interpreting the toxicity of "IMX'" talc because
previous studies of workers exposed to talc from other Upstate New York
mines also found an excess in mortality due to lung cancer and non-malignant

3,

respiratory disease, and other studies of workers exposed to

anthophyllite and tremolite have demonstrated similar findings.” Thus,
the NIOSH conclusions are not based.on the results of the cohort mortality

study alone, but also on enviromnmental sampling and on the corrobaration of

findings at "TMX" with previous reports.

Several problems in the TOMA.analysis appear to account for the difference
between the TOMA and NIOSH conclusions. First, the IOMA study performed no
analysis of mortality by latency interval. Instead, the TOMA study allows
workers to enter the cohort as late as December 31, 1977. In the absence of
a proper analysis of risk by latency, the possibility arises that a number
of recently hired workers are included in the TOMA study group, and that
their low rate of cancer mortality may have masked any excess risk that
truly existed among workers who had experienced an adequate observaticn

period, ie., who had first been employed prior to 1960.
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Second, the distinction made in the TOMA study between previously employed
and not previously employed workers overlooks several possibly confounding
factors. To address the possible influence of exposures from previous jobs,
the TOMA study divided the cohert into those with any known work history
prior to employment at "TMX" and those with no known previous work history.
This exercise yields a sub-cohort of 540 workers with previous employment
and another of 115 workers with no previous employment. When cause-specific
mortality of the two subcohorts is examined, the risks associated with the
first (N=540) are unusually high for almost every cause, while those of the
second (N=115) are unusually low. The TOMA investigators suggest that this
difference may reflect hazardous prior exposures, but in fact, it appears to
be a consequence of selection biases inherent in the definition of the
subcohorts. These selection biases include differences in the length of the
follow-up period (i.e. those with previous employment probably have a much
longer time since first exposure), -and differences in the percentagé of more
recently hired workers {i.e. there is probably a much higher percentsge of
more recently hired workers in the group with no previous employment, a
difference which exaggerates the healthy worker effect). Furthermore, the
size of the population with no previous employment is extremely small

(23 total deaths, 3 cancer deaths). Any mortality analysis based on such a
small cohort with generally short latency 1s not likely to be very

informative.

Third, the TOMA study does not calculate the relative risk of lung cancer by

"doge'. Their conclusion that there is ". . . an inverse dose response,
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ie., higher risks of lung cancer with less occupational exposure . . ." is
supported by an analysis which simply counts the number of observed deaths
(and not the expected number of deaths) in each category of years employed.
Such an analysis is not very meaningful. The same comment can be made about
the TOMA latency analysis which employs the same procedure. In addition,
TOMA's conclusions regarding the ''megative'" effect of dose~response and
latency ighore the fact that many "TMX" workers had previous employment in
other neighboring talc companies where the talc has been shown to be

basically the same as that at "TMX".

In summary, the TOMA report fails tﬁ address adequately the question of
whether or not there is an increased risk from lung cancer specifically
associated with working at the "TMX" facility. 1In fact, at this time, it is
not possible to answer this question based on epidemiologic data alone,
because the population available for study is small, the follow-up ﬁeriod is
relatively short (long latency diseases associated with employment at this
company cannot be adequately addressed), data on smoking are lacking, and
previous exposures in other neighboring talc mines and mills represent a
confounding factor. In addition, in order to conclude that the talc from
"TMX" is not carcinogenic as stated by TOMA would require: 1) A negative
study based on a cohort of sufficient size that also has sufficient latency;
2) A demonstration that the talcs from the "IMX" mine are different from
other talcs in Upstate New York in their content of tremolite, anthophyllite

and other contaminants; or, 3) That other mortality studies of Upstate New
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York talc workers incorrectly attributed increased lung cancer mortality to
talc exposures. The TOMA study does not adequately address any of these

considerations.

Sincerely yours,

David P. Brown, M.P.H.

Assistant Chief

Industrywide Studies Branch

Division of Surveillance, Hazard
Evaluations and Field Studies

National Institute for Occupational
Safety and Health

4676 Columbia Parkway

Cincinnati, OH 45226

John M. Dement, Ph.D.

Health and Safety Manager

National Institute for Environmental
Health Sciences

P.0. Box 12233

Research Triangle Park, NC 27709

James J. Beaumont, Ph.D.

Chief

Epidemiology 1 Section

Industrywide Studies Branch

Division of Surveillance, Hazard
Evaluations and Field Studies

National Institute for Occupational
Safety and Health

4676 Columbia Parkway

Cincinnati, OH 45226

1 Enclosure
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TALC-NIOSH DRAFT COMMENTS 6/20/84, 7/3/84, 8-2-84

RESPONSE TO NIOSH COMMENT S ON CEQH REPORT

.DATA DIFFERENCES

A detailed comparisoﬁ of the data in the NIGSH and CEOH reports
has beasn made and reviewed Ey both Dr. Lamm of CECH and Mr. Brown of
NIOSH. Mr. Brown has reviewed thé work histories and has concluded
that "the work history of (lung cancgr?—case #3 in CEOH report and lung
cancer case A2 in NIOSH's report) as given in the NIOSH Technical

Report is apparently in error". There has been no other dispute with

regard tg work history.

The cancer diagnosis of case #0 in CEOH report (not in NIOSH
report) listed on the death certit‘icate was "carcinoma lung due to
carcinoma liver." Mr. Brown relates that although the hospital report
indicates that the final diagnosis was "pneumoconicsis with a lesion
in the right upper lobe which spread to the hilum," the report states
that "it is difficult to state whether the primary carcinoma is in the
lung or in the liver." NIOSH, based on the 1ICDA-8 nosological rule
that cancers not specified as secondary are considered primary except
if they occur in lymph nodes or liver, therefore, NIOSH classiflied the
case as lungcancer. The coding rules of ICDA-8 would have classiflied
thls case as a lung cancer (not specified as secondary)-162; the

coding rules of ICDA-9 would have classified thié case as a liver
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cancer {not specified as secondary)-155.2.

CECOH did not consider the evidence to be sufficient to classify the
case as a primary lung cancer. Rather, CEOH considered in its report
that the death certificate's full statément "death wés caused by
(immediate cause) carcinoma lung due to (or a consequence) of
"carcinoma liver (due to as a consequence of) pneumoconiosis”
indicated that carcinoma lung was a secondary cancer and that

carcinoma liver was either a primary or secondary cancer.,

Recently (4/24/84), NIOSH informed CEOH that the hospital
reported, in addition to the lung ‘Finfings, that the patient “had a
mass in the colon and multiple' filling defects of the liver".
Unfortunately, an autopsy was not perfox";ned. The above information,
however, suggests that the case was likely to be a bowel cancer with
metastases to the liver and to the lung periphery. Based on all of the

above, CEQOH classified this death as caused by other than primary

carcinoma gof the lung.

There is, thus, adispute as to the appropriate classificartion of
this case. This dispute revolves about both the absence of adequate
information on this case and on its death certificate and the slignht
vagaries in the refinement of the code as peculiarities are
identified. One such peculiarity is theclassification of cancers not
specified as primary, yet indlicated (but not specified) as secondary.
The rules through the eighth revision have classified these as primary
with the exception of liver and lymph nodes. In the ninth revision,

code 155.2 (liver cancer, not specified as primary or secondary) was
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included, NIOSH reports that it has adjusted to the 7th ICDArevision;
CEQH has adjusted to the 9th ICPArevision. Adjustment of the expected

numbers has only a minimal, non-detectible effect on the SMR's or

relative risks.

ANALYTIC GOALS-

Brown et al., (1983) proposes that the TOMA and CEOH analyses
should "convincing enough to conclude that R.T. Yanderbilt talc is not
carcinogenic." This goal, which NIOSH proposes, is not a reasonable
or feasible one, both because it requires the ohserver to be
convincible and because proof of. ngn—carcinog"énicity is not an
endpoint of epidemiologic studies. Rather the endpoint of an

epidemiologic analysis is the assessment of the strength with which a

positive associationcan be demonstrated.

The NIOSH study does demonstrate that there is a statistically
significant increased risk of dying f‘rom lung cancer for men who have
been employees of Gouverneur Talc Company and that this risk peak's.
twenty plus years after hire, No further statement can be made from

the limited analysis presented by NIOSH.

NIOSH reports that less than half its study cohort had even
worked one year at the plant, but has nat analyzed whether the risk
inc‘reases with increased duration of employment. In other studies,
NIOSH has compared the risks for miners and millers, but here has not.
NIOSH has performed no analysis to assess whether the lungcancer risx

isrelated toexposure at the plant or employment at the plant.
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TOMA and CEQH have each assessed these qualities in different
manners and have basically cencluded that while there 1s an excess
risk of lung cancer mortality associated with employment at GTC,

avallable evidence does not indicate that therisk is attributable to

expasure to GTC talc,

An assogciated risk demonstration merely shows that the observed
mortality was statistically significantly (p<.05) greater for a group
than would be expected based only on their age, race, sex, and period
of observation. To determine provisionally that an associated risk
may be attributable to some specific r¥sk or exposure, it isnecessary
to demanstrate both that the assoéiated risk can not be explained by or
accounted for known factors and that the residual risk behaves in a
pattern consistent with being due to that factor or exposure. NIOSH
has not adequately examined the data to determine whether the
assocliated risk is attributable to GTC talc dust or particulate
exposure, CEOH has, and concludes, within the limits of the study,

that the excess risk does not appear to be attributable to exposure to

GTC dust or its components.
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SPECIFIC CONCERNS

Brown raises a number of specific concerns that can be dealt

with,

Exposure Data

~The CEOH report quotes the 1977 NIOSH data as an example which
NIOSH would accept. That data is consistent with the historical data
at the mine, in NIOSH's files, and published in the literature.
Kleinfeld in 1973 published 1970 data showing exposures in the mine
(excluding primary crushing) to about‘?/B that of the exposure levels
in the mill. Kleinfeld (74) has shown historically that exposure
levels inmines (ever since wet minir@1WQ§ infroduced about 1945) have
been markedly lower in the mines than in the mills. GTC has only had

wet mining since it opened. While mining practices have of course

changed over time, the exposure pattern has beenrather consistent.

Subcohort Aralysis

b

The presented analyéis has caonsidered both duration af
employment and latency in its analysis of the total workforce, ang
partially for its subcehorts of miners and millers. NIOSH has not
performed this type of detailed analysis but opted to use a single
latency analysis on its total GTC group., Neither a latency nor a
duration analysis were performed in NIQSH's study of Vermont miners
and millers. NIOSH asks more of CEOQOH than of itself. CEDOH's tables 8
and 9 indicate that NIOSH's 1latency findings are dependent on the

short~term employees and disappear when duration of employment
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greater than one year is considered. CEOH has used a one year cut off

in its comparative study, conforming to NIOSH's study of Vermont talc

miners and millers where also a one year cut-off was used.

Cause of Death Ascertainment

CEOH has reported its analysis of the lung cancer mortality
' (1CD-7, numbers 162.1 and 163) among the GTC cohort, what NIOSH calls
bronchogenic cancer. Case #C died of mediastial cancer (ICD-7, number
164), which, while classified as respiratory cancer, isnot a lungor
bronchogenic cancer. Case #D's death certificate read "cancer lung
due to cancer liver,” which coded ¥n I1€D-9 and convert to 1CD-7 would
be number 155. Later information from NIQSH revealed that the worker
had a mass in the colon. Thus, it is mosi‘.‘likely that he died of colon
cancer metastatic to the lung and the liver {(note that the death
certificate indicates that the onset of the liver and lung cancers as
occurring at the same time one month before death.) NIOSH coded it by
1CD-8, as a lung cancer. Interpretation should be based on validated

cases, not coding aberrations.

Prior Talc Emplovment

We have reviewed our coding and classificationwith NIOSH, NIOSH
originally reported that three of their cases had prior talc
emp-loyment. One of their cases is our case C, who had mediastinal
cancer, not lung cancer, The second case has Now been reviewed by NIOSH
which reports that they were "apparently inerror”; and with the third
case we concur. Thus, NIOSH and CEOH agree that only one of the lung

cancer cases 1s known to have had prior talc emplgyment, based on the
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Job application information.

Prigr Risk Classification Selection

The classification .of the prior employments was made
inde:;:;endently by a senior industrial hygienist without knowledge of
the vital status or cause of death of the workers. There certainly
“would be discrepancies between various "experts” as to which jobs or
employments. The "a priori"” decisions made in this study are detalled
in the repert on pages A-12 and A-16., Table SA on page A-17 shows the
distributicn of workers by prior risk groups and tables 13A and B on
page B-7 show the outcome analys,isf by priqr Tisk groups. The

interpretaticn of these tables is given on page 8-6.

Table 10 and 11 in the body of the report are extracted from
tables 13A znd B in Appendix B. Tables 10 and 11 ralate to those
workers who gave a prior work history. As canbe seen from table 134,
only 9 of 11 cases are shown in table 10 (Brown misidentifies as table
11) .because one case gave no prior employment history on the job
applicaticn and one had no personal history and was without a job
application in nls personnel file, Stille and Tabershaw chose to
compare the lung cancer risks for those with prior work histov':ies and
those without prior work histories. CEOH chose to compare the lung
cancer risks of those whose prior work histories showed no employment
thought to involve a lung cancer risk and those whose did. No doubt
prior employment histories are incomplete. However, we had no reason
to helieve tnat there would be on a priori selection bias faor or

against lung cancer risk, based on completeness of giving prior waork




TALC-NIOSH DRAFT COMMENTS 6/20/84, 7/3/84, 8-2-B4

histary on the job applicatian.
validity of Cohort Comparison

The comparison of the mortality experiences of the Vermont talc
WOrkers cohort and the experienced GTC workers cohort is among the
- most valid between study comparisons in epidemiologic analysis., The
entry criteria are similar (at least one year employment in either
Vermant talc plants or GTC); the periods of employment are similar
(1940-69 vs 1947-1977); the periods of observations are similar
(1940-79 vs 1947-78); the cause of death classifications were the
same; the job classifications were sfﬁilar; and; additionally, the
exposures were quite similar, save the hypofhesized presence af
asbestos in the GTC talcs. It is preciéely because the two groups
differ by little other than the hypothesized exposure that the
comparison is appropriate. The analysis found no difference in lung
cancer risk between the two groups, indicating that there is no
apparent increased lung cancer risk associated with the additional--

hypothesized exposure.

Morbidity Study

A copy of the CECQH report was sent by CECH to Dr, Gamble in August

1983. CEDH has received nocritical response fromhim,

Study Power and Strenagth

Brown acknowledges that the findings of the CEOH analysis appear
to support the hypothesis that the talc is non-carcinogenic. He

claims, however, that the analyses "are inherently deficient inbeing
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able to detect a true risk in an exposed populaticn” because they are

"based on assuymptions, small numbers, and short latency. This is not

so. The analytic assumptions used have been laid out, are reasonable,
and can be justified when specified. The numbersmay be small, but are
larger than other studies upon which etiologic conclusions have been
based. The number of workers reported by TOMA and CEQH are almost
double that reported by NIOSH. The latencies shown in the study are
the data available, which can serve fdr interpretazion within those
limits. Even within these limits, one can note that the NIOSH
hypothesis would prediet rising ?}sk twenty-five years after
eﬁployment began. CEOH has showﬁ that 1its analyéis had sufficisnt
power to detect a risk twenty-five years-after initial exposure that
would equal or exceed the risk twenty to twenty-four years after
initial exposure. Yet, the data demonstrated the risk at twenty-five
plus years latency to be statistically significantly less than that

of twenty to twenty-four years latency.

The critical term that NIOSH might have underlined is exposed
population. Brown et al have performed no analysis to assess a
relationship between lung éancer risk and GTC talc dust exposure,
NIOSH has only begun to analyze a relationship between lung cancer
risk and GTC employment. We would propose that the data may
demonstrate only a selection bias on the part of GTC management for
workers who were used to heavy industrial and mining work, jobs that
later came to be understood as having a certain risk of lung cancer.

NIOSH might, for instance, restrict its analysis to those employess
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who remained at least a year and can be reascnably assumed to have had

GTC talc dust exposure.

Collateral Evidence

l.Brown concludes that collateral evidence must be considered in
determining the carcinogenic strengfh (or its absence) of GIC talc
‘dust. He proposes that the critical evidence 1s that prior studies
indicate an increased lung cancer risk among other miners exposed to
similar minerals. He does not bring forth ascollateral evidence that
the studies of other NYS talc miners hired after 1945 (like GTC miners)
found no increased lung cancer risk, né; that animgi toxicity studies
that demonstrate the carcinogenicityvof "similar™ minerals do not
demonsirate carcinogenicity for GTC talc. Finally, the concept that
the elongated particulates in GTC talc {(non-asbestiform tremolite and
non-asbestiform anthophyllite) are “similar" to the asbestiform
varieties of these same minerals has long been challenged by miners

scientists both in the company and without, in the government znd

without, [Strength does not lie in NIOSH's overly broad definiticns

ofmiheralfibers.i

The same care that must be given to diagnostic labels for
individual medical cases must also be given to mineralogical labels

for the individual crystals.

The differences in mineralogical structure may be critically
{mportant. V¥Whatever the mineralogic similarities or differencss
between the crystals found within the talcs at thisplant andcrystzls

found elsewhere in the world, we find no evidence in the GTC worxsrs

10
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mortality study of a carcinogenic risk attributable to exposure ta the

minerals found in the talc at the GTC plant.

~e
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ABSTRACT

The National Institute for Occupational Safety and Health
(NIOSH) conducted studies of mortality and morbidity patterns
and occupational exposures among talc miners and millers in
upper New York. The mortality study was based on 398 white male
workers who began employment between January 1, 1947 and
December 31, 1959, and whose vital status was determined as of
Jdune 30, 1975. Observed cause specific mortality for the cohort
as compared with that expected based on U.S. white male
mortality rates indicated a significant increase in mortality
due to bronchogenic cancer, nonmalignant respiratory disease
(excluding influenza and pneumonia) and respiratory
tuberculosis. The average latency period for bronchogenic
cancer was 20 years.

In the morbidity study current workers {156 male miners and
millers) from the same New York talc company were examined. (ne
hundred twenty-one (121) workers were administered the MRC
respiratory questionnaire (including smoking and work
histories), lung function tests (FEV], FVC, expired flow

rates), and chest X-rays (PA and lateral). The results are
similar for all 121 workers, and for a subset of 93 workers
having talc exposure only at the facility under study. Lung
function is expressed as percent predicted, with 9,347 coal
miners and 1,095 potash miners matched on age, height, and
smoking habits providing expected values for the prevalence of
symptoms, X-ray findings, and lung function. Cumulative
exposure is calculated by estimating the mean exposure level in
a current job, times the time spent in that job summated for all
Jjobs.

Findings from the morbidity study included the following: Talc
workers with less than 15 years work have a higher prevalence of
cough and phlegm than coal and potash miners. Talc workers with
more than 15 years work have a higher prevalence of cough,
dyspnea, and irregular opacities than potash miners, but less
phlegm and dyspnea than coal miners. Pleural thickening and
caicification is significantly higher in talc workers than in
coal and potash miners, and pleural thickening is significantly
higher than in chrysotile asbestos workers in Canada. Mean
pultmonary function of the talc workers is reduced compared to
coal and potash workers: Reductions in FEV{ and FVC are
associated with the highly correlated variables of years worked,
particulate, and fiber exposure., Talc workers with pleural
thickening have reduced Tung function compared to those workers
without pleural thickening.
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The industrial hygiene study demonstrated that the major
components of the talcs mined and milled are talc, tremolite,
anthophyllite, and serpentines with traces of dolomite, calcite,
and quartz. These trace metals were found to be present only in
very small quantities. Time-weighted average (TWA) exposures to
asbest iform amphiboles (anthophyllite and tremolite) were found
to be in excess of present U.S. Occupational Safety and Health
(OSHA) and Mine Safety and Health Administration (MSHA)
occupational exposure standards in many mine and mill operations
with more than 90 percent of the total airborne fibers being
tess than 5-ym in length.

Results of the present study are compared with those of other
studies of workers exposed to the same or similar minerals, and
it is concluded that exposures to such talcs are associated with
an increased risk of developing not only pieural thickening and
pleural calcification, but also both bronchogenic cancer and
nonmalignant respiratory disease.

iv
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DEFINITIONS

COUGH YES to the guestion, "Do you cough
1ike this on most days for as much as
three months each year?"

DYSPNEA YES to the question, “"Do you get
short of breath walking with other
people your own age on level
ground?"

FEFpg, FEF5g, FEFyg Forced Expiratory Flow
(1iters/second) at 25 percent, 50
percent and 75 percent of expired FVC.

FEV3 Forced Expiratory Volume in one
second (liters).

FEV percent FEV1/FVC x 100.-

FVC Forced Vital Capacity {liters).

HEMOPTYSIS YES to the gquestion, "Have you ever

coughed up biood?"

PHLEGM YES to the question, "Do you bring up
phiegm like this on most days for as
much as three months each year?"

SMR Observed deaths/Expected deaths x 100.

TWA Eight-hour time weighted average.
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INTRODUCTION

The term "talc" in the mineralogical sense denotes a specific
rockforming mineral of the sheet silicate category; however,
when "talc" is referenced in the industrial or commercial
setting, it may represent a varied mixture of minerals with
physical properties similar to the mineral talc (1). Minerals
commonly found associated with talc include calcite, quartz,
diopside, magnesite, serpentines (chrysotile, antigorite, and
lizardite), and fibrous and nonfibrous amphiboles (tremolite,
anthophyllite, actinolite) (1, 2). The United States produces
about 30 percent of the world's talc with New York, California,
Vermont, Texas, and Montana accounting for three-fourths of the
U.S. production. The work force for both talc mining and
milling has been estimated to be about 1,200 in over sixty-five
facilities (3). :

Largely due to the great variety of minerals commonly associated
with talc, few studies have been undertaken which adequately
characterize the various minerals to which talc workers are
exposed and simultaneously delineate the latent disease
manifestations associated with those work environments.

Recognizing the need for additional research with regard to
health hazards from industrial talc exposure, the National
Institute for Occupational Safety and Health (NIOSH) undertook
an industrywide program to study talc mining and milling in two
geographic areas, New York and Vermont. This program includes
detailed industrial hygiene studies to characterize the various
agents to which workers have been exposed, cross-sectional
medical surveys to evaluate respiratory impairment, and
retrospective cohort studies to evaluate latent disease patterns
among workers who have been exposed to talc in the work
envirenment.,

The present report restricts itself to that part of the
industrywide study concerning an investigation of talcs
containing fibrous amphibole minerals as mined and milled in the
Gouverneur Talc District in upper New York. This talc mining
district located in St. Lawrence County represents a complex
association of amphiboles (anthophyllite, tremolite, etc.),
talc, quartz, and serpentines (2, 4). Previous studies by
Kleinfeld et al. (5, 6) of asbestiform talc miners and millers
in this district have demonstrated significantly increased
proportional mortality due to both malignant and nonmalignant
respiratory diseases. Morbidity studies also have indicated
increased symptoms and X-ray and lung function changes
consistent with pneumoconiosis (7, 8, 9, 10, 11, 12). More
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recently a talc mining company in this district maintained that
these studies were not applicable to all talcs in the Gouverneur
Talc District. The company stated that talcs extracted from its
original mine in the Gouverneur Talc District do not contain
asbestiform minerals and that the talcs have been so certified
(13). One study, however, at the same operations concluded that
asbestiform minerals were contained in the talcs (I1). To
address this contradiction, the present study restricts itself
to that one mine and mill reported by the company to be
producing nonasbestiform talc.



DESCRIPTION OF FACILITIES STUDIED

The company under study began talc mining and milling operations
in the Gouverneur Talc District of upper New York in 1947,

Talcs extracted from this mine are used for a variety of
applications including ceramics, pottery, artware, electrical
insulators, ceramic tile glaze and flux, paint fillers, in
putties, and in spackling compounds.

MINING

In the study mine, underground hard rock mining methods are
employed using jackleg drills to make holes for blasting the ore
in open stopes. The mine consists of one main shaft 1,250 feet
in depth with three main working levels. In 1975, ore was being
mined from approximately 6 of the 26 active stopes. Mining
follows a typical cycle including: (1) blasting, which is done
with gelatin dynamite and ammonium nitrate; {(2) dissipation of
dusts and gases; (3) removal of ore with some secondary
blasting; and (4) drilling of blasting holes for the next shift.

Ore (muck) from the stoping areas is loaded into 2-ton rail cars
using either gravity drawpoint or scraper (slusher) loading.

Ore from these cars is discharged into a central jaw crusher
located at the 700-ft. level although some crushing is also done
on the 1,110-ft. level. The crushed ore is loaded into a skip
and carried to the mine headframe where a gyratory crusher
reduces the ore to approximately 3/4-in. screen size. The ore
is then transported by conveyor belt to one of the four wet ore
storage bins in the mill. Approximately 40,000 cubic feet per
minute (cfm) of mining ventilation is provided. The ore may be
inherently moist, and wet drilling is employed. Water sprays
are also used for dust suppression at the 700-ft. level

crusher. According to company personnel, wet drilling has been
practiced since the beginning of these operations.

MILLING

Mill operations include cone crushing first, followed by
moisture removal in rotary dryers. The dry ore is further
reduced in particle size using a gyratory disc crusher followed
by vibratory screening and transportation to one of six dry ore
silos. Finely ground products are made from these ores, using
either Hardinge pebble mills in closed circuit with Raymond
separators or impact crushers in ¢losed circuit with fluid
energy mills. The finely ground products are stored in one of
several concrete silos and are withdrawn by air slides and
pumped to the packaging and shipping areas. Talcs are either
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sold in bulk or packaged in 50-ib. valve-type Kraft paper bags.
Bag filling is done using pneumatic packing machines,

In the mill, most material transfer points are provided with
Tocal exhaust ventilation, and bucket elevators and conveyors
are maintained under negative pressure. At the bagging
machines, local exhaust ventilation is provided at the filling
spout and downdraft ventilation at the bag hopper, For buik car
loading, the telescopic loading spout is provided with a local
exhaust ventilation collar.



INDUSTRIAL HYGIENE STUDY
METHQDS

In order to evaluate occupaticnal exposure characteristics and
levels among workers in this mine and mill and to compare them
with those pf previous studies of New York talc operations, a
detailed environmental study was undertaken. This study
included determinations of time-weighted average (TWA) exposures
to respirable dust, free silica, and asbestiform minerals in
addition to detailed mineralogical assays of talcs produced at
the mine and mill under study. Talc product samples were
collected during the study (samples A-F), and additional product
samples from the mine and mill being studied were submitted by
the company {samples 1-7).

Analyses of collected bulk talc samples were performed by both
NIOSH and independent research laboratories. These analyses
inciuded X-ray diffraction, optical petrographic microscopy, and
electron microscopy. For X-ray diffraction studies, step
scanning of diagnostic reflections for the asbestiform minerals
and quartz was used (1). Electron diffraction and microchemical
analyses of individual fibers were performed by electron
microscopy (14, 15). Bulk talc samples were also analyzed for
major oxide composition and trace metal contamination. These
analyses were performed using spectrophotometry, atomic
absorption, and flame photometry (1).

Personal air samples were collected from the breathing zone of
miners and millers to determine TWA exposures to respirable
dust, free silica, and mineral fibers. Personal sampies for
respirable dust and free silica were collected at a flow rate of
1.7 liters per minute (lpm) using 37-mm diameter poiyvinyl
chloride filters (preweighed) preceded by 10-mm nylon cyclone
separators. Samples for fiber analysis were collected on
open-faced 37-mm diameter Millipore Type AA filters (0.8-pm pore
size) at a flow rate of 1.7 1lpm. Respirable dust samples were
collected for the full work shift periods while fiber samples
were changed periodically during the work shift as needed to
prevent overloading of filters.

Free silica concentrations were determined using X-ray
diffraction as specified in the NIQSH Criteria Document (16).
Al1l fiber samples were analyzed using the NIOSH phase contrast
counting technique (17). In addition, a representative number
of the indiviaual fiber samples was randomly chosen and the
samples were analyzed by electron microscopy using selected area
electron diffraction and energy dispersive X-ray analysis for



fiber identification. Electron microscopy was also used to
determine airborne fiber concentrations and size (diameter and
length) distributions (14). Samples for electron microscopic
analysis were prepared using methods previous described (15).

In order to compare results of the present industrial hygiene
study with historic data for the facility studied, midget
impinger samples were also collected for selected jobs in a
manner similar to past sampling techniques. Breathing zone
impinger samples were coilected in ethyl alcchol at a flow rate
of 0.1 cubic feet per minute with sampling periods ranging from
15 to 30 minutes. These samples were counted at the end of each
work shift using Dunn counting cells and bright field optical
microscopy (100x). Two preparations were made for each sample
and allowed to stand for 30 minutes prior to counting. Particle
counts were made by two experienced counters, and new
preparations were made and samples recounted, if counts differed
by more than 10 percent.

RESULTS

Product Samples

- Results of the X-ray diffraction and petrochemical microscopic
~-analyses of bulk talc product samples collected during the study
- are shown in Table 1. Talc product samples were found to
-contain 14 to 48 percent mineral talc, 37 to 59 percent

tremolite and 4.5 to 15 percent anthophylliite. All samples were
found to contain 10-15 percent serpentines (lizardite and

antigorite) and less than 2.6 percent free silica. Calcite and

dolomite were alsao present in trace quantities. Trace metal

~analyses of talc product samples are shown in Table 2 and major

components analyses are shown in Table 3. All trace metals
except iron and manganese were essentially absent. Iron and
manganese levels were also very low (<0.02 percent). As seen in
Table 3, all talcs were found to have a high Ca0 content which
correlates with the observed high tremolite content. Except for
traces of calcite, other carbonates were absent or negligible in
these taics as demonstrated by low CO» values (18). The Fe

and Mn anaiyses in Table 3 are consistent with the results shown
in Table 2, and all major element analyses are in basic
agreement with results obtained by Ross et al. {(19) and by
Dreessen (20) for talcs in the Gouverneur, New York area. Ross
et al. (19) also suggested that an additional manganese-rich
amphiboie, tirodite, may be found in trace quantities in these
deposits. MWhile the major element analyses shown in Tables 1,
2, and 3 show 0.12 to 0.22 percent MnO, no manganese-rich
amphiboles were detected by the electron microscopy analyses



using selected area electron diffraction and microchemical
analysis. Typical electron micrographs of fibers observed in
the bulk samples are shown in Figures 1 and 2. Examples of
typical electron diffraction patterns and X-ray spectra for the
tremolite and anthophyllite fibers observed in these products
are also shown in these figures. These analyses have shown that
most of the long, thin fibers in these taics are low iron
anthophyllite while tremolite fibers tend to be shorter and have
smaller aspect ratios (length/width}.

Air Samples

Tabular summaries of TWA exposures by job category for the mine
and mili under study are given in Tables 4 and 5, respectively,
and more detailed summary statistics concerning these data are
given in Appendix I. As shown in Tables 4 and 5, free silica
exposures were found to be very low. The highest TWA free
silica exposure observed was 0.040-mg/m3, which is below the
8-hour TWA exposure value of 0.05-mg/m3 recommended by NIOSH
for this material (16). Respirable dust exposures ranged from
0.25 to 2.96-mg/m3. No respirable dust standard has been
determined for the mineral talc or talc containing fibrous
tremalite or anthophyllite; however, these concentrations are
well below the- OSHA Timits for nuisance dusts (21).

TWA breathing zone impinger concentrations ranged from 0.5 to
15.8 million particles per cubic foot of air {mppcf) with
highest concentrations being observed in the mine. The present
OSHA and MSHA standard for “"talc" containing less than 1 percent
free silica and no asbestos fibers is 20 mppcf (21). Only one
of the 32 impinger samples exceeded 20 mppcf. However, Since
this talc contains asbestiform material this standard is not
relevant to these exposures.

TWA exposures to asbestos fibers greater than 5-um in length
exceeded 5 fibers per cc for three of six job categories sampled
in the mine and for 6 of 18 job categories sampled in the mill.
In addition, 17 of the 24 job categories sampled had TWA
exposures exceeding the current OSHA standard of 2.0 fibers less
than 5-ym in length/cc. Exposures in excess of the MSHA and
OSHA allowable ceiling vaiue of 10 fibers less than 5-pm in
length/cc were observed in 9 of 24 job categories sampled.

A summary of TWA airborne fiber concentrations as determined by
analytical electron microscopy is given in Table 6. In the
mine, concentrations of positively identifjed fibrous amphiboles
(a11 lengths) ranged from 9.5 to 17.5 fibers/cc whereas
concentrations in the mill were somewhat higher ranging from 9.9



to 70.6 fibers/cc. These concentrations represent minimum
estimates of true amphibole fiber exposures since many true
amphibole fibers may not give identifiable electron diffraction
patterns. The concentrations found using electron microscopy
are far in excess of those obtained by the optical microscopy as
fibers less than 5-um in length are included in the electron
microscopy results, but not in those from optical microscopy.

A summary of airborne fiber types as determined by electron
microscopy is shawn in Table 7. In the mine, 38 percent of all
airborne fibers were anthophyllite, 19 percent were tremolite,
and 39 perceni were unidentified. In the mill, 45 percent of
all fibers were anthophyllite, 12 percent were tremolite, and 38
percent were unidentified. Three percent of the fibers in the
mine and 2 percent in the mill gave chrysotile electron
diffraction patterns. Approximately 65 percent of the airborne
fibers longer than 5-um in length were identified as
anthophyllite while only 7 percent were tremolite. The presence
of chrysotile in the air samples is consistent with the results
of the NIOSH bulk sample analyses where trace quantities of
chrysotile were noted in some sampies. All of the chrysotile
fibers observed in the air samples were less than l-um in
length. MNearly all of the serpentine minerals identified in the
bulk samples are lizardite. -

Results of airborne fiber size determinations (diameter and
iength) for tremolite and anthophyllite fibers are shown in
Tables 8 and 9 with appropriate summary statistics. As
. expected, tremolite fibers tended to be larger in diameter and
“shorter in length than anthophyllite fibers. The size
distributions for these minerals were simitar for the mine and
- mill. Median fiber diameters of 0.19 and 0.13-um were observed
for tremolite and anthophyllite, respectively. In the mine,
median fiber lengths of 1.6-pm for tremolite and 1.5-um for
anthophyllite were observed. Similar lengths were seen in the
mill. In the mine and mill, only 3 percent of the tremolite
fibers were longer than 5-um whereas 8-10 percent of the
anthophyllite fibers were longer than this length. Median
aspect ratios (length to width) of 9.5 and 7.5 were observed for
anthophyllite and tremolite, respectively, as shown in Table
10. Only 30 percent of the tremolite fibers had aspect ratios
greater than 10 to 1 whereas 48 percent of the anthophyllite
fibers had aspect ratios greater than this value. These fiber
size characteristics are similar to those observed in ather
industrial operations processing asbestos fibers (22).

Typical electran photomicrographs of airborne particulates from
the mine and mill are shown in Figures 3, 4, and 5. The



asbestiform nature of these fibers may be further demonstrated
by observations of their fibril structures.

COMPARISON OF PAST AND PRESENT EXPOSURES

The present studies demonstrate elevated exposures to
asbestiform minerals in nearly all mine and mill process
operations. Comparisons between present dust (mppcf) and fiber
(fibers > 5-um in length/cc) exposures and historic exposure
measurements are shown in Tables 11 and 12, respectively. These
data are gathered from a number of sources (11, 23-33).

Trends in dust concentrations as a function of calendar time are
difficult to interpret for several reasons. Of primary
importance is the relative paucity of data on some operations
prior to 1970. Secondiy, very few samples were taken in any
given year, therefore the representative of these samples is
unknown.

To illustrate trends in dust concentrations, average yearly
values for mine and mill operations were calculated and are
shown in Figures 6 and 7, respectively. Figure 6 shows no
consistent trends in dust concentrations when all mine
operations are considered. On the other hand, the mine
exposures for such operations as drilling, dragline loading,
tramming, and mucking show relatively consistent exposure levels
over time with only slight deviations. This might be expected
since wet drilling has been a routine practice. 1In addition,
ores being mined are relatively wet. Primary crushing and hoist
loading operations show a slightly decreasing trend. Controls
such as water sprays for dust suppresion at the primary crusher
are the most probable explanation for this trend.

A greater trend of decreasing dust concentrations in mil]
operaticns is demonstrated in Figure 7 for all mill operations
combined. Figure 7 also shows a more pronounced decreasing
trend in exposure when the uncontrolled operation of loading
bagged talc into box cars is excluded form the calculated yearly
averages. Engineering controls for talc milling operations have
improved with time.

As shown in Table 12, fiber exposure measurements have only been
made since 1970. Results of the 1975 NIOSH survey tend to show
a recent reduction in fiber exposure when contrasted with
earlier data for most operations.

Radon daughter measurements have been made in the mine under
study by the Mining Enforcement and Safety Administration
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{¥ISA). Measurements taken in 1973 and 1976 showed only nil to
trace levels (34, 35).

COPARISON OF EXPOSURE CHARACTERISTICS WITH OTHER TALC MINES AND
M{LLS IN THE GOUVERNEUR, N.Y. AREA

Throughout the years, a number of different companies have
operated talc mining and milling operations in the Gouverneur
Tale District. In addition, past health effecis studies of
workers in these mills have generally considered exposure
characteristics between the various operations in this area to
be substantially the same. The company under study, however,
maintains that ores from various mines in the area are not the
same, with some containing asbestos while others do not. The
company further maintains that ores from another nearby
operation do contain anthophyliite asbestos while ores from the
mine and mill which is the subject of the present study do not
contain asbestos fibers.

In order to compare airborne exposure characteristics between
these two operations, 10 airborne dust samples collected by MESA
in the mine and mill acknowledged as containing asbestos were
obtained., These samples were analyzed for airborne fiber
characteristics using analytical electron microscopy {analytical
methods previously described). Results of these studies and
comparisons with data from the mine and mili studied by NIOSH
and maintained, to be asbestos free by the company, are shown in
Table 13.

The data shown in Table 13 demonstrate that exposure

. characteristics between the two operations are substantially the

same. In fact, the airborne dust samples from the mine and mill
studied by NIOSH and maintained by the company to be asbestos
free were found to contain a higher proportion of positively
identified asbestiform amphiboles Targely due to a higher
tremoiite content., A1l cother fiber characteristics, such a
median length, diameter, aspect ratio, and proportion < 5-pym in
length, were not statistically different at the 0.05 level (36).
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REVIEW OF HEALTH EFFECTS FROM EXPOSURE TO TALCS
CONTAINING ASBESTIFORM AND ASSOCIATED MINERALS

What are the known health effects of talc? Inhalation by
children of large doses of talc have resulted in an inflammatory

pulmonary response leading to death in some cases (37, 38)}. The
acute symptoms are initial slight respiratory distress
increasing after four to six hours and accompanied by cough,
tachycardia, and cyanosis. Autopsy revealed bronchitis and
acute bronchiolitis with pulmonary edema, focal atelectasis, and
emphysema. Alivisator reported the rapid development of
talcosis in eight workers between 16 and 60 months after first
exposure in an industrial setting (39). The rapid development
and progression was attributed to the high concentration of talc
particles less than 50-um in size as well as the high silicate
content. Most of these anecdotal reports have included little
characterization of the taics invoived.

RESPIRATORY MORBIDITY STUDIES

Three patterns of infiltration on chest X-ray among those
exposed to talc have been described: (1) nodular —- discrete
opacities 3-5 mm, similar to silicosis and favoring the mid-lung
fields; (2) diffuse — interstitial fibrosis similar to
asbestosis and favoring the lower Tung zone; (3) mixed —- both
types present (40}. This varied type of X-ray pattern has been
attributed to the heterogenicity of talc (40). Although changes
suggestive of silicosis were observed in some instances, in
general X-;ay changes were similar to those seen in asbestosis
(9, 10, 41).

More than four decades have elapsed since the first
epidemiological data were published demonstrating adverse health
effects of tremolite talc exposure. In 1933, Dreessen (20)
published the results of a chest X-ray study of 57 workers
engaged in the mining and milling of talcs containing up to 45
percent tremolite and little free silica. This study showed
that all workers with greater than 10 years exposure had
increased lung markings ranging from increased fibrosis to what
was termed "second stage" pneumoconiosis. Among these 17
workers, no cases of active tuberculosis were observed.
Dreessen stated that the observed pneumoconiosis had not Jed to
disability,

The respiratory effects of exposure to talc containing 10

percent "bladed" tremolite in two Georgia talic mines and mills
were reported by Dreessen and Dalla Valle in 1935 (42). A total
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of 66 workers were given physical examinations and chest X-rays
of which 19 were exposed for more than 10 years with only 2
having 20 or more years of exposure. Twenty-two of these
workers demonstrated pneumoconiosis with varying severity.
Approximately half of the mill workers exposed to an average
dust concentration of 300 mppcf were diagnosed as having
pneumoconiosis with eight having frank symptoms such as dyspnea,
cough, chest pain, rales, and finger clubbing. Examination of
nine former talc workers who had been separated from exposure
more than 3 years demonstrated pneumoconiosis in all cases with
four cases in advanced stages causing these authors to conclude
that the lung changes were permanent.

Many of the health effects studies on individuals exposed to
talc have been done in New York in the same areas as this study
(Table 14). The exposures were qgenerally quite high. These
studies indicate that exposed talc workers report increased
subjective complaints of dyspnea and cough. Physical findings
include diminished breath sounds, rales, rhonchi, wheezing,
crepitations, and clubbing. Pulmonary function measures suggest
a restrictive disease with reduced transfer capacity (DIgg).

In addition to these findings, radiographic changes in the chest
have also been noted, although the findings have not been
reported in ILO/UC nomenclature. These include fibrosis and
pneumoconiosis, primarily reported as pulmonary infiltrates of
grade 0, 1, 2, and 3. The grading of pulmonary infiltrates
involves a reticulated appearance in the lower lung fields
(grade 1), reticulonodular infiltration involving approximately
50 percent of the total lung area (grade 2), and a more diffuse
reticulonodular infiltration involving more than 50 percent of
the total lung (grade 3) (10).

Case studies of New York tremolite talc workers were first
reported by Porro et al. (43). Fifteen pneumoconiosis deaths in
talc workers were studied in addition to five autopsy studies.
Thirteen of these deaths were considered to be directly
attributable to the pneumoconiosis thus confiming the disabling
character of this exposure. These authors concluded that the
disabling tissue changes were due to tremolite talc exposure.
Some classifications were noted.

Siegal et al. (44, 45) reported a study of roentgenological
findings among New York talc workers in addition to an
assessment of their exposures. These talcs were described as
containing fibrous tremolite and anthophyllite and less than 1
percent free Si02. A total of 221 talic workers in three mines
and five mills were given chest X-ray examinations. O0Of the 221
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men examined, 32 showed marked fibrosis. Those workers with 10
or more years employment demonstrated an incidence of fibrosis
of 29.9 percent whereas those employed for more than 30 years
had a fibrosis incidence of 74 percent. This fibrosis was

. described as disabling and often accompanied by dyspnea, cough,
and fatigue. "Talc plagues™ were identified in 6.3 percent of
the workers examined. These authors described the fibrosis
observed as resembling that seen among asbestos workers,

The 32 cases of pneumoconiosis identified by Siegal et al. (44,
45) were followed prospectively by Kleinfeld et al. (46}. 1In
the 14 year period after the Siegal study, 19 of the 32 workers
died with the ages of death ranging from 48 to 84 years. Four
of these 19 deaths were believed to be directly attributable to
talc pneumoconiosis. One death due to pleural mesothelioma was
reported. Medical examinations of the 13 living workers were
performed including a physical examination, chest X-ray, EMG,
and peripheral blood studies {Hgbh, RBC, WBC, diffferential
count). Dyspnea of such severity as to limit ordinary physical
activity was found in all workers. Moderate to severe
progression of lung X-ray findings were seen in 10 of these
workers and "talc plaques" were seen in all but one worker. Six
out of 11 demonstrated an abnormal electrocardiogram.
Peripheral blood findings were not considered to be of
significance. These authers also reported the presence of
"asbestos bodies” histologically. Similar findings were
reported in a latter study of six pneumoconiosis cases with
autopsy studies (41).

A comparative clinical and environmental study of workers
exposed to fibrous and nonfibrous talcs in New York was reported
by Messite et al., (7). Three talc operations in St. Lawrence
County (fibrous ore formations) and one operation in Lewis
County (nonfibrous ore formations) were selected for study and a
total of 229 workers were given physical examinations and chest
X-rays. Among miners, the incidence of pulmonary fibrosis was
low for both the St. Lawrence and lLewis County cohorts; however,
the mean duration of exposure was only 12.7 and 10.3 years,
respectively. Among millers, the incidence of fibrosis was 12.2
percent and 4.3 percent, respectively, for the St. Lawrence and
Lewis cohorts. Exposure leveis in the plant were described as
being similar with all talcs having a low free silica content.
These authors concluded that both types of talc were capable of
producing pulmonary fibrosis although the tremolite (fibrosis)
variety was more pathogenic. In addition, these investigators
stated that no cases of fibrosis were found in millers of either
talc variety whose average exposure was less than 20 mppcf or
whose duration of exposure was less than 10 years.
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In a follow-up study, Kleinfeld et al. {8) made additiona)
comparisons, including lung function, between the St. Lawrence
and Lewis County, New York, cohorts described above. Thirty
workers exposed to fibrous talcs and 13 exposed to nonfibrous
talcs were given chest X-ray and puimonary function tests.
Dyspnea was present in 16 of 30 workers in the fibrous talc
exposed group and in 6 of 13 in the nonfibrous talc exposed
group. Abnormal auscultatory findings {rales, rhonchi,
wheezing) were found in 8 of the 30 workers and 6 of the 13
workers exposed to fibrous and nonfibrous talc, respectively.
The incidence of pulmonary infiltration as seen in chest films
was 13 of 30 for the fibrous group and 3 of 13 for the
nonfibrous group. Both groups showed pulmonary function changes
with 4 of 13 workers in the group exposed to nonfibrous talc and
14 of 30 workers in the group exposed to fibrous talc showing
significantly reduced vital capacity. Exposures to both groups
were reported to be considerably in excess of 20 mppcf.

Kleinfeld et al, (12) studied the lung function of 16 tremolite
talc workers who ranged from 39 to 69 years of age (mean age
54.8 years). A1l had been exposed to talc dust in milling
operations for 10 or more years and had no previous occupational
dust exposures. Clinical examinations of the 16 workers showed
14 had dyspnea on exertion; 10 rales or wheezing; and 6 clubbing
of the fingers. Increased pulmonary infiltration was noted in 5
of the 16 workers. The lung function studies showed 7 of the 16
to have reduced vital capacities and one worker was found to
have a lung function consistent with restrictive lung disease.
The mean duration of exposure for the 16 workers was 20.4 years
and the mean weighted average exposure was reported to be 68.9
mppcf. Thirteen of the 16 workers studied gave a positive
smoking history (30 cigarettes per day for a minimum of 5 years).

In a subsequent study, Kleinfeld (10) performed similar studies
as those described above among a group of 43 tremolite talc
workers and 41 unexposed controls of similar age and smoking
history. In the talc cohort, 29 had dyspnea versus only 2 in
the control population., Eleven talc workers gave a history of
chronic cough and 8 talc workers showed finger clubbing whereas
no clubbing or cough was noted among controls. Sixteen of 43
talc workers had positive X-ray findings of pulmonary
infiltration versus none in controls, and reduced vital capacity
was also found in 13 talc workers and one control. These talc
workers were reported to have a mean exposure duration of 19
years and weighted average exposure of 62.3 mppcf.

A study of chest X-ray findings and clinical symptoms among
miners and millers at the talc mine and mill under study was
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reported by Kleinfeld et al. (11). Thirty-nine workers with a
mean exposure of 16.2 years (range 11-22 years) were examined in
addition to 41 controls who lived in the same geographic area
and who were of the same sex and mean age but had no
occupational dust exposure. Dyspnea was present in 23.1 percent
of the talc workers versus 7.3 percent of the controls, a
finding similar to that seen in anthophyllite asbestos workers
{47). One worker studied was said to have radiologic findings
compatible with pneumoconiosis, whereas no cases were found
among controls. The authors suggested that talc containing
tremolite and anthophyllite may be less fibrogenic than
chrysotile and amosite asbestos at similar exposure levels and
exposure duration; however, these authors did not preclude the
possible existence of pneumoconiosis among these workers since
no Tung function studies were conducted.

The importance of sublight microscopic asbestos fibers in
asbestosis has recently been reported (48, 49, 50} and brings
into question the concept that only fibers greater than 5
microns in length are pathogenic in talcosis (51). 1In a patient
with talc pneumoconiosis, Miller et al., (48) were unable to
detect talc by histological techniques using light microscopy.
The presence of talc was established by X-ray diffraction and
electron microscopy. Most particles were less than 0.5 micron
in length, and therefore, below the limit of resolution of the
light microscope. The question of the site of early changes in
the human lung after exposure to talc has not been very well
investigated. Seeler et al. (52), claimed that the earliest
change involving the lung parenchyma in two cases of talc
pneumoconiosis was a fibrous thickening of the alveolar walls.
Kleinfeld et al. (41), noted deposition of ferruginous bodies in
the respiratory bronchioles.

The earlier studies of talc workers in the New York area
variably reported the presence of pleural plagues and pleural
densities (41, 44, 45, 46). The pleura of men exposed to talc
are often found on autopsy to have dense fibrosis thickening
(41, 48, 52, 53). Pericardial calcification has also been
observed (54). Pleural thickening is associated with symptoms
and a decreased pulmonary function; pleural plaques are not
(55). Pleural thickening may also have a poorer prognosis
(56). Pleural thickening and calcifications are a very common
radiographic finding in asbestosis and individuals exposed to
asbestos, and may be more common than fibrosis (56, 57, 58, 59,
60, 61). The prevalence of pleural changes is higher where
there is exposure to anthophyllite (55, 62). Not all pleural
%ha?ges, however, are necessarily related to asbestos exposure
63).
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MORTALITY STUDIES

Although a number of the studies described above have
demonstrated the presence of pneumoconiosis among tremolite talc
miners in New York, these study designs were insensitive to
detection of carcinogenic risks. However, two retrospective
proportional mortality studies have demonstrated an increased
risk of mortality due to cancer of the lung and pleura among
these workers (5, 6). An initial study by Kieinfeld et al. (6)
included 220 talc miners and millers employed in 1940 who had 15
or more years exposure between 1940 and 1965. Among this cohort
there were 91 deaths of which 10 (11 percent) were due to
malignancies of the lung or pleura, whereas only 2.9 (3.2
percent) were expected., In addition, 28 deaths were due to
pneumoconiosis or its complications. One of the respiratory
cancers was a fibrosarcoma of the pleura.

In a subsequent follow-up study, Kleinfeld et al. (5) extended
the period of observation of the previously studied cohort from
1965 to 1969. This updated cohort consisted of 260 workers
among which there were 108 deaths. Thirteen of these deaths (12
percent) were due to respiratory cancer, whereas only 4 (3.7
percent) were expected., Twenty-nine deaths were due to
pneumoconiosis or its complications. These authors analyzed
mortality patterns by 5 year intervals between 1940 and 1969 and
concluded that the respiratory cancer risk approached expected
values after the period 1960-1964. The validity of this
conclusion must be questioned since an analysis of mortality in
relation to cancer latency was not undertaken. Indeed, during
the additional 9 years of observation, 17 deaths were observed

. of which 2 (12 percent) were respiratory cancers, observations

similar to previous findings. In addition, the limitations of
proportional mortality studies in the presence of an elevated
pneumoconiosis risk are now well known.

An excess cancer risk has been demonstrated among workers
exposed to anthophyliite asbestos (47, 64, 65). Nurminen (65)
reported on-the mortality experience of anthophyliite asbestos
workers in Finland. This study included 1,030 workers who had
been employed for 3 months or more from 1936 to 1966 and
followed until 1968. Expected cause specific deaths were
calculated using Finland national rates for 1951-1964. There
were 224 deaths in this cohort whereas 204 were expected. The
mean age at death for the cohort was 53.4 years. Twenty-five
deaths {12 percent) had asbestosis as an underlying cause, and
there was also a highly significant excess risk of respiratory
cancer (13 obs. versus 6 exp.; p<0.01). No mesotheliomas were
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detected. The mean latency between first exposure and death due
to asbestosis was 19 years.

One of the most comprehensive studies of mortality and morbidity
- among anthophyllite asbestos workers was reported by Meurman et
al. (47) and Kaviluto et al. (64). A cchort of 1,092 workers
who had worked at least 3 months between January 1936 and June
1967 was obtained from two mining operations; one of which
produced mainly tremolite talc. For calculation of expected age
and cause specific deaths, proportional rates for Finland were
used for 1958 which was the median year of death for these
workers. In addition, a control group matched for date of birth
and sex was chosen from a local population registry. Of the
1,092 employees, 248 deaths were observed. Thirteen deaths due
to asbestosis were observed for the cohort and none in the
controls. Twenty-one lung cancers were observed in the worker
cohort versus 13 in the control group. The most significant
cancer risk was observed in those with 10 or more years of
exposure. These authors adjusted lung cancer rates for smoking
habits and concluded that a nonsmoking asbestos worker has a
relative risk of 1.4 whereas the smoking asbestos worker had a
relative risk of 17.0. No cases of mesothelioma were reported.

A1l of the above studies of workers exposed to talc containing
fibrous tremolite, fibrous anthophyllite or anthophyllite
asbestos have demonstrated an excess risk of both pneumoconiosis
and respiratory cancer. Little evidence of an excessive risk of
mesothelioma among such exposed workers has yet been
demonstrated; however, an excessive incidence of pleural changes
including pleural thickening and calcifications has been
observed in chest films.
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CROSS-SECTIONAL MORBIDITY STUDY

A cross-sectionail morbidity study was initiated to examine all
presently employed workers in this talc mine and miil. The
study was designed to answer the following questions regarding
chroni¢ effects of exposure:

1) 1Is there an increased prevalence of abnormal health effects
(e.g., symptoms, decreased pulmonary function) in workers
expesed to talc when compared to other industrial
populations? ’

2) If there are detrimental effects of exposure, what are the
dose-response relations?

DESCRIPTION OF WORK FORCE

The present work ‘orce consists of approximately 156 male
millers and miners, 35 of whom had worked at other talc mines,
One hundred and twenty-one (78 percent) participated in the
study. The average for years of talc exposure is 10.2 years for
the study population, and 10.5 years for the nonparticipants.

The participation rate among the different work areas is similar.

MATERTALS AND METHODS

A modified Medical Research Council respiratory guestionnaire
containing questions on total work and smoking history was
administered by trained interviewers. Standard PA and lateral
chest X-rays were taken and read by three readers using ILO/UC
scheme. Flow volume curves from a minimum of five forced
respiratory maneuvers were obtained and recorded on magnetic
tape using an Ohio 800 rolling seal spirometer. The maximum
values from the curves were used for analysis.

Lung function, the prevalence of symptoms and radiographic
findings in this popuiation were compared with those from 9,347
coal miners from the second round of the National Coal Study,
and 1,095 potash miners examined by NIOSH in the Study of the
Effects of Diesel Exhaust in Non-Coal Miners. Individuals in
each control population were grouped into similar age (10 year
intervals), height (10 cm intervals), smoking (nonsmoker,
ex-smoker, and smoker), and years in mining (<15 years, <15
years) categories. The expected prevalence of symptoms and
radiographic findings in coal and potash workers were calculated
by using the rates in each category of the comparison
populations and multiplying them by the number of individuals in
the same categories of the talc population. Predictive
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equations reflecting the effects of age and height were
calculated for each smoking/years worked category of coal and
potash miners. Each talc worker's lung function was then
compared to predicted values obtained from the appropriate
category in the comparison population. Al1l comparison of talc
worker's lung function with expected lung function was summated
and multiplied by 100 to give the mean percent predicted lung
function. For FEV] percent, the difference between observed
and expected +100 was used.

Dose was calculated in three ways: (1) Years of exposure is
simply the number of years worked at the plant under study; ({2)
Cumulative exposure was calculated by multiplying (a) present
exposure in each job as determined by personal sampling
(fibers/cc, mg/m3) times (b) the time spent in that job
(years), and then by summing all the exposure scores. The
results for each individual are expressed as fiber-years/cc for
cumulative fiber exposure and mg-years/m® for respirable
particulate exposures. As past environmental exposures are not
well defined, and in some jobs exposures were greater in the
past than at present (especially in the mill) these estimates of
cumulative exposure are lower than actual exposures; (3) The
relation of average time spent in each job was examined in
workers with and without pleural thickening over the total work
history omitting the most recent 10 years.

RESULTS

The age-smoking distribution of the 93 talc workers whose talc
exposure was only at the mine and mill being studied is shown in
Table 15. Almost half are cigarette smokers with slightly more
ex-smokers than nonsmokers. Almost 2/3 of the nonsmokers are
"less than 30, and over 3/4 of the ex-smokers are 40 years of age
or more. Smokers are more evenly distributed in all age groups,
although the percentage of smokers is highest in the 30-39 year
age group. The distribution is very similar for all 121 workers
(Table 15A}.

Table 16 shows the distribution of years worked in taic, and
cumulative particulate and fiber exposures by age. Except for
the group over 60 years old where there are only two
individuals, there is a consistent and approximately equal
increase in all three exposure parameters with increasing age.
A similar relationship of exposure with age is observed for all
121 workers (Table 16).

Tables 17 and 17A summarize the distribution of symptoms and
radiographic findings by smoking habits. Smokers have a higher
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prevalence of cough, phlegm, hemoptysis and shortness of breath,
with symptoms markedly lower among nonsmokers. The differences
are also statistically significant for cough and phlegm.
Cigarette smoking shows no apparent association with pleural
thickening. There are two cases of calcification and four of
jrregular opacities, but the numbers are too small to analyze
for dose-response relations. :

Tables 18 and 18A summarize the association of age with symptoms
and radiographic findings. Age (and therefore, long-term
exposure) shows no discernible association with symptoms. The
higher prevalence of cough and phlegm in the 30-39 year age
group is probably a reflection of the high proportion of smokers
in the category. Likewise, the slightly higher prevalence of
dyspnea in the 30-39 and 50+ year age group is also probably due
to the relative proportion of smokers and ex-smokers in those
ages. Pleural thickening, on the other hand, is not found in
the age groups less than 40 (mean of 14 years exposure), and is
highest in the 50-59 (mean of 20 years exposure) and greater
than 60 year (mean of 28 years exposure) age groups.

In Tables 19 and 19A the prevalence of symptoms and radiographic
findings are compared with coal and potash workers controlling
for age, height, smoking habits, and years worked. Among the
talc workers employed only at the mine and mill under study for
less than 15 years, the reported symptom prevalences of cough
and phlegm are not significantly higher than those of coal and
potash workers.

In the group of workers with more than 15 years experience,
there is no statistically significant difference in the
prevalence of (a) hemoptysis in talc workers compared to coal
and potash workers; (b) cough in talc workers compared to coal
workers; and (c) phlegm in talc workers compared to potash
workers.

Coal miners with more than 15 years experience have higher
prevalence of phlegm and dyspnea than do talc workers, while
cough and dyspnea is higher in these talc workers than in the
potash workers. These differences are not statistically
different.

The prevalence of radiographic abnormalities is less than two
percent in all groups with less than 15 years worked. The rates
are higher in the greater than 15 year groups, but there are no
significant differences in the prevalence of regular opacities
between the taic and comparison groups. In the talc workers
with no previous talc exposure, pleural calcification is Q
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percent in those with less than 15 years worked and 3.4 percent
in those with more than 15 years worked (one case), while
pleural thickening is 1.6 percent and 31.0 percent

respectively. This compares to a rate for pleural thickening of
0.3 percent to 1.6 percent in coal miners-and 0.5 percent to 4.4
percent in potash miners. There is no pleural calcification in
the potash population, while in coal miners the prevalence is 0
percent for those working less than 15 years and 0.1 percent for
those working more than 15 years. In those with more than 15
years experience, the prevalence of irregular opacities is 3.4
percent, 5.3 percent and 0.7 percent in talc, coal, and potash
workers respectively (Table 19).

Reported symptom rates increase slightly when all 121 talc
workers are considered (Table 19A). In the 82 talc workers with
less than 15 years worked, cough and phlegm are higher than
potash and coal workers. There is little difference in the
prevalence of dyspnea. 1In the 39 talc workers with more than 15
years experience, reported cough is still higher than in potash
workers, but is essentially the same as in coal miners. Phlegm
is about the same in talc and potash workers, however, the 26
percent phlegm reported by these talc workers is significantly
less than the 46 percent prevalence among coal workers. Dyspnea
in these talc workers is 23 percent which is significantly less
than the 39 percent in coal workers and greater than the 13
percent in potashworkers. Among these talc workers, there is
no unusual prevalence of hemoptysis in either category of years
worked. There are no differences in the prevalence of
radiographic abnormalities in the group who have worked less
than 15 years. 1In those with more than 15 years experience,
pleural thickening and pleural calcification are higher in the
talc workers than in coal and potash workers; the increased
prevalence of pleural thickening is highiy statistically
significant. Irregular cpacities among taic workers are higher
than those in ceoal and potash workers, but the increase is
statistically significant only when compared with that in potash
workers. The prevalence of rounded opacities is 3 and 2 percent
in talc and potash workers respectively, but 15 percent in coal
workers.

Table 20 summarizes the relationship between cumuiative exposure
and pulmonary function among both groups of talc workers
employed only at the mine and mill under study. Using predicted
values based on coal and potash workers, mean
percent-of-predicted FEV; and FVC ranged from 92-95 percent,
Predicted FEV percent is near 100, and peak flow is above
predicted compared to coal workers, but this is not true when
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compared to potash workers. Mean flow rates are significantly
reduced compared to both coal and potash workers.

Exposure among these talc workers to particulates and to fibers
shows a significant association with reduced FEV] and FVC.

For example, a talc worker in a job with 2 mg/m3 exposure to
respirable particulate will, on the average, experience about a
1 - 1.4 percentage point reduction/year in observed to predicted
ratio for FEV] and FVC. For an average exposure of 5
fibersfcc, the reduction is about 0.5 - 0.7 percentage points
per year., FEV percent and flow rates are not significantly
related to exposure, although the percentage point reduction is
large for flows at lower lung volumes. The reductions are
larger when the comparison group is potash miners. Similar
reductions occur if age or years of employment are substituted
for fiber or particulate exposure because of their high
correlations. These talc workers empirically "age" faster
(experience a faster reduction in the FEV] and FVC) compared

to coal and potash miners.

Table 21 and 21A compare age, smoking habits, and exposure
history of talc workers with and without pleural thickening. As
previously noted, smoking is not related to pleural thickening.
For example, the 50-59 year group with pleural thickening has
the lowest mean pack years, and the 40-49 year old group with
pleural thickening has fewer average pack years than the 40-49
year old group without pleural thickening. Particultate exposure
is slightly lower in the groups with pleural thickening, the
average fiber exposure on a yearly basis is the same in the
groups with and without pleural thickening. In the 50-59 year
age group, those with pleural thickening started working at an
earlier age than those without pleural thickening. In the 40-60
year age group, those with pleural thickening have reduced lung
function.

Past environmental exposures in each job are not necessarily
reflected by present exposure estimates. Exposure information
is not available for all jobs and past environmental data were
largely collected using impingers rather than filters. For
these reasons time worked in different jobs by workers with and
without pleural thickening were compared. These data on the 93
talc workers employed only at the mine and mill in this study
are summarized in Table 22. There are 9 individuals with
pleural thickening and 20 without pleural thickening among those
with greater than 15 years employment. Among those with pleural
thickening, about 71 percent of their years worked were spent in
seven particular jobs, compared to about 17 percent of these
same jobs for those without pleural thickening.
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To assess the significance of pleural thickening on the healt
of the individual, symptoms and pulmonary function of all those
with pleural thickening in this study are summarized in Table 23.

Controlling for years employment, those with p]egral ?hickening
are slightly older than those without pleural thickening. Those
with Grade 2 pleural thickening have significantly elevated
rates of cough and phlegm, but those with Grade 1 pleural
thickening have rates lower than the comparable age group
without pleural thickening. The prevaience of hemoptysis and
dyspnea increases with increasing grade of pleural thickening,
but the increases are not large. Mean ratios of observed to
predicted FEV] and FVC in Grade 1 pleural thickening is about
10 percentage points below the group without pleural thickening;
there is about a 4 percentage point difference between Grade 1
and Grade 2 pleural thickening. Mean FEV) percent is reduced
only in Grade 2 pleural thickening. Predicted peak flow and
FEFp5 are not related to pleural thickening. Predicted

FEF5g and FEF75 are reduced by about the same proportion as

FEV] and FVC for those with Grade 1 pleural thickening

compared to those with Grade 2.

DISCUSSION

Any cross-sectional epidemiologic study of chronic effects is
beset by the problem of selective survival., This study
population consists only of workers presently employed.
Nonrespondents present a similar problem. For example, if all
35 of the workers who did not participate had had no cough or
phlegm, and had participated, the prevalence of cough would have
been reduced from 32 percent to 24 percent. Similarly, if all
35 had reported cough and phiegm, the rate would have increased
from 32 percent to 49 percent.

Several methodological issues are important in interpreting the
data. Even if there had been 100 percent participation instead
of 78 percent, the size of the population would still be
relatively small to disentangle the effects of age, years
worked, and particujate and fiber exposure. In order to
evaluate the significance of the health findings, and to adjust
for confounding variables of age, height, and smoking habits in
estimating dose-response relations, comparison groups of coal
miners and potash miners were seiected. Although coal mining is
a known health hazard, and potash mines using equipment may also
present a hazard, using these mine workers as comparison
populations can be justified in several ways.
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1)

2)

3)

The measurement of lung function is not a completely
standardized procedure with respect to equipment, training
and proficiency of technicians, number of trials, and
calcutation of the lung measurement. These potential
measurement errors are reduced in this study as these
procedures were virtually the same in the control and study
populations. Comparison with previously published
predictive equations (e.g., Kory, Morris) may be

misleading. For example, the NIOSH measurement of coai
worker Tung function tends to be higher than Kory's
measurement of healthy, nonexposed populations, and is at
least equivalent to Morris's measurements of nonsmoking
exposed populations -- two commonly used prediction
equations. In addition, prediction equations for different
smoking categories are either nonexistent or based on small
numbers, thereby making smoking adjustments impossible or of
questionable validity. Since one of our primary interests
is the effects of exposure to talc on pulmonary function, it
is necessary to adjust for age and smoking habits. This is
because pulmonary function generally decreases more rapidly
in smokers than in ex-smokers and nonsmokers. Comparing
smokers with nonsmokers may produce an apparent association
of exposure with age, which in fact may be a smoking/age
interaction (66). By comparing observed pulmonary function
of smokers {ex-smokers, nonsmokers}, the analysis of
exposure effects is not confounded by the effects of smoking.

Talc, coal and potash workers are from mining populations
and are likely to be similar with respect to many
potentially confounding variables {(e.g., physique,
socio-economic characteristics, education) that could affect
the conclusions, but are not related to the effect of work
exposure. Using these mining comparison groups is therefore
preferable to comparisons with salaried workers in the same
company or even local nonmining populations, for in the
comparisons with salaried or other workers there are
problems of major discrepancies in physique, pay, education,
nutrition and other factors that by themselives could result
in differences in health status.

Comparing effects of talc exposure with effects from
exposure to other substances will not conclusively indicate
the nature of the effects of the talc exposure but it will
provide relative comparisons; for example, if the health of
taic workers is worse than coal miners the differences
indicate the toxicity of talc as compared to coal and
pinpoint specific health hazards associated with talc.
Conversely, effects of talc less toxic than coal do not
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necessarily mean there is no risk associated with talc
exposure, but only that talc workers are "better off" (e.g.,
have fewer symptoms, fewer radiographic abnormalities, etc.)
than coal workers. If talc workers are healthier than coal
miners, they may still be less healthy than if they were not
exposed to talc at.all. Although less studied than coal,
mortality study of pctash miners suggest that exposure to
potash does not increase respiratory disease (67). Thus,
the medical findings in these talc workers are compared with
those in two mining comparison groups —- one that is thought
to have little effects on the respiratory system, and one
that is known to have a detr1menta1 effect on the
respiratory system.

The reported respiratory symptoms in this study group seem high
for any healthy population. Most of those with symptoms are
either smokers or ex-smokers, and many populations in the dusty
trades also report similarily high symptom rates. Specifically,
the prevalence of symptoms (except for dyspnea) when contrasted
with coal workers is higher in talc workers if length of time
worked is less than 15 years, but lower if years worked is
greater than 15 years. When compared to potash workers,
however, talc workers have higher symptom rates in both groups
(except for phlegm and hemoptysis in the greater than 15 years
group).

Table 24 compares the prevalence of respiratory symptoms from
the talc workers in this study with chrysotile asbestos workers
in Canada. Except for the nonsmoking category where asbestos
workers report a higher prevalence of symptoms, the results are
remarkably similar. When compared to synthetic textile workers,
both the asbestos and talc workers generally have a considerably
higher prevalence of phlegm and shortness of breath.
Anthophyllite asbestos workers cannot be compared directly with
talc workers in this study but are included in the table for
completeness.

The greatest difference between the coal and potash miners and
the talc workers is the highly significant increased prevalence
of pleural thickening in the talc workers with greater than 15
years of exposure. In this group, nearly one cut of every three
talc worker has pleural thickening. Since smoking is not
associated with radiographic changes and the same criteria are
used, it is possible to compare the prevalence of irregular
small opacities, pleural thickening and pleural calcification in
chrysotile asbestos workers and the talc workers (Table 25).
Grade 1 pneumoconiosis and pleural calcification show no
striking dissimilarity between the asbestos and talc workers.
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Pleural thickening, on the other hand, is four times higher in
the talc workers than in the asbestos workers.

Pleural thickening is a common finding in workers exposed to
asbestos. It should be regarded as a significant indicator of
exposure and may occur in the presence or absence of fibrosis
(57, 58) (Table 26). Pleural calcification occurs later, as it
probably develops from the uncalcified pleural plaque (57, 60).
In insulation workers it rarely occurred in less than 20 years
-from anset of exposure (68). Calcification, particularly if
bilateral, is very useful in the diagnosis of asbestosis (57,
68), although there are other causes of pleural calcification
(e.qg., pleurisy, injury following hemothorax, inflammatory
conditions that produce pleural effusion and empyema).

Pleural thickening is accompanied by 1 decrease in lung
function, either with or without fibrosis. This was true when
measuring FEV}, FVC, or flow rates as in this and other
studies, and for diffusing capacity, total lung capacity, and
residual volume in other studies (61, 69, 70).

Except for peak filow and FEV percent, mean percent predicted
pulmonary function is significantly reduced in the talc workers
when compared to both coal and potash miners. This reduction is
thought to be the result of occupational exposure, since
adjustments are made for years worked and the known effects of
age, height, and smoking habits on pulmonary function.

Despite the association of reduced FEV}, FVC and flow rates
with fiber and particulate exposure and years worked,
interpretation of these data are difficult. The cumulative
exposure is only an index, not an actual measure of exposure.
There is a suggestion from past environmental measurements that
exposures in certain jobs, particularly in the mill, have
declined over the years. Exposure in the mine appears to be
more constant. Analysis of time spent in different jobs by
those with and without pleural thickening shows that for the
jobs of mine foreman, hoistman, crusher operator, packer, packer
serviceman, quality control technician, and shipping and
inventory coordinator, those with pleural thickening spent more
time in these particular jobs than those without pleural s
thickening. The time spent in these jobs by those with pleural
thickening is 2-5 times greater than the average time spent in
all other jobs, and contributes to a majority of the time spent
in all jobs. There is, however, no way to adequately determine
actual or relative past exposure levels in these jobs,
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RETROSPECTIVE COHORT STUDY OF MORTALITY
METHODS

A retrospective cohort study was initjated to determine whether
workers who have been employed at this mine and mill have
experienced any unusual mortality patterns. This study cohort
was defined as all white (those cohort members where racial
status was unknown were considered white for purpose of the
study, since the majority-of this work force is known to be
white) males initially employed sometime between January 1,
1947, and December 31, 1959. This cutoff date was selected to
allow for a sufficient latent period 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 at risk and duration of employment for the cohort
were accumulated until this date.

Vital status was determined through records maintained by
Federal and State agencies, including the Social Security
Administration, 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 to be deceased, death certificates
were requested and causes of death were interpreted by a
qualified nosologist according to the International
Classification of Diseases (ICD Codes) in effect at the time of
death and then converted to the 7th Revision of the ICD Codes.
A modified Tife table technique was used to obtain person-years
- at risk of dying by five-year calendar time periods, by
five-year age groups, by duration of employment, and by number
of years since initial employment at the talc company.
Comparison was made between the observed number of deaths among
the study cohort and the number expected for this population
using age, calendar time, and cause specific mortality rates of
the U.S. white male population. The vital status of 96 percent
of the cohort was confirmed (Table 27). Those with an unknown
vital status are assumed to be alive as of June 30, 1975 so that
the true risk of mortality associated with exposure to talc is
not overestimated,

RESULTS
A total of 398 workers meeting the study cohort definition

generated 8,733 person-years at risk of dying. Fifty percent of
the workers were employed less than one year, while less than 25
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percent were employed for 10 years or more. Tables 28 and 29
illustrate the distribution of the study population by duration
of employment and by date of initial employment.

Tables 30 and 30A summarize the deaths observed from the study
cohort and those expected based on death rates for the U.S.
white male population. Although the overall observed mortality
is higher than expected, this difference is not statistically
significant (p<0.05). However, several specific causes of death
exhibit increased mortality. The standardized mortality ratio
(SMR) (SMR = observed deaths/expected deaths x 100) is
significantly elevated for the cause of death category, "all
malignant neoplasms", which is partly due to the statistically
significant increase in bronchogenic cancer (9 obs. vs. 3.3
exp.; p<0.05). Other statistically significant increases for
specific causes of death occurred in the categories:
“nonmalignant respiratory disease other than influenza,
pneumonia, bronchitis, and acute upper respiratory infection" (5
obs. vs. 1.3 exp.; p<0.05) and "respiratory T.B." (3.0 obs, vs.
0.49 exp.; p<0.05). One death due to mesothelicma was observed,

Table 31 demonstrates the association between bronchogenic
cancer and the time interval between the initial date of
employment and the date of death (latency). As seen, there is
an increasing risk of bronchogenic cancer with increasing
Tatency, a trend consistent with an occupational etiology. In
addition, the deaths due to bronchogenic cancer have an average
latency of 20 years (Table 32); a period previously observed for
a population occupationally exposed to anthophyllite and other
minerals (47, 64, 65).

Three additional deaths due to bronchogenic cancer are known to
have occurred among study members. However, these deaths
occurred shortly after the cutoff date (6/30/75) for analysis
and therefore were not included as observed deaths. One
individual worked for 17 continuous years at the talc company
under study and died at the age of 50. The latency period was
24 years. Aropther individual who worked for 2 months at the
talc company died at the age of 54. The latency period was 27
years. The third lung cancer death was that of a worker
empioyed for 12 years at the company under study and 12 years
previously at another New York talc company. He died at the age
of 59 and had a latency period of 23 years.

At least three cases of nonmalignant respiratory disease among
study cohort members are known to have been reported to the New
York State Workmen's Compensation Board. These individuals
filed workmen's compensation claims for: (1) pneumcconiosis,
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chronic bronchitis; (2) talcosis, pulmonary emphysema, chronic
bronchitis; and (3) talcosis, pulmonary fibrosis. These
individuals worked at the talc company under study for 18 years,
18 years, and 25 years, respectively.

DISCUSSION

The results of the present study demonstrate an excessive risk
of 273 percent due to lung cancer mortality and 385 percent due
to nonmalignant respiratory disease among a cohort of talc
workers occupationally exposed to both asbestiform tremolite and
anthophyllite, but to 1ittie free silica. However, several
possible confounding factors must be taken into consideration
before ane can attribute this observed mortality pattern to
occupational exposures received at this talc mine and mill.

One such factor that has been shown to be correiated with the
causation of Tung 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 estimated that
in heavy smoking worker population, smoking alone would increase
the expected lung cancer mortality risk by no more than 49
percent (71). Thus, cigarette smoking per se is unlikely to
account for the increased bronchogenic cancer risk of 273
percent observed among these talc miners and millers.

Another factor to be considered is occupational exposure among
cohort members resulting from prior employment. Known prior
employment among those in the study who died from malignant and
nonmalignant respiratory disease are given in Table 32. Several
of these individuals as well as other members of the study
cohort worked at other New York State talc companies located in
the Gouverneur Talc District. Due to this consideration
industrial hygiene analyses were carried out to compare the
make-up of talcs in a neighboring mine acknowledged as having
asbestiform talc. These comparisons are presented in Table 13.

The analysis of amphibole fiber characteristics between these
talc operations showed them to be substantially the same. Thus,
while exposure levels in other talc companies may have been
higher, all operations involved exposures to asbestiform
amphiboles with similar airborne fiber characteristics. Al)
these operations have been shown to have fiber exposures far in
excess of established OSHA asbestos standards. Thus, exposures
to asbestiform tremolite and anthophyliite stand out as the
prime suspected etiologic factors associated with the abserved
increase in bronchogenic cancer and nonmalignant respiratory
disease among this study cochort.
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Of interest is the fact that four of nine deaths due to
bronchogenic cancer in this cohort were workers employed less
than I year in the operations under study and only one of these
cases is known to have previous exposures to talcs containing
asbestiform minerais. Although this cohort is relatively small,
it appears plausible that even brief periods of exposure to
elevated concentrations of asbestiform minerals may be
associated with an increased bronchogenic cancer risk. Such an
observation has previously been reported (72). ‘

One death due to mesothelioma is known to have occurred in the
study population. This individual worked for 16 years in the
talc operation and had 11 years previous employment in
construction work. Without full knowledge of this individual's
exposure as a construction worker, it is difficult to arrive at
any conclusions regarding the etiologic role of talc expcsure
from this mine and mill for this case. Although previous
studies (5, 6, 47, 64, 65) have not shown an associaiion between
exposure to asbestiform anthophyllite or tremolite and
subsequent development of mesothelioma, a study in Turkey by
Baris (73) has demonstrated an increased risk of developing
mesothelioma among residents of a particular community exposed
to asbestiform tremolite, probably from their drinking water.
Therefore, the possible association between exposure to
asbestiform tremolite and the risk of developing mesothelioma
should be further studied by continued follow-up of these talc
workers.
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CONCLUSTONS AND RECOMMENDATIONS

An industrial hygiene study, a cross-sectional morbidity study,
and a retrospective mortality study were conducted among miners
and millers of industrial talcs in upper New York. These talcs
were shown to contain fibrous tremolite and anthophyllite as
major contaminants. In addition, both present and past worker
exposures to these fibers were shown to be far in excess of
occupational exposure standards established by the Occupational
Safety and Health Administration (OSHA) and the Mining
Enforcement and Safety Administration (MESA) (now called Mine
Safety and Health Administration MSHA).

The most striking finding of the morbidity study was an
increased prevalence of pleural thickening in talc workers with
greater than 15 years of exposure, occurring in nearly one out
of every three talc workers. Reduced FEV], FVC, and flow

rates were also observed after adjusting for smoking habits.

The study of mortality among the workers who began employment
between 1947 and 1960 demonstrated an increased number of deaths
due to bronchogenic cancer. The average latency period for
bronchogenic cancer was 20 years. :

A thorough review of the available literature demonstrated that
findings of the present studies are in agreement with those of
other studies of occupational groups exposed to the same or
similar minerals or mineral mixtures. This is especially true
for occupational exposures to anthophyliite asbestos. These
findings make it imperative that workers from the mine and mill
studied, herein, be routinely observed using medical
surveillance criteria established in the OSHA and MSHA asbestos
standard. Furthermore, all provisions of these standards should
be followed during the production and subsequent use of these
taics.
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Table 4

Summary of TWA EXposures
By Job, Mining Operations

Job Title fibers >5Ft§e§: length/cc Resp.Mass. Impinger Pree 5i0,
(Optical Microscopy) mng/m mppcf mg/m3

Crusher Operator 2.8 { 4) -- - -
Trammer 5.6 (25) 0.64 (3) 10.1 (3) 0.020 (3)
Scrapper Man -- 1.29 (3) 11.8 (5) 0.012 (3)
Undergrounéd Laborer - 0.58 (1) - 0.006 (2)
Driller 3.0 ( 5) 0.98 (3} 0.7 (1) 0.014 (2)
Mucker -~ - 15.8 (1) --
Cageman 9.5 ( 5) 0.23 (1) 2,0 (1) --
Repairman - 1.174 (1) - -
Repairman's Helper - 0.86 (1) 3.6 (1) 0.000 (1)
Blacksmith 2.6 ( 3) -- -- --
Maintenance Mechanic 1.7 (12) 0.42 (1) 1.5 (1) 0.000 (1)

() =
category.
samples.

Samples for respirable mass

~=- indicates no samples

38
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Table 5

Summary of TWA Exposures

By Job Title

Job Title fibers >§13§r§n length/cc Resp. Mass Impinger Free si02
{Optical Microscopy) mg/m3 mppcf mg/m3
Mill Foreman 5.3 (9) 0.58 (2) 2.9 (2) 0.013 (2)
General Laborer 5.6 (5) 1.14 (1) 0.5 (1) ©0.014 (1)
Crusher Operator .1 (18) 0.85 (2) 2.6 (4) 0.020 (2)
Hardinge Operator 7.9 (14) 1,09 {(2) 3.4 (2) 0.012 (1)
Wheeler Operator 8.4 (14) 1.56 (2} 3.1 (2} 0.012 (1)
Packer 5.1 (48} 0.59 (9) 3.6 (6) 0.010 (7)
Packer Serviceman 3.6 (11) 0.42 (2) 2.1 (1) 0,007 (2)
Packhouse Foreman 1.5 (5) 0.25 (2} - 0.014 (2)
Fork Lift Operator .0 (15) 0.35 (3) 1.6 (1) 0.000 (1)
Car Linerx 3.4 (4) 0.31 (1) -- 0.000 (1)
Bulk Car Loader 2.0 (3) 0.25 {1) -- 0.016 (1)
Millwright 1.9 (3) 2.37 (2} -— 0.040 (2)
Instrument Repairman 2.8 (6) 0.59 (2) -— 0.000 (1)
Machinist 1.8 (3) 0.40 (1) -- 0.016 (1)
Millwright Helper 4.0 (2) 2.96 (1) - c.000 (1)
Sheet Metal Worker 1.7 (3) 0.50 (1) -- 0.013 (1)
Oiler 4.0 (4) n.72 (1) -- 0.016 (1)
Weldér 1.9 (3) 0.75 (1} --
( } = Number of samples used for calculation of TWA values for each job
category. Samples for respirable mass and free SiO, were full shift
samples.
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_ Table 6

Summary of TWA Amphibole Fiber Expo¢surecs
{All Fiber Lengths) in Mining and Milling
Operations As Determined by Analytical Electron Microscopy

Job Title Asbestos Fiber Conc.
fibers/cc?

Mine
Trammer 17.5 (4)
Driller 9.5 (1)
Cageman 17.5 (1)
Mechanic 6.7 (1)

Mill
Mill Foreman 25.0 {2)
General Laborer 23.6 (2)
Crusher Operator 12,0 (2)
Hardinge Operator 70.6 (2)
Wheeler Operator 22.9 (2)
Packer 36.0 (2}
Packer Serviceman 11.1 (2)
Packhouse Foreman 14.6 (2)
Fork Lift Operator 36.0 (1)
Machinist 24.9 (1)
Welder 9.9 (1)

4

*Concentrations shown are only for those giving
identifiable electron diffraction patterns and
include tremolite and anthophyllite.

( ) Number of samples analyzed by electron microscopy.
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Taﬁle 7

Summary of Airborne Fiber Types Determined By
Analytical Electron Microscopy

Percent of Airborne Fibers (All Lengths)

Operation Positive Amphiboles* Positive Non= Not
- r - - % Chrysotile Asbestos 1Identi-
Tremolite™*  Anthophyllite Fieq***
All Fibers
Mine 19 38 3 1 39
Mill 12 45 2 2 38
Fibers >
5 uym in
Length
- 7 0 5
(Mine & 63 > 2
Mill)

* pAirborne fibers were identified as positive amphiboles by selected
area electron diffraction.

*% amphiboles differentiated by energy dispersive microchemical analysis.

*** Electron diffraction patterns are not suffficient for identification;
. however, many had X-ray spectra identical to tremolite.
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Table 8

Summary of Airborne Fiber Diameters for Positive Amphiboles

95% Conf.
o i d Median Geo. Std. Interval For £ <0.5 ym
peFa ton an Diameter Deviation Median Diameter in Diameter
Fiber Type
Hm Hm
Mine™®
Tremolite (N=83) 0.19 2.3 0.16-0.23 88
Anthophyllite (N=164) 0.13 2.4 0.12-0.15 93
Mill
Tremolite (N=160) 0.19 2.4 0.17-0.22 87
Anthophyllite (N=687) 0.13 2.9 0.12-0.14 90

* Results of all samples combined for distribution analysis.

N = Number of individual fibers identified and sized using electron micro-
scopy.
Table
Summary of Airborne Fiber Lengths for Positive Amphiboles
o 1 and 95% Conf.
P;i; iog Median Geo. Std. Interval For % <0.5 um
© ype Diameter Deviation Median Diameter in Length
Hm Hm
Mine?¥*
Tremolite (N=83) 1.6 1.8 1.4-1.8 97
Anthophyllite (N=164) 1.5 2.6 1.3-1.7 90-92 |
]
Mill* {
Tremolite (N=160) 1.5 1.9 1.4-1,7 97 i
Anthophyllite (N=687) 1.4 2.9 1.3~-1.5 R i

* Results of all samples combined for distribution analysis.

N =
SCoOpy.

Number of individual fibers identified and sized by electron micro-
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Table 10

Aspect Ratios for Positive Amphiboles Determined by Electron Microscopy
{All Fiber Lengths)

Aspect Ratio Tremolite® Anthophyllite*

Measurement Mine Mill Mine Mill

Median Aspect
Ratio 7.5 7.5 9.5 9.5

Aspect Ratio

< 571 23% 24% 17% 15%
< 10/1 70% 70% 52% 52%
< 20/1 96% 96% 85% 88%
< 50/1 >99% 993% 99% >99%

* Data shown are for all fiber lengths.
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Table 13

Comparison of Airborne Fiber Characteristics in
study of Mine and Mill
Operations with New York Talc
: Operations Acknowledged as Containing
Asbestiform Minerals

an
N

. <~
BRI

- ; : . . Asbestiforﬁ Study Mine Statistical
A}rborne Fiber Characteristic Mine and Mill and Mil1l Significance
Proportion Posiﬁive Amphiboles 0.50 0.58 p<0.05

Proportion Anthophyllite 0.47 0.45 NS
Proportion Tremolite 0.03 .13 p< 0.001
Median Fiber Length

Anthophyllite 1.61 um 1.45 um NS
Tremolite * 1.55 um -
Median Fiber Diameter

Anthophyllite. 0.16 um .13 um NS
Tremolite * 0.19 um -—
Median Fiber Aspect Ratio

Anthophyllite 9.9 9.5 NS
Tremolite * 7.5 --
% of Fiber <5 um in length

Anthophyllite 92 90-92 NS
Tremolite * 97 -

* Insufficient number of fibers observed for calculation of size
distribution parameters.

NS - Not significantly different at 0.05 level.
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Table 15

Age-Smoking Composition of Morbidity Study Population Who Had
No Previous Occupational Exposure to Talc

. Age
20-29 30-39 40-49 50-59 60+ Total
Smoking Status n (%) n (%) n (%) n (%) n_ {%) n_ (%)
Nonsmokerxr 12 (41) 2 (11) 3 (11} 2 (12) o ( 0) 19 {(20)
Ex-smoker 3 (10) 3 (37) 13 (48) 8 (47) 1 (50) 28 (30)
Smoker 14 (48) 13 (72) 11 (41) 7 (41) 1 (50) 46 (49)
Total 29 (31) 18 (192) 27 (29) 17 {18) 2 (2) 913

Cells are column percentages:

total.

marginals are percentages of the
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Table 15A

Age-Smoking Composition of Total Morbidity Study Population
Regardless of Previous Employment

Age
20-29 30-39 40-49 50-59 60+ Total
Smoking Status n (%) n (%) n (%) n (%) n (%) n (%)
Nonsmoker 16 (46) 3 (13) 4 (11) 3 (13) 0 (0) 26 (21)
Ex-smoker 3 (9) 3 (13) 16 (46) 13 ({54) 2 (e7) 37 (31)
Smoker 16 (46) 18 (75) 15 (43) 8 (33) 1.(33) 58 (48)
Total 35 (29) 24 (20) 35 (29) 24 (20) 3 ( 2} 121

Cells are column percentages; marginals are percentages of the total.
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Table 19

Prevalence (%) of Symptoms and Radiographic¢ Findings Among Talc Workers
Included in Morbidity Study With No Preyious Occupational Exposure to Talc
Compared to Coal and Potash Workers Adjusted for Age, Height and Smoking Habits!|

Symptoms/Radiographic Findings Years Worked Talc Coal Potash

Cough < 15 years 31.3 20.9 23.2
> 15 years 34.5 36.7 25.6

Phlegmn < 15 years 34.4 26.0 27.2
> 15 years 24.1 44.6 23.7

Hemoptysis < 15 years 10.9 6.4 6.4
> 15 years 0.0 2.4 6.7

Dyspnea < 15 years 12.5 13.3 5.3
> 15 years 17.2  37.9 17.3

Pleural Thickening < 15 years 1.6 0.3 0.5
(Grade i1 and 2) > 15 years 31.0 1.6%* 4.4%
Pleural Calcification#** < 15 years ** 0.0 0.0 0.0
> 15 years ** 3.4 0.1 0.0

Irregular Opacities < 15 years** 0.0 0.5 0.0
(Grade >1) > 15 years 3.4 5.3 n.7
Regular Opacities < 15 years**® 0.0 1.0 0.0
(Grade >1) > 15 years 3.4 13.7 1.1

* p =< 0.05 Hypothesis being tested is that there is noc difference
in rates between the c¢oal and talc populations, or
between the potash and talc populations.

** Expected values not large enough for chi square test.

62



Table 19A

Prevalence (%) of Symptoms and Radiographic Findings Among All
Talc Workers Included in Morbidity Study Compared with Coal and Potash
Workers Adjusted for Age, Height, and Smoking Habits

Symptoms/Radiographic Findings Years Worked Talc Coal Potash

Cough <15 32.9 21.1** 23.3
>15 35.9 37.5 26.7
Phlegm <15 37.8 26.0%* 27.4
115 25.6 45.7**x 237
Hemoptysis " <15 - 11.0 6.5 6.2
>15 5.1 10.4 6.4
Dyspnea <15 13.4 13.7 5.3
>135 23,1 39.2% 13.4
Pleural Thickening <15 3.2 0.3 0.5
(Grade 1 and 2) >15 33.3 1.5%%%% 3 Thkxd
Pleural Calcification <154+ 0 0 0
>15++ . 5.1 0.1 0
Irregular Opacities <154+ 0 0.6 0
(Grade >1) >15 10.3 5.6 O.ax*x*
Regular Opacities <15++ 0 1.0 0
{Grade i1) i15 2.6 14.5 1.6
* p = <.,05 Hy: There is no difference in
¥* p =< ,02 rates between the coal and
*** p = <,005 talc populations, or between
¥*¥*X* = < ,0005 the potash and talc popula-
tions.

+ N=37 for potash comparisons.
,++ Expected values not large enough for chi square test.
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Table 20

"'Dose-Response Relations Among Talc Workers Observed Pulmonary Function
As Compared to Pulmonary Function of Ccoal and Potash Miners,
Adjusted For Age, Height, Smoking Habits and Years Worked.

{Standrard Error in Parenthesis)

A. Mean Percent Predicted and Pulmonary Function of Talc Workers
Compared to Coal and Potash Workers

Coal Potash
FEV . a. n = 93 kkxk 94,0 (1.3) *x*%x94 5 (1.4)
b. n = 121 k%% g3.8 (1.3) *** %04 .1 (1.3)
FVC a. n = 93 **¥*x 92 4 (1.2) *k¥x94 .7 (1.3)
b. n = 121 *kx* 91. 9 (1.1) *kkx094 0 (1.2)
FEVS a. n = 93 101.3 (0.7) 99.8 (0.7}
b. n = 121 *101.5 (0.7) 99.9 (0.7}
Peak Flow ¢. n = 89 **108.1 (2.8) 99.4 (2.6)
d. n = 114 ***108.5 (2.5} 99.5 (2.3}
FEF 55 c. n = 89 © * 93.6 (2.8)  *¥**88.8 (2.7)
d. n = 114 * 94.0 (2.7) **xk%x08 .9 (2.6)
FEFg g c. n = 89 *k%% 85,9 (3.1)  ***%85.3 (3.2)
d. n = 114 **kx B6.8 (2.9) **k*85.6 (2.9)
FEF 75 c. n = 89 *E%* 795 (3,1)  *¥*%83 .7 (3.3)
d. n = 114 *k*k* 79 9 (2.9) ****833.6 (3.0)

Ho: Mean predicted pulmonary function is not different from 100,

+ Percent predicted for FEV, FVC, Peak Flow, FEFgg, FEFgg =
100 33ii£iii ; For FEV% = 100 + observed-predicted.
predicted
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Table 20 {continued)

B1. Change in percent predicted pulmonary function per 100 fiber-years/cc

Coal Potash
° FEV, a. n = 93 ** - 9.4 (3.2) Arxkk . 13,7 (3.4)
H b. n = 121 *¥*¥* - 10.3 (3.0) Xxkxx . 14,4 {3.1)
F
! FVC a. n = 93 ** - 9.6 (3.1) X*% o~ 12,7 (3.3)
b. n = 121 *rex* - 11,6 (2.6) *x*k 14,7 (2.8)
FEV% a. n = 93 + 0.2 (1.7) - 0.7 (1.8)
b. n = 121 + 0.8 (1.5) - 0.05(1.6)
Peak Flowc. n = 89 + 2.7 (7.1) - 2.3 (6.5)
d. n= 114 + 0.4 (5.7) - 4.0 {5.2)
FEF 5y c. n = 89 + 4.8 (6.9) - 0,3 {(6.8)
d. n = 114 + 3.0 (6.2) - 1.5 (5.9)
FEF5O c. n = 89 - 2.5 (7-7) - 7.6 (7.9)
d. n = 114 - 5.0 (6.7) ~ 9.7 (6.6)
FEF45g c. n = B9 - 9.7 (7.7) - 13.8 (8.3)
. n = 114 ~12.0 (6.6) * - 15.9 (6.9)
B2. Change in percent predicted pulmonary function per 10 mg-particulate-
yrs/mg3
FEV a. n = 93 * - 5.2 (1.9) *Ekx - 7.5 (2.2)
b, n = 121 * - 3.8 (1.8} ¥* - 6.2 (1.9)
FEV a. n = 93 ** - 5,3 (1.9) ¥+ - 6.7 (2.1)
b. o= 121 *k% _ 5. 5 (1.6) *xkkx -~ 7.1 (1.8)
FEVS a. n = 93 + 0.2 (1.0) - 0.6 (1.1)
b. n = 121 + 1.2 {(0.9) + 0.6 (0.9}
Peak, Flowc. n = 89 + 1.2 (4.2) + 0.08(4.0)
d. n = 114 + 1.6 (3.3) - 0.2 (3.1)
FEF55 c. n = 89 - 0.03 (4.1) - 2.3 {(4.2)
d. n = 114 + 2.2 (3.6) ' - 0.4 (3.86)
FEFg g c. n = 89 - 1.4 (4.86) - 4.8 (4.9)
d. n = 114 + 1.2 (4.0) - 2.7 (4.0)
FEF75 ¢. n = 89 - 4.6 (4.6) - 7.9 (5.1)
d. n = 114 - 1.8 (3.9) - 5.1 (4.2)
Hy: Change in pulmonary function is not different from 0.
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*p

* % P

k kX P

* & %k % p
a. For
b. For
¢. Fox
d. For

<0.05

]

<0.00

1]

<0.00

<0.00

potash
potash
potash

potash

Table 20 (continued)

5
1

C1

comparison, n=%91 for FEV, FVC, FEV%
comparison, n=119 for FEV, FVC, FEV%
comparison, n=87 for Peak Flow, FEF25’ FEFgg, FEFqg.

comparison, n=112 for Peak Flow, FEF,5, FEFgp, FEFyg.

66



Table 21

Comparison of Talc Workers Included in Morbidity Study and Having No
Previous Talc Exposure With and Without Pleural Thickening (PT)*

By Age, Exposure, and Smoking Habits.

(standard Error in Parentheses) N=03

67

Age
40-49 50-59 60+
No PT 25 10 1
PT 2 7 1
No PT 44.4 ( 0.5) 53.1 ( 0.86) 63.0
PT 46.5 ( 0.5} 51.9 ( 0.6) 51.9
No PT 27.8 ( 4.7} 39.0 ( 8.6) 99.0
{pack years) PT 39.0 (23.0) 18.6 ( 5.2) 44.0
" Years Worked No PT 13.8 ( 1.4) 16.5 ( 3.1) 28.0
PT 14.5 {( 6.5) 23.7 ( 0.9) 28.0
Particulate Exposure No PT 8.7 ( 1.4) 11.3 { 2.86) 25.4
(mg~yrs/m3) PT 7.9 (3.9) P 11.2 ¢ 3.4) 2.0
Fiber Exposure No PT 52.5 ( 7.9) ;:59.5 (16.7) 88.8
(fibers~yrs/cc) PT 56.9 (41.0) | 82.0 (41.0) .6.0
% Predicted FEV
No PT 97.9 ( 2.6) | 90.6 ( 4.7) 84.0
PT 80.8 { 3.2) 77.6 ( 5.3) 87.3
No PT 96.3 ( 2.8) | 89.4 ( 5.0) --
PT 77.7 ( 5.3) 75.4 ( 5.4) 86.7
% Predicted FVC
No PT 95.9 ( 2.4) 86.7 ( 4.5) 79.6
PT 72.9 ( 7.1) 77.6 ( 4.4) 82.8
No PT 96.7 ( 2.5) 88.3 ( 4.8) --
PT 72.5 ( 8.7) 77.1 ( 4.3) 83.2
* Pleural thickening (Grades 1! and 2).



Table 21A

Comparison of All Talc Workers in Morbidity Study
With and Without Pleural Thickening (PT)* By Age
Exposure and Smoking Habits. (Standard Error in Parentheses) N=121

Age
40-49 50-59 . 60+
N No pPT 33 ' 14 1
PT 2 10 2
Age No PT 44.5 ( 0.4) 53.3 ( 0.5) 63.0 (----)
PT 46.5 { 0.5) 52.4 ( 0.7) 60.5°( 0.5)
Smoking No PT 26.8 ( 4.0) 30.4 ( 7.2) 99.0 (~==-)
(packing years) PT 39.0 (23.0) 24.6 ( 6.8) 27.0 {(17.0)
Years Worked No PT 14.0 ( 1.3) 16.6 { 2.6) 28.0 (----)
PT 14.5 { 6.5) 23.5 { 1.58) 28.5 ( 0.5)
Particulate Exposure No PT 9.4 { 1.3) 17.1 ( 2.2) 25.4 (~----)
(mg-yrs/m3) PT 7.9 ( 3.9} 13.5 ( 2.7) 14.3 (12.4)
Fiber Exposure . No PT 55.6 ( 8.0) 57.8 (12.8) 88.0 (----)
(fiber-yrs/cc) PT 55.9 (41.0) 92.4 (18.9) 26.4 (20.4)
% Predicted FEV No PT 95.5 ( 3.1) 91.9 ( 3.8) 84.0 {----)
Coal PT 80.8 { 3.2) 77.8 ( 5.8) 102.92 {(15.6)
Potash No PT 94.2 ( 3.3) 90.0 ( 3.9) -
PT '77.7 ( 5.3y 75.4 { €.0) 9B.2 (11.5)
% Predicted FVC No PT 94.5 ( 2.6) 87.4 ( 3.4) 179.6 (=-==-=)
Coal PT 72.9 { 7.1) 77.6 ( 4.7) 89.0 ( 6.2)
Potash Ne PT? 95.6 ( 2.8) 88.3 ( 3.6) -
' PT 72.5 ( 8.7) 77.0 ( 4.8) 88.0 ( 4.8)

* pleural Thickening (Grades 1 and 2)
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Table 23

Symptom Prevalence, Radiographic Findings and Pulmonary
. Function By Pleural Thickening (PT) and Years Employment

PT =0 PT = 0 PT = 1% PT = 2
<15 Years >15 Years >15 Years >15 Years
Employment Employment Employment Employment
n = 8] n = 26%%* n =8 n =6
Age (Average) 32.9 (1.1) 48.9 (1.0) 50.9 (1.1) 55.2 (2.0)

Symptom Prevalence (95% Confidence Levels in Parentheses)

Cough 32.1 (22-44) 34.6 (18-<55) 12.5 { 0-50) 83.3 (40-100)
Phlegm 37.0 (26-49) 23.1 ( 9-43) 12.5 ( 0-50) 66.7 (25=95)
Hemoptysis 9.9 (4.5-19) 0 ( 0=13) 12.5 ( 0-50) 33.3 ( 4-75)
Dyspnea ( > Grade 2) 13.6 ( 7-24) 19.2 ( 7-39) 25.0 ( 3-65) 33.3 ( 4-75)
Pleural Calcification 0 ( 0- 5) 0 ( 6-13) 25.0 ( 3-65) 0 ( 0-45)
Irregular Opacities 0 ( 0- 5) 3.9 ( 0-20) 25.0 ( 3=65) 16.7 { 0-60)
Pulmonary Function (Standard Error in Parentheses)
FEV, Coal 95.5 (1.3} 95.0 (3.4) 83.8 (3.2) 79.1 (11.5)
(% Pred) Potash 97.5 (t.5) 91.5 (3.5) 80.9 (3.5) 76.5 (11.1)
FVC Coal 94.4 (1.2) 91.4 (3.1) 80.1 (3.6) 76.4 ( 7.4)
{% Pred) Potash 97.9 (1.3} 90.4 (3.1) 79.5 (3.7) 75.8 ( 7.7)
FEV% 78.1 (0.9) 75.3 (1.3) 76.0 (1.7} 0.2 ( 4.1)
n=74
Peak Flow Coal 106.1 (2.8) 113.4 (5.5) 1713.2 (10.7) 110.6 {17.2)
(% Pred) Potash 99.5 (2.7) 99.7 (4.5) 299.8 ( 9.9) 97.2 (16.3)
FEF 5 Coal 91.0 (3.0} 98.4 (6.1) 102.6 (10.1) 93.4 (21.1)
(% Pred) Potash B8.6 (2.9) 89.9 (5.9) 92.9 ( 9.6) B3.5 (19.3)
FEFs Coal 86.6 (3.1) 91.1 (7.2) 82.% (10.0) 76.0 (24.5)
(% Pred) Potash 87.3 (3.3) 86.2 (7.0) 79.1 {10.7) 70.9 {20.0)
FEF, Coal B2.6 (3.2) 80.3 (7.0) 65.3 ( 6.3) 65.5 (22.3)
(% Pred) Potash 87.4 (3.5) 82,2 (7.5} 65.4 ( 5.1) 66.7 (19.9)

* One individual has less than 15 years employment;

have more than 15 Years employment.

** n=24 for the potash comparisons.
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Table 24

Symptom Prevalence (%) of Talc Workers Compared to
Asbestos’ and Synthetic Textile Workers?
By Age and Smoking Habits

Nonsmokex Ex-smoker Smokers Total
Winter Cough (3 mos/yr)
Ages .
Asbestos Workers 21~ 35 19 27 49 42
36-69 35 21 65 56
Talc Workers 20-39 0 33 48 24.4
40-65 0 21 60 38.3
Anthophyllite Asbestos
Workers-heavily exposed 16.8 -— <15=32.0 26.6
greater than 10 years3 >15=35.6
Phlegm in Winter {3 mos/yr)
Ages
Asbestos Workers 21-35 26 27 43 38
36-69 40 30 51 47
Synthetic Textile 15~39 6 0 12 10
Workers 40-70 9 5 22 17
Talc Workers 20-39 18 17 45 24
40-65 20 11 60 37
Breathlessness-
Grade 2 or More
Ages
~ Asbestos Workers 2125 0 D 13 9
E 36-39 22 23 23 23
Synthetic Textile 15-39 () 5 6 6
Workers 40~70 4 7 9 7
., Tac Workers 20-39 6 17 14 9
40-65 0 14 20 17
Anthophyllite Asbestos3 19.8 - <15=23.0 19.9
(dyspnea at -rest) : >15=13.3
(1} From J.C. McDonald et. al,: Respiratory Symptoms in Chrysotile

Asbestos Mine and Mill Workers of Quebec. Arch Env. Health,
24:358, (1972).

{2) J. A. Merchant: Epidemiological Studies of Respiratory Disease
Among Cotton Textile Workers, 1970-73. (Rates are calculated
from white men working in synthetic wool mills in North Carclina,
i970-71.)

(3) L.O. Meurman, R. Xivilvoto, and M. Hakama: Mortality and Mor-

bidity Among the Working Population of Anthophyllite Asbestos
Miners in Finland, Brit. J. Ind. Med., 31:105, 1974.
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Table 25

Prevalence of Radiographic Findings in Talc Workers Compared to Asbestos

Wworkers! Over 135 Years of Age and After Age Adjustment

Prevalence (%) of Radiographic Findings

Pleural Pleural Irregular
Thickening Calcification Opacities
Talc Workers with no previous
oc¢upational exposure 25.0 3.8 1.9
(n=52) p<.01 N.S. N.S.
asbestos Workers) 4.8 2.9 5.6
Talc Workers regardless of
previous employment 28.6 : 7.1 5.7
{n=70) p<.01 N.S. N.S.
Asbestos Workers | 4.9 3.0 5.8

(1)

Data from C.E. Rossiter et.al., (1972). Radiographic Changes in
Chrysotile Asbestos Mine and Mill Workers of Quebec, Arch. Env.
Health 24:388 (ref. 76).

This study of asbestos workers used the 1968 ILO/UICC classifi-
cation for pneumcconiosis. There are no differences in the
1968 and 1976 classification for irregqgular opacities, pleural
thickening and pleural calcification.
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Table 27

Vital Status of Tale Workers Included in Mortality Study

Who Began Employment Between 1947-1960

Known to be alive
Known to be deceased

Unknown vital status

Total

308
74
16

398

Table 28

Study Cohort of Talc Workers Included in Mortality Study

According teo Length of Employment

Duration of Employment Number
< 71 month 74
1 month - 6 months 97
6 months ~ 12 months 31
1 year - 10 years 90
> 10 years 106
398

Total

75



Table 29

Study Cohort of Talc Workers Included in Mortality Study
According to Date of Initial Employment

Date of Initial Employment ' : Numbex
1947 - 1949 174
1950 - 1954 156
1955 - 1959 68
Total 398
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Table 30

Observed and Expected Deaths According to Major Causes
Among Talc Miners and Millers Included in Mortality Study

Cause of Death Number Observed Expected SMR
Respiratory T.B. 001-008 3.0 0.49 610%
Malignant Neoplasms 140-205 19.0 10.6 180 *
Diseases of the Heart 400-443 27.0 26.5 102

All Non-malignant

Respiratory Disease 470527 8.0 2.9 280*
Accidents EB00-E999 10.0 6.4 156
Other Rnown Causes =  —~=-===-- 7.0 14.4 -
Total 74.0 61.3 120

* p < 0.05

77



08¢

ooc¢

» 08¢

69

GEE

+0LT

»»06C

00l

+x081L

ANS

pa3o9dxyg

Po2AIDSO

LZS-0LS

c0S-0LYV

L2S-0LY

soZg-goz

£€91-291

91 ~091

651 -0S1

S50Z-QWvlL

Iaquny

L0°0 > d x«
Sp*0 > d
se@seasSTq Axojeatdsay
jueubrTerw-ucN I2Y3lo
uoT3oajur Axo03
~exTdsey aoddn 23noy puk sT3

-Tyouolg ‘BPTUCWNAIUd fezuanijul

asvasTQ
Azozexrdsay 3urubyTew-UON TIV

suseTdoaN IIYlC
or3aTtodeojewsy pue ot3yeydwdg
oruaboyouoxg

wo3sids Axojeardssy

waj3sAs aaT3sebIq

suseTdosN 3uruUbTIOW

yjesad Jo esne)

Apn3s A3TTe31A0W UT PaplOTOUIl SISTTTH PUPB SIAUTW 2Tel buowy 2s5ue)
ot3Toads o3 burtpixoooy syzesqg po3osdxda pue plaxesqo

Y0E 19l

78



Table 31

Bronchogenic Cancer Among Talc Miners and Millers Included in
Mortality Study According to Interval Since Onset of
Employment (Latency)

Interval Since
Onset of Employment

(years) . Observed Expected SMR
<10 0 D.5 —-—
10-19 3 1.5 200
20~-28 6 1.3 460**
Total 9 3.3 270%*

*¥* p < 0.01

* p < 0.05
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' Figure 1. Typical Electron Diffraction Patterns and X-ray i
' Spectra of Tremolite Fibers in Bulk Samples

X~Ray Spectrum Diffraction Patterns

Electron Photomicrographs

Magnification Magnifieation
10,000 X 1 Micron —_ 1,700 X 10 Micron ey
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Figure 2. Typical Electron Diffraction Patterns and X-ray
' Spectra of Anthophyllite Fibers in Bulk Samples

X-ravy Spectrum Diffraction Pattern

Electron Photomicrograph

Magnification Magnification
10,000 X 1 Micron +— 5,000 X 1 Micron T
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MAGNIFICATION 3,000 X
1 MICRON —

10 MICRON
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Mine and Mill
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Electron Photomicrograph of Airborne Particulates
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Appendix. Summary Statistics for NIOSH 1975 Industrial Hygiene Study
(Tables A-1 through A-10).

Table A-1

Summary of Fiber Exposures in Mine
Operations as Determined by Optical Microscopy

Fiber >5 ym . in Length per cc

Operation or Job Range of Mean (+ SE) Median of Time-
P Individual of Individual Individual Weighted
Samples Samples Samples Average

Crusher Operator (4) 7.7 - 14.7 10.3 + 1.5 9.3

Trammer (25) 2.3 - 14.6 6.4 + 0.7 5.1 5.6
Driller (5) 0,9 - 6.8 3.9 + 1.0 . 3.0
Cageman (5) 6.0 - 18.2 10.3 + 2.1 . 9.5
Blacksmith (3) 1.2 - 4.4 3.1 4+ 1.0 3 2.6
Mechanic (12) 0.2 - 3.9 1.9 + 0.3 3.9 1.7

( ) Number of samples

SE ©Standard error
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TABLE A-6

Summary of Respirable Dust Exposure in Mill Operations

Respirable Dust Concentrations - mg/m3
opexation or o | arge of  Wem [LS8) T Weals or Hime
Samples Samples Samples Average
Mill Foreman (2) 0.52 - 0.64 0,58 + 0.06 0.58 .58
General Laborer (1) .14 - 1,14 1.14 + ~==- 1.14 1.14
Crusher Operator (2) 0.60 - 1.13 0.87 + 0.27 0.87 0.85
Hardinge Operator (2) 0.65 - 1.56 1.11 + 0.46 1.11 1.09
Wheeler Operator (2) 0.45 - 2.73 1.59 + 1.14 1.59 1.56
Packer (2) 0.39 - 0.95 0.59 + 0.07 0.50 0.59
Packer Serviceman (2) 0.40 - 0.44 0.42 + 0.02 0.42 0.42
Packhouse Foreman (2) 0.22 - 0.28 0.25 + 0.03 8.25 0.25
Fork L;ft Operator (3) 0.23 - 0.44 0.35 + 0.06 .37 0.35
Car Liner (1) 0.31 - 0.31 0.31 + -=- 0.31 0.31
Bulk Car Loader (1) 0.25 -~ 0.25 0.25 + -~- 0.25 0.25
Millwright (2) 0.16 - 4.64 2.41 + 2.24 2.40 2.37
Iinstrument Repairman(2) 0.58 -~ 0.59 0.59 + 0.07 0.59 0.59
Machinist (1) 0.40 - 0.40 0.40 + --- 0.40 0.40
Millwright Helper (1)} 2.95 - 2.95 2,95 + =~-- 2.95 2.95
Sheet Metal Worker (1) 0.50 -~ 0.50 0.50 + =~~~ 0.50 0.50
Oiler (1) 0.72 - 0.72 0.72 + ==~ 0.72 0.72
Weldexr (1) 6.75 - 0.75 0.75 + —--- 0.75 0.75

( } Number of samples (all full shift samples)

SE Standard Error
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TABLE A-7

Summary of Respirable Free Silica Exposures in Mine Operations

| Respirable Free SiOp Concentrations - mg/my

rﬁ Range of ; Mean (+ SE) Median of Time-
, Operation or Job Individual i of Individual Individual Weighted
Samples ‘ Samples Samples Average
[ .
Trammer (3) , 0,012 - 0.025 r 0.020 i 0.004 0.024 0.020
Scrapper Man (3) 0.012 - 0.0172 } 0.012 + 0.000 0,012 0.012
1]
Laborer (2) 0.000 - 0.0%2 ) 0.006 + 0.006 £.506 0.006
Driller (2) 0.000 - 0.024 ; 0.014 + 0.007 0.014 0.014
i
Repairman's Helper (1) 0.000 - 0.000 | 0.000 = =—===-= 0.0C0 0.000
| Mechanic (1) 0.000 - 0.000 | 0.000 = ~=m=- 0.000 0.000
i !
I !
} |

{ ) Number of full shift samples collected

S8E Standard error
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TABLE A-8

Summary of Respirable Free Silica Exposures in Mill Operations

Respirable Free Si0O, Concentrations - mg/m3

Range of Mean (+ SE) Median of Time-

Operation oxr Job Individual of Individual Individual Weighted

Samples Samples Samples Average
Mill Foreman (2) 0.013 - 0.074 0.014 ~ 0,000 0.014 0.013
General Laborer (1) 0.014 - 0.014 0.014 - ==w-- 0.014 0.014
Crusher Operator (2) 0.012 - 0.028 0.020 + C.008 0.020 0.020
Hardinge Operator (1) 9.012 - 0.012 0.012 - c———- 0.012 0.012
Wheeler Operator (1) 0.012 - 0.012 0.092 ~ --~== 0.012 0.012
racker (7) 0.000 - 0.015 0.019 + 5.002 0.013 0.010
packer Serviceman (2) ¢.000 - 0,013 0.007 + 0.006 0.007 0.007
Packhouse Foreman (2) 0.013 - 0.076 0.015 + 0.001 0.015 0.014
Fork Lift Operator (1) 0.000 - 0.000 0.000 = ====-~ 0.000 0.000
Car Liner (1) 06.000 - 0.000 0.000 - -=~-- 0.000 0.000
Bulk Car Loader 0.Q16 - 0.016 0.016 - -—=-- 0.016 0.016

{ ) Number of full shift samples collected

SE Standard error
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.- TABLE A-9

Summary of Airborne Dust Concentrations in Mine Operations as Determined

2’

by Midget Impingex/Optical Microscopy Technigues

Impinger Dust Concentrations, mppcf

Range of Mean (+ SE) Median of Time-
Operation or Job Individual of Individual Individual Weighted
Samples Samples Samples Average
Trammer (3) 6.0 - 12.7 10.4 + 2.2 12.4 10.1
Scapper Man (5) 3.8 - 24.5 14.0 + 4.2 18.4 11.8
Drillexr (1) 11.7 - 11.7 11.7 = ---- 11.7 11.7
Mucker (1) 15.8 ~ 15.8 15.8 = —==- 15.8 15.8
Cageman (1) 2.0 - 2.0 2.0 = ==—- 2.0 2.0
Repairman Helper (1) 3.6 - 3.6 3.6 - —=—=- 3.6 3.6
Mechanic 1.5 - 1.5 1.5 - =——- 1.5 1.5

( ) Number of individual samples
SE Standard error

mppecf Millions of particles per cubic foot of air
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TABLE A-10

Summary of Airborne Dust Concentrations in Mill Operations Determined
by Midget Impinger/Optical Microscopy Techniques

Impinger Dust Concentrations, mppct

Operation or Job Range of Mean (+ SE) Median of Time-

Individual of Individual Individual Weighted

Samples Samples Samples Average
Mill FPoreman (2) 1.8 - 3.9 2.9 + 1.1 .9 2.9
General Laborer (1) 0.5 - 0.5 0.5 = ==—- 0.5 0.5
Crusher Operator (4) 1.2 - 3.5 2.6 + 0.5 2.8 2.6
Hardinge Operator (2} 2.9 - 3.9 3.4 + 0.5 3.4 3.4
Wheeler Operater (2) 2.5 - 3.6 3.1 + 0.5 3.1 3.1
racker (6) 2.0 - 6.4 3.6 + 0.6 3.3 3.6
Packer Serviceman(1} 2.1 - 2.1 2.1 - --- 2.1 2.1
Fork Lift Operator(1) 1.6 - 1.6 1.6 = === 1.6 1.6

{ ) Number of individual samples

SE Standard error

mppcf = Millions of particles per cubic foot
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“7%g" * EPARTMENT OF HEALTH & HUMAN SERVICES
LA
Ny -~ ‘
il Memorandum
Date November 22, 1985
\1
From John cambleQB .
g;ﬁe; critique of NIOSH position on Vanderbilt talc as an asbestiform mineral
) increasing the risk of lung cancer in exposed workers
To

Director, DRDS
Thru: Chief, Epidemiclogy Branch

I have addressed the NIOSH position in the OSHA hggzipgs as they relate to New
York talc and the asbestos standard. This position is based on the NIOSH
study of Vanderbilt talc workers (2). Two related issues are in question:

1) Does the tale contain asbestos? The answer is relevant to the
second question because studies of anthophyllite asbestes workers'
and the occurrence of pleural changes suggestive of asbestos
exposure are used as supporting evidence for the conclusion that
New Yerk talc is a ecarcinogen. Neither in my view is correct as
the anthophyllite study itself is not conclusive, and pleural
changes have also been observed in talc workers where there is no
¥nown exposure io asbestos. There is substantial support for a

negative answer:to this question.
The answer to this question in part depends on the definitiem

. used. If the NIOSH definition of an aspect ratio greater than 3:1
is used, then there are asbestiform particles in the tale. 1If a
mineralogical definition is used, and if the complete regulatoery
definition of fibrous habit is applied, then Vanderbilt tale does
not contain asbestes. It contains the nonasbestes varieties of
tremolite and anthophyllite.

While this gquestion about the nature of the tremolite and :
anthophyllite in Vanderbilt talc is important and has been used to
support the conclusion of excess cancer risk, the answer to the
second question must stand on its own.
2) Is there an excess risk of lung cancer? We don't know from the
NIOSH study because there is possible confounding from smoking, a
high proportion of the lung cancer cases have short exposure times,
. -and there is potential confounding from other exposures. Animal
Q;:'; . " and other epidemiology studies also provide no support for the
. " ronclusion that Vanderbilt tale increases ihe risk of lung cancer.

-

Since there is no clear answer yet, NIOSH should not pronounce the tale as
guil:y, but should re-evaluate the mortality study and the position taken on
tremnlite asb:stos in tale. In the rest of this discuassion I will dis.u-.. the
HTOSH position and interpretations presented at the OSHA,hearings.(1) the
a.;,.-went for and againgt the issu2s of asbestes in the talc, and the health

risk of lung cancer due to talc exposure. _ ‘ e
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‘"

NIOSH made the feollowing reconmendations at the 1984 OSHA hearings to
promulgate 3 new standard for asbestos:

"NICSH recommends a revised asbestos standard. It is our conclusion
that there is no safe concentration of exposure to asbestos [p.4]"

This position is “consistent with" the CPSC report that "all major
fiber types studied (i.e. chrysotile, amosite, crocidolite) appear to
be capable of causing lung cancer, and all except anthophyllite,
pleural mesothelioma in humans.”{p.4])

. It is also consistent with the joint NICSH/OSHA repert {which "continue
to be NIOSH policy today”) and which state that "...there is no
scientific basis for differentiating between asbestos fiber types for
regulatory purposes.” [p.4] .

Asbestos for regulatory purposes according to the jeint NIOSH/QSHA
committee and NIOSH "is defined to be chrysotile, crocidolite, znd-
fibrous cummingtonite-grunerite including amosite, fibrous tremolite,
fibrous actinolite, and fibrous anthophyllite. The fidbrosity of the
above minerals is ascertained on a microscopic level with fibers
defined to be particles with an aspect ratio of 3 to 1 or larger.” [p.2}

In the review of the biological effects of asbestos in humans, NIOSH has a
section on "exposure to asbestiform minerals other than commercially mined
asbestos™, [p.18}] "The immediate concern in this section is with the studies
relating to talcs in the Gouveneur Tale district of upper New York state.
[p.19) The NIOSH industrial hygiene, morbidity, and mortality study of
Vanderbilt talc workers has been reported in a NIOSH technical report(2) and

published elsewhere.(3,4,5) The NIOSH testimony to OSHA concludes that:
[P . 19-20.] -

"Talcs in this area...have been shown teo contain tremolite and

anthophyllite, resulting in elevated miner and miller exposure to these
fivers.” :

*...10 respiratory cancers were observed, but only 3.5 were expected.
Excess mortality was also observed for non-malignant respiratory
diseases.”

"Talc workers with greater than 15 years employment were found to have
an increased prevalence of pleural abnormalities...FEV; and FVC

reductions demonstrated significant association with particulate and
fiber exposure”.

A subsequent mortality study by Stille and Tabershaw(1l4) of the same cohort
was also described. This study did not show any increased risk from lung
cancelr to the workers™. This conclusion was discounted because:
a) There was "no analysis of mortality by latency interval";
b) “confounding factors were overlooked with regard to those
rreviously employed or those that were not”: and
c) the study did not calculate the relative risk of lung cancer by
dose. )
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I would add that criticisms (b) and (c) apply to the hIOSH study as well, ang

" neither study has conirolled for smoking.

Two of the conclusions derived from the NIOSH studies of Vanderbilt tale (2-5)
have been contested as follows:

1) TIt is recommended that exposures to these and similar 'tales' be
treated as any other asbestos exposure and subject to all
provisions of the asbestos standard."(3) It is the contention of
the company(10.11), osgA(12) BoM(15), and NI0sH(7) that
Gouveneur talc does not meet the mineralogical definition of
asbestos,

2) T“Exposure to talcs from the Gouveneur mining area are associated
with an increased risk of bronchogenic cancer.”{5) The
association of lung cancer and “asbestos™ exposure in the New York
tale workers has not been confirmed in 2 0tber studies of these
same workers(9,19)  and so the company contends there is no
increased risk of lung cancer from New York talec.

It is important that an attempt be made to resolve these two issues. The
argunments pro and con are briefly summarized, and suggest that the company may
be correct in their contention that New York talc 1s not "asbestifeorm™ and
that New York talc is not causally associated with increased risk of lung
cancer. Since NIOSH asuthors published these original conclusions, NIOSH
should correct them if they are incorrect. Before NIOSH makes any conclusions
about health risk the meortality study should be updated and analyzed by
latency and exposure and coritrolled for smoking and other exposures.

k

Issue #/1: Does New York talc contain asbestos? (This section was written by
Jehn Jankovic)

If the talc is not asbestiform then NIOSH needs to say so, since we are the
ones contending that it is.(1-8) The following comments provide insight

into why the issue of the composition of the New York tale needs to be
re-evaluated. It also points up the problems with the NIOSH definition of
asbestos in mining and in the evaluation of exposure among the secondary users
of ores. (See 10 also).

In April 1980 the NIOSH-OSHA Asbestos Work Group released a report (81- 103)
which defined asbestos to be

...chrysotile, crocidolite, and fibrous cummingtonite-grumerite

. including amosite, fibrous tremolite, fibrous actinolite, and fibrous
anthophyllite. The fibrosity of the above minerals is ascertzined on a
microscopic level with fibers defined to be particles with an aspect
ratio of 3 to 1 or larger.

-

1
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"The first sentence of the guote is sufficiently accurate mineralogically to be
unambiguous in terms of which minerals and mineral habits should be considered
for regulation as asbestos, i.e. only the fibrous habits. The second
sentence, taken in context with the first or by itself, presents a problem in
interpretation. I believe the work groups' intention was to delineate the '
size parameters of the fibrous minerals which should dbe included in performing
a microscopic fiber count, not that mineral fibrosity was to be determined

-microscopically on the basis of a 3 to 1 aspect ratio. Proof that the former
rather than the latter definition was intended, can be found in the same
document.

...the condition of fibers in mature as a result of crystal growth is
the only criteria for distinguishing asbestes from other
silicates...Most properties menticoned above can only be measured cn
bulk samples (macroscopic properties of the parent minerals).

Thus it is clear that the intent of the work group was to direct attention
towards the regulation of the six commercially exploited minerals of fibrous

habit: chrysotile, cummingteonite-grunerite asbestos, anthophyllite asbestos,
tremolite asbestos, actinolite asbestos and ecrocidolite.

Unfortunately, many have apparently interpreted the definition of asbestos to
include any particle with a length three times its width regardless of the
habit of the particle's parent rock.

With this definition of asbestos in mind, I reviewed the industrial hygiene
study contained ir KIQOSH's Technical Report titled Occupational Exposure to
Talce Containing Asbestos (80-115). . (Ref 2) The report contains no physical
or mineralogical description of the pzarent minerals. In the absence of
informetion indicating that the parent minerals occur in & fibrous habit, it
is not scientifically correct to classify elongate particles as fibrous
{asbestiform) on the basis of morphological characteristics observed in
electron photomicrographs. If information about the crystal habit of the
deposit is available, then it should be included in the report; and if, as the
company contends, the deposit is massive rather than fibrous, all terminology
and references to asbestos or fibers should be removed from the report.

Issue {/2: Whatever the conclusion on Issue #1, the question remains: Does
exposure to New York talc pose an increased risk for lung cancer?

The arguments for (1-3, 5-B) and agsinst this question are presented below and
summarized in Table 1. The issue about asbestos in the talec is important in
this regard beczuse circular reasoning may have been used to assume a causal
association between exposure to New York tale and lung cancer. However, the
issue of risk of lung cancer from Vanderbilt talec should stand on its own.

Dement and Brown(7) 1ist 4 criteria suggested by Hi11(39) to5 be used in
determining causation: strength of associatizn, {emporal relationships,
biological plausibility, and consistency. Biological.gradient (dose-response)
and ccherence are part of Hill's rules of evidence and have been added to
assist in evaluation of the nature of tLe association. 4 second thought
procers necessary in applying these criteria is to assess the .Zevuacy cf the
stud.es: e.g. control for confounders {other exposures and :moking).

- - e -
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While the arguments are briefly presented in Table 1, conclusions on each

criteria will be presented:

1)

2)

3)

Strength of Association: The strength of an zssociation can vary
because of the proportion of exposed workers with adequate latency
in the total cohert. Thus the NIOSH study (2,3) shows an SMR for
lung cancer of 270 (employed 1947-195%9), the TOMA study{14) ap

SMR of 157 (employed 1948-1979). Additionzlly, association is
possible because of confounding from smoking (not controlled in any
study of New York tale) and other exposures. For example the
ToMA(14) suR for Tale workers with "known prior employment®™ was

214 and the SMR for "tale workers with ne ¥nown work™ was 76.

Strength of Asscciation by itself only rarely can provide a
conclusive answer about whether an association is causative. It
cannot in this instance. The moderately sirong association
observed in the NIOSH study is suggestivE bBut certainly not
conclusive because "the population available for study is small,
the follow-up period is relatively shert..., datz on smoking are
lacking, and previous exposures in other neighboring talec mines and
mills represent a confounding factor.”{8) Potential
non-Vanderbilt employment increasing the risk of lung cancer.{19)
includes working in lead mines, iron mines, aluminum pot rooms,
aluminumum mines, construction, zinc mines, paper mills, and other
talc mines.

Temwporality: For a chemical agent to cause lung cancer, exposure
to the agent must precede the onset of disease. The presence of a
latency gradient (as demonstrated in the NIOSH study) is consistent
with an asbestos etiology.

Biblogical Gradient: TIs there an exposure-effect relationship
within the population at risk? If the answer is yes, there is a
strong argument for causation. Even though we are considering
whether an agent is a carcinogen, 2and many consider the prudent
policy is to asstme no threshold, 3 causative association for
asbestos and lung cancer is still expected to show a dose-response
relationship under control for latency. A dose-response analysis
was not done by either NIOSH(2.5) or TOMA(14), rLamm and Starr

in an update of there mnalysis presented to O0SHA(20) 3 partial
tenure by latency analysis:

-

Gross Tenure

<1 year - > 1 year
Latency 0/E  SMR O/E SMR
<10 yrs 0/.33 - 0/.58 -
10—19_- » 0/.62 - - -371.0%5 286
>20 . . /.89 . 674 2/1.48 135

The expected numbers in each cell msre so small it ir mnt possisle to
positively identify a biological gradient; certainly nu dose-response
association is substantiated. FPinding four of ten uecaths in the KIOSH
study and 6 of 11 in the Lamm and Starr study withk less than one year
tenure suggests there is umlikely to be a dose-resp.ase association.
NIOSH should not be too definitive about causation in the light of
szall nuxmbers.




NIOSH also argues that “brief periods of exposure to elevated
concentrations of asbestiform minerals may be associated with an
increased bronchogenic cancer risk™.{(®) This assumption was based en
a group of workers in a New Jersey amosite asbestos factory employed
for short periods from 1940-44, and were generally not career asbestos
workers. The transformed data by latent period for these workers is |
taken from Walker(38) and shows an apparent decline in risk after 20
years latency; the overall risk still appears high when latency is
greater than 10 years. The similarity of SHR's between these two
cohorts is tenuous, as expected mumbers are quite small.

Latent Period

5-9 10-19 20-~29
Exp SMR Exp SMR Exp SMR
Amosite 1.68 119 0 564 ’ 9,21 463
<10

Vanderbilt 0.5 —_— 1.5 200 1.3 4690

The other point in this argument is that the short-term workers would
have exposure to elevated concentrations. Table 2 shows that even if
the highest measured particulate ("fiber™) exposure for the job held by
a worker dying of lung cancer is used to estimate cumilative exposure,
6 of 11 had estimated cumulative exposures of less than 14 fiber-years
(f-y), and only 2 had exposures over 100 f-y. Over 1/2 (55%) of the
workers in the study population were millers, while at most 2/11 (l8%)
of the czses were millers. The mill appears to have higher dust levels
than the mine. The lung cancer cases with long tenure appear to have
jobs with similar exposure to cases with low tenure; they certainly
have much higher cumilative exposure. There thus does not appear to be
any suggestion from the environmental data and work histories that the
short-term workers who developed lung cancer had elevated exposures.

- The credibility of the dose-response argument is not sufficient to

4)

lazbel Vanderbilt talc az carcinogen one way or the other. In fact a
dose-response analysis under contrel for smeoking has not been done, and
no dose-response analysis other than greater or less than 1 year tenure
as the exposure variable has been done. .

Biologieal Plausiblity and 5) Consistency:

These 2 criteria are linked together as they rest on similar
assertions, i.e., .

a) Vanderbilt tale contalns anthophyllite asbestos (and contains
tremolite and anthophyllite similar to other New York tales).

-

b) If there is an increased rick of lung cancer among anthophyllite
asbestos workers (and other New York talc workaers), then

c) It ié'plausible that there should be increased risk ir. Vanderbilt
talc workers. '
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Lets examine each assertion in turn:

1)y =a) Comparison with Finnish anthophyllite asbestos workers:

The Finnish anthophyllite is asbestos, while the anthophyllite

in the talc is nonasbestifeorm. Sinece the Finnish wotkers are

nining and milling asbestos, the "fiber" exposure is likely to

be greater. Worker employment began at least a decade before
- : tale workers which could affect both exposure and latency.

The exposure is both quantitatively and gqualitatively
different.

b) Comparison with other New York talc workers: All New York
talc studies except 2(4.18) were of other New York talec
operations, and refer to populations with a substantial
portion of their employment prior to the opening of the
Vanderbilt operation, and priocr to ElE introduction of wet
drilling. Exposures were apparently much higher prior to 1846
{see Table 1, section 5). There is at least some variability
in New York tales, and none of the talc are well characterized
in the medical reports. The significance of this variability
iz unclear.It should be possible to examine the mineralogy

however. Exposures appear to be at least quantitatively
different.

The effects of smoking may have been less in the older studies
ttkzn more recent ones. The per capita consumption of
cigarettes from 1925 to 1950 increased steadily from 1,285 to
3,522 cigarettes/person. A peak of 4,336 was reached in 1963
with a slow decline in per capita consumption for the next 15
years totalling about 3,965 cigarettes per person in 1878.

The increasing use of filter-tip cigarettes starting about
1953 could offset the increazsing per capita consumpiion.(47)

In short the very high talc exposures in the other New York
tale studies and the unknown roles of smoking makes this
comparison problematic.




Cough

Dyspnea

2)

Assuming for the sake of argument that the compariscns of
anthophyllite asbestos and other New York talc studies with
Vanderbilt are credible, is there an increased risk?

a)

Finland: There were excess deaths due to lung cancer and
asbestpsis among miners and millers compared to controls
(controls had excess czrdiovascular deaths compared to
exposed). There was, however, no control on smoking
("unusually common in Finland”) and no dose-response analysis.
The authors say ™...it is too early to draw any far-reaching
conclusions on the association of malignancy and anthophyllite

‘exposure in Finland™.(23)

“There was a3 three-fold excess of dyspnea and a two—-fold excess
of cough...for asbestos workers compared with the controls
after adjustment for smoking"”.{(23) There were more heavy
smokers among asbestos workers. These are non-specific effects

often seen in mining populatlons, and potentially confounded
with dust and smoking. .

A radiological survey in Finland of 431 former anthophyllite
workers(3©) with tenure ranging from 3 months to over 20

years had prevalences of 28% small opacities, 14% pleural
changes without opacities, and 28% with both pleural and
pulmonary changes. Of the 174 cases with pulmonary changes on
the x-ray, 7% were rounded opacities, 7% were combined rounded
2nd irrcegular, and 85% irregular opacities. Diffuse pleural
thickening was higher in those with opacities than those
without (about 70% diffuse pleural thickening among workers
with opacities). The prevalence may be particularly high in
this group as mean latency was about 20 years.

Vanderbilt tale workers(17) witn 11-22 years exposure had an
excess prevalence of cough and dyspnea of a similar magnitute
to the Finnish anthophyllite asbestos workers.(23) The
prevalence of smsll opacities was a much lower 3%. Gamble et
al.{4) also showed an excess cough and dyspnea but reduced
radiographie findings (2% small opacities, 1% pleural
calecification, and 11% pleural thickening) among Vanderbilt

- workers compared to the Finnish asbestos workers. However when

controlling for smoking the following prevalences were observed:

Finnish Anthophyllite.

Workers(23) Vanderbilt Workers(4)
Nonsmokers 17% o%
Smokers 33% 52%
Nonsmokers 20% : 0%
8%

Smokers

20%
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Thus the Finnish nonsmokers had about 20% more cough znd dyspnea, while the
Vanderbilt talc workers who smoke had twice the prevalence of cough and the

same prevalence of dyspnea as the anthophyllite workers suggesting a smoking
effect rather than a dust effect.

The comparisons of the radiographic findings of the Finnish anthophyllite
~ _workers(23) and Vanderbilt talc workers with 15 or more years exposure also
" show differences:

> 15 years tenure

Finnish New York Talc Coal Potash
Anthophyllite Workers
= = =
Rounded Opacities 3.2 3.4 : 13.7 1.
Icregular - -
Opacities 36.3 3.4 5.3 0.7
Pleural
Thickening 16 31.0 _ 1.6 4.4
Pleural
Calcification 33 . 3.4 0.1 0

These results show that Vanderbilt talec workers with 15 or more years exposure
had a similar prevalence of rounded opacities, 1/10 the prevalence of
irregular opacities and pleural calcification, and twice the prevalence of
Pleural thickening of former anthophyllite asbestos workers.

While there are not sufficient data on the demographic and exposure
characteristics of the anthophyllite workers to asdeguately make these
comparisons, the difference are highly suggestive and do not lend credence

to the idea that the radiographic response is similar in these 2 groups. When
the talc workers with 15 er more years tenure were cocpared to coal and potash
mining populations under control for age, smoking, and tenure the only
statistically significant difference was in the prevalence of pleural
thickening. The pleural changes are not necessarily specific for asbestos,
however, as a similar prevalence of pleural changes was observed among

Vanderbilt tale and other talc workers in Montana, Texas, and North
Carolina.(21,22)

-

The question remains unanswered: Are the differences in radiological findings
_between Vanderbilt and Finnish antbophyllite workers due to differences in

~ exposure intensity, qualitative differences in the dust, difference in
methodology, or what?

c. .

b) Yew York State tales: There are several morbidity
studies (31-37) and 2 mortali‘*y studies(25.26) of other Hew
York tait workers. The 2 mortality studies are of the same
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cohort, and the results are similar. The morbidity studies are
difficult to evaluate for radiographic findings because the
classification systems used are not the same. The prevalences
of fibrotic infiltrations in the eolder studies is higher than
the prevalence of pneumoconipsis seen in the Vanderbilt
studies. There is no particular note of pleural thickening or
calcification in these earlier studies, but it is not clear
they were looked for specifically. It is not obvious therefore
that there is, in fact, a consistent pattern of pleurzl changes
among other New York talc workers, or whether there is a
similar pattern of pneumoconiosis.

The mortality study(25.23) of New York State talc workers.
suffers from defects similar to the NIOSH study: . small numbers
(12 lung cancer deaths), and no smoking data. This is a high

~exposure group with 15 or more years tenure, 15 or more years

latency znd high dust exposure due to dry drilling. There wag
1l peritoneal mesothelioma, as there was in the FIOSH study. an
approximate 4-fold excess of cancer of the lung and pleura
occurred during the years 1945-1959, but was close to expected

for the years 1960-69. The latter pericd correlates with

reduced dust (but still high "fiber™ counts) after 1945.

On the issue of lung cancer the cited studies suffer from
basically the same defects as the NIOSH study. They do not,
therefore, provide support either for or against Vanderbilt
talc as a causative agent of lung cancer. If it is to be used
as supporting evidence the similarity of the constituents
should be documented, smoking controlled for, and a
dose-response analysis performed of the other NY talc workers.

Does the occurrence of a case of mescthelioma suggest increased
risk as the presence of asbestos? Some comparative rates are
sumnarized below:




Humber of Total PME
cases of mesothelioma Deaths v
Nonasbestiform mineral workers
Vanderbilt Tale (2) 1 74 0.14
Other New York Talc (24) 1 : 108 0.09
Homestake Mine (1l4) 2 861 0.002
Asbestos Workers
Anthophyllite Asbestos (22) o] 216 0
Tremolite-Actinolite (Vermiculite, 39) 2 161 1.2
Chrysotile miners and millers
in Quebec (40) 7 3749 0.19
Asbestos Insulators - NY (40) 3 46 6.5
Asbestos Insulators (NY-NJ) (a0) 32 : 421 7.6
Insulation Construction Workers (40) 23 - 446 5.2
General Population (40)
USA - 1969 .03
Canada - 1970 .03

" ¥ebonzld(42) 3iso showed elevated risks among workers in the construction
industry (including building trades, painter, sheet-rock spackling and
building demeclitions). Risk appears to be about 2 times expected.

Between 1953 and 1969 85 cases of mesothelioma were reported to the Finnish
cancer registry. Asbestos expesures was probable in 11% of the cases,
possible in 34% and no exposure in 55%. Occupational exposure to
anthophyllite asbestos is high in Finland, yet the occurrence of mesothelioms
is low. (43}, fThere were O cases in the cohort mortality study of
anthophyllite asbestos workers.(22) The rates in New York talc workers was
low compared to insulation workers and vermiculite workers, but similar te
Canadian chrysotile miners znd millers. No worker exposed to the
nonasbestiform amphibole cummington-grunerite had mesothelioma.




-Page 12

The case with mesothelioma in the Vanderbilt cohort had worked in mines and
construction for 28 years before working at Vanderbilt, where he was employed
fer 15 years in the mine. Latent period was 17 years. (19) Latency for 2
series of workers exposed to crocidelite was 20 and 24 years(44). The
latency for mesothelioma is usually very long (35-39 years for pleural and
about 45 years for peritoneal mesothelioma.(46) The proportion dying of
mesctheliomz among workers exposed to crocidolite is quite high (~20%). It
is not clear that the case with mesothelioma occurring at Vanderbilt talc was
due to the talc because of: -short latency and possible other asbestos
exposure (28 years in construction). If the anthophyllite in the tale is to
be compared to anthophyllite asbestos one would not expect any cases.

c) Coherence: This criteria is also concerned about plausiblity,
and relates to the reasonableness in biologic terms. If
asbestos causes tumors in animals, does Vanderbilt talc produce

a similar response. There is some evidence it does not (Table
. : )

smith(27,28) nhas shown that injection of tremolitic tale from New York state
into the pleural of hamsters produced no mesotheliomas. Similar injection of

tremolitic tale from the western United States, tremolite asbestos and
chrysctile produced mesotheliomas.

Stanton et al (45) implanted particles in the pleura of rats and tabulated
the incidence of malignant mesenchymal neoplasms and examined the correlation
with particle dimensions. They found the best correlation (~0.8) was with
fibers measuring 0.25 pm or -less in diameters and Bum or more in length.

A lower correlation was observed for thicker (up to 1.5 )m diameter) and
shorter (4 1m or more in length) particles. Seven tale sample (including
Vanderbilt tale) showed either no tumors or low tumor incidence (5-7%) that

was not distinguishable from controls. Two samples of tremolite asbestos
showeq 100% tumor probability.

These studies show that long, thin asbestos fibers produce tumors in animals,
but tales and nonasbestiform tremolite from New York tale do not. Thus the

coherence criteria does not support the idea of Vanderbilt increasing the risk
of mescthelioma. "

Surmary

What then can we conclude about the carcinogenicity of Vanderbilt talc? Wwhat
is needed is a population of sdequate size and long enough latency(8). 1In
addition a dose by latency analysis should be done (but will still suffer from
small size). Smoking is a known confounder for lung cancer, and has not yet
been investigated in a case-control type mode. Other occupational exposures
(both before and after Vanderbilt employment) have nct been investigated.
While analysis for chese confounders may still not 3llow for a clear-cut
answer, if there is a clear preponderance of smoking ar other exposures that
could explain the elevated lung cancer risk, taen we may be able to better
address the quection of risk. The worst that can happen is to be in the same
situation we are in now-~unsure about . the carciavgenicity of the talec. Until
~here are more conclusive or documext~? svpporting arguments NICSH should not

tonclude that vanderbllt talc is asbestos, and that it inecreasses the risk of
Jung cancer.
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Table 1

1s New York Talc responsible for excess lung tancer?

Arzuyments: Yes No

1) Strength of Association
"Strong assoctiations were
observed between exposure to

- New York talc and increased
mortality due to lung
cancer...”(7)

This is a moderate association(if)
There is potential confounding from
smoking and other exposures, and
there could be a spurious
association due to small expected
number of lunpg cancer deaths,

"Statistically significant,
three-fold increase in...lung
cancer mortality...(6)

Significant increase in
bronchogenie cancer (9 obs vs
3.3 exp. p < .05, SMR = 270)
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Taﬁlg 1l (eon't)

Yes

"The conclusion reached in the
TOMA study that there is

*':..an inverse dose response,

i.e., higher risks of lung cancer
with less occupational
exposure...' is supported by an
analysis which simply counts the
number of observed deaths (and
not the expected number of
deaths) in each category of years
employed. Such an aznalysis is
not very meaningful”,(6)

]
I
!
|

1l
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NIOSH has done no dose-response
analysis. Lamm and Starr{(20)
presented an SMR analysis of workers
with less than 1 year and 1 year or
more employment at GTC: (gross
tenure): ’

<l yr. > 1yr. Total

O/E SHMR O/E SMR O/E SMR

Lung Ca 6/1.9 317*% 5/3.1 161 11/5 220

No
2. Temporal Relationships i
Lung canter was "observed more ]
frequently among those who had ]
- satisfied a minimum latency 1 . -
- period of 20 years than in those | This argument by itself is not
with briefer latency perieds.” | conclusive. Expected numbers are
| 1low.
Interval ]
Time Onset ]
of Employment OBS EXP SMR ]
<10 years o 0.5 - ]
10-19 3 1.5 200 |
20-28 6 1.3 460 (p<.0l) |
|
|
|
|
}
|
!
}
|
|
|
|
}
3. Bipleopical Gradient i
|
!
|
|
3
I
)
]
]

Of the 6 cases Wwith less than z years
tenure, 5 had worked in the mine: 2
for 2 months, 3 months, snd 11

months. A carpenter had worked 8
days.
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Yes

Ne

Biological Plausibility

“The findings are biologically
plausible in that...”

a2) 'anthophyllite fibers were
unequivocally identified in the
dust to which workers were
exposed., " (7}

"Mineralogic analyses...demon-
strated that talecs from the THX
mine contain fibrous/

. tremolite.(6) McCrone and Mt.
Sinai School of Medicine found
5-15% anthophyllite fibers by
weight(7) and anthophyllite was
identified a&s an important fiber
contaminant in a previous
report.(18), since asbestos
causes lung cancer, the strong
association of excess risk of
lung cancer and presence of
asbestos for the tale suggest the
association is causative.

b) "...and the increased
prevalence of pleural disease is
a marker of exposure to asbestos
fivers" (7} 5

.
'0

c)”and is consistent with the
findings in published
epidemiologic studies of
anthophyllite miners and '
millers™(7) in Finland such
as ref, 23, 24. (See also
consistency criteria for other
NY tale studies(25,27),
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This is contes:ted:
£ issue {1

See discussion

Tale from the Vanderdbilsd mine
contains non-fibrous, nonasbestiform
tremolite and
anthophyllitecls-l3'l7)

Increased prevalence of pleural
thanges have also been observed in
other tale workers with no known
asbestos exposure, and the
prevalence of pleural changes show no
apparent difference between talc
exposed populations.(21,22)

Mortality study(23): The BR of

lung cancer was 17 for asbestoes
workers who smoke, and 1.4 for
non-smoking asbestos workers (21 lung
cancer deaths);”...even though one
half of the workers with exposure
lasting 20 years or more died from
lung cancer, it iz too early to -
draw any far-reaching conclusions on
the-associstion of malignancy and
anthophyllite esbestos exposure in
Finland.” 35 of 248 casas hed
asbestosis; only 8 of the 35 had lung
cancer at the time ¢of desth, less
than the 1/2 reported in other
mortality studies of asbestos
workers. (23) )

In a cohort mortality study(24) of
other New York talc workers lung
cancer SME for males and females was
2.23 (n=13) and 0 (n=0)
respectively. Asbestosis was 20/0
ard 5/0; respiratory disesse

2:/8.9 and 7/1.2. There wWaE no
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Yes

Yo

5.

"Ref. 251

Consistency

*...results of the NICSH studies
are consistent with the large
body of published epidemioclogic
data concerning respiratory
effects of New York talc
exposures.”(7)

Ref. 26: PMR for lung and
Pleura cancer was 11/3.2 (344)
end inc. in 60-79 year age group
{15+ yrs exposure prior .to 1965).

(Added 5 yr follow-up

to Ref. 26) PHMR for Resp Cancer =
12/73.7 (324). -
Ref, 27: (Vanderbilt): 39 men

with >10 years exposure; 3-fold

excess dyspnea compared to local
controels and 2-fold excess cough;
1/39 with pneumoconiosis; compared]
to 35 tale workers at a different |
Plant: 13-fold excess of {
pneumoconiosis, 1.6 fold excess I
cough, 2.5 fold excess dyspnea, |

I
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I

4.5 fold excess lung crepidations |

among "romparative (non Vanderbilt)|
talc workers.

\
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Tzles within the Gouveneur mining
district are quite varied.

Farlier studies are of these
different mines, and dust levels were
quite 2 bit higher than at
Vanderbilt, at least prior to
1946.(23) since the tale

has not been well

characterized, there was no control
on smoking, and exposure was quite
high, the relevance of the earlier
studies is not clear. They do show
that at high exposure levels there is
increased pneumoconiosis. The
effects on morbidity (PFT, symptoms)
are nonspecific and cannot be
necessarzly attributed teo asbestzform
particles even if present.
Radiographic findings are
characteristic of dust exposure, but
are not a clear cut response to
asbestos.

Average increase of 14.6 years
exposure prior to wet dziller (1%46)
when mine dust counts dropped 90
times and mill average 5 times.
smoking information. Talc not
described (but said to contain
tremolite and anthophyllite
asbestos. (25)

Ro

Ne dose-response or latency analysis:
Excluded all with <15 yrs exposure.

Low exposures compared to pre 1946
exposures in(25) ana (26);
prescence of pneumoconiosis
unlikely”

C -



Yes

No

6.

Coherence

Intrapieurzl injections of
chrysotile, amosite, anthophyllite
asbestos, asbestiform tremclite, znd
erocidilite produce pleural
adhesicns and "mesothelioma in
hamsters, while Vanderbilt talce
producec very little fibrosis and
no mesothelioma.(28,29)

Implants of tremolite asbestos in the
pleura of rats preoduced neoplasms
while talec implants did not show

any deteciatTe-increases above
controls. (45)



Table 2

Estimated Exposure of Lung Cancer Cases, identified at Vanderbilt
Tale (from Ref. 19)

. . . . Date of Years Avg (high)
Case Job Location/title Hire Exposure x fiber/ce = fiber-yeass
1 Mine/Hucker 1948 .21 5.6 (1l4.6) 1.2 (3.1)
2 Hine/blacksmith

and welder 1948 2.8 2.6 (4.4) 7.3 (12.3)
3 Mine/mcker 1948 0.2 5.6 (14.6) 1.1 (2.9)
4 Hine/mucker 1948 0.9 5.6 (14.6) 5.0 (13.,1)
5 Mine/blacksmith 1948 0.25 2.6 (14.4) 0.7 (1.1)
6 Carpenter 1948 0.02
7 Mine/mucker, Eimco 1949 3.8 5.6 (14.6) 21.3 (55.5)
8 Mill/machinist 1949 0.03 1.8 (3.6) .05 (.11)
9 Mine/mucker, driller 1950 2.5 4.3 (10.7) 10.8 (25.8)
10 Milil/variety of jobs 1952 17.5 7.9 (26.8) 13B.3 (469)
11 Mine/mucker, Eimco

scraper 1956

o
[+ ]
w0
wvr
a8

(14.6) 94.1 (245.3)

Calculated cumulative fiber~year exposure estimated by multiplying average
"fiber” exposure for job (from Tables A-1 and A-2 in Ref. 2) times years spent
in that job. For Example:

Case 1: . Tenure as a mucker in the mine was 0.2 years.

Average TWA exposure for mucker was 5.6 fibers/cc (highest
values was l14.6)

Since there were no value for mucker, the average value for
trarmer was used.
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3793 SOUTH HIBISCUS waAY
DENVER,  COLORADO B023?

June 28, 1982

Mr, honrad C. Hieger )

. T. Vanderbilt Company, Inc. = .
30 ¥infield Street s
Norwalk, Conn, 06855

Dear {r. Hieger,

Enclosed are nmy comments on ithe Critigues of the LT05H
study. I did not vrepare anytihing on the Conclusions or
abstract since this would lLhave been repetitive. I have
also enclosed several "papers™ I believe relevant and which
I refer to in my comments. I fear the Toma study suffers
Tron small size of the cohort in the same way as the LIOSH
report. ficDonald has a comnment as to most all evnidemiology
studies looking at low exposure groups. VWhile at this tine
I think there is evidence that exposure to talc at high
enouvph levels will cause pleura and pulmonary fibrosis, the
available data regarding carcinogenesis is not that con-
vincing. VWhether fibers as well as non-fibrous narticles
nlay a role is unknown, though the latter do anpesr to play
an etiologic role in fibrosis. To say that the causative
agent is "asbestos" in the true meaning of that vword does
not seem supvorted, though I am not qualified to pass
judgnent on the nineralogical identifications.

If tliere are queries regarding these conomeuts, please do not
hesitate to make then.

Cordially yours,
%Q (AR e=

George V. Vright, M. D.
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Comments regarding the Critique of "lleview of lealth Effects, ete.”

On balance, the majority of the specific points reised in the critique
scen tenable. I derived the impression that they were ainmed primarily
at the LIUSH contention that any excess of biological cvents is re-
lated to the prescnce of "asbestos" fibers. Given the aimost mission-
ary zezl of LIUSH and others with regurd to asbestos exposure, it is
probably underswundable that they as well as some other nore careful
scientists would pgravitate to the view that fibers they bLelieve are
identified as "asbestiform" present in some of the talc deposits and
products nust be the cause of the biological effects observel. A4is a
non-minerslogist, I cannot judge the merits or dispute whether or not
"asbestos fibers" have been or are now present in tale., I can under~
staind tlhe inportance of the controversy since the term "asbestos" has
such vwide-spread adverse comnnotations. Ievertheless, it uppears that
fibers of some Lind are present and these alonyg with other particles
must be cdnsidered as possible etiologic agents.

Several points seen to me worth mentioning. First, in the milieu of
true asbestos exposure, it is assunmed that the bulk of tlhose particles
having the shape of a fiber are in fuct asbestos. The regulutors‘are
interested in tlie concentration of these fiber-sheped particles that
are of a size to be respirable. They are not iuterested in the minera-
logical definition of asbestos since all the fibers have been and are
assumed to be asbestos in a clear-cut, lauown exposure ‘o asbestos pro-
duction or use. To carry this attitude into another setting (talc)
could be an important and serious error or misconception. I believe

it is proper, at least for clarity of thinking, to require better cri-
teria than siuple size and shape of particles if the term "asbestos" is
to be used in an operation other than true asbestos.

The second point is of a biologicul nature. There is strong evidence
that durable varticles of diverse chemicul make-up but having a "fiber"
shape are biolorically active if they are thinner than l.S'micrometers
and longer than 10 nicrometers. All durable fibers in this size range
regardless of their chemnical or physical characteristics are suspect of

beiny fibrogenic und carcinogenic until shown to be free of this effect.

t
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assume that duruble, non-asbestos (mineralogically defined) fibers

in this size range are inert vouldl seem to me to be uureasonalle.

In o setting wvhere non-asbestos fibers of this size range are present
and adverse biolaopgical effects have been shown to ocecur requires sone
speciflic cvidence thai such fibers are actually innacent.

The above conmnment brings we to the third point. In the tulc setiing,
us vell as in the true asbestos exposutre setting, resﬁirable particles
other than fibers are always preseunt. The possibility thut these may -
be responsible, alone or in combination with fibers or other agents,
nust be strowngly considered for any demonstrated biological effects of
the total exposure. This is a point which I believe you quite correctly
raised with me. Kleinfeldt, Yorro, and alsco Gamble, have suggested
this possibility. The latter did so because of the thicliened pleuras
seen in lontana talc workers, dJ, C, Wapgner, et al, have clearly
demonstrated severe nulmonary fibrosis (pncumoconiosis) produced in
rats expoﬁéd via inhalation to Italian tale, reported to be free of
asbestiform materials, I would have thought the possibility, if not
probability, that the pneumoconiosis (talcosis) and pleura thickening
seen in talec exposed persons was unot caused by asbestiform fibers but
actually by the non-fiber particles would have been discussed in detail
by LICSH in their literature review,

A fourth peint. To aseribe the biological effects of tale to fibers
should take into consideratiou the dose of these fibers. This is
especielly true if the analoygy of true asbestos exposure is to be uti-
lized. Vhile the actual fiber levels of talc exposure over the past
years canuot be determined accurately, on the basis of known exposures
in asbestos vworkers the former (talc) must have Leen far lower +than

5 and longer than

the latter, especially those fibers thinner than 1.
10 micrometers. To use the analoygy of true asbestos exposure would
require evidence of, pertinent size fibers in the talc exposures that
have equuled or exceceded those where biological effects of true
asbestos have been observed. Of course, the effects may be due to a
combined fiber und non-fiber influence. In any event, none of this
wvas Jdiscussed in the LIGSH health effects review even though the

authors must have becen fully aware of the critical influence of "dose".



In the critique, the issue of prior exposure Vo potentially harmful
dusts wus rulsed as a possible explanation for thickeining of the
pleura, pulnonary fibrosis, and for the nodest excess of bronchogenic
cancey reported by some. ¥%hile such possibiiities do exist, there
are certain requirenents that must be met. The actual length and
specific nature of the exposure, the age over which expusure occurred
and the lapse time nust be kncwn, This is rarely avuilable. There
is considerable iinowicdge about other agents to which workers are ex—
posed. Silicosis may develop {especiully in exposures 30 or more
vears ago) in nminers of other nmaterials, actually, to ny kuovledge,
virtually all nines - and especially St. Joe ilinerals Zinc line -
have operzted since 1940-45 at levels of silicé that do not cause
silicosis. Moreover, the radiographic appeurance of silicosis is
clearly different from the diffuse, ianterstitial fibrosis of talcosis
and no radEOgruphic evidence of thiclkiened pleura develops. lieither
iron or zlnc miniug, or exposure to silica, has been shown to be
carcinogeiiie, A British iron nine vhere radon dsughters were very
Lhigh is an exception. To allege prior exposure as the cause of the
biological effecis reported in the talc populatious is in my judgment
very weak and would require far more specific datu and validation thun
is available. ’

The point was raised in the critique (p.lG) that excess of broncho-
genic cancer occurred in the 60-79 year age group rather than 40-59
for asbestos~exposed workers. This may be explained by dose relation-~
ships. In some animal models, 1t has been shown that higher dose
acce#lerates the onset of cancer occurrciice. I believe higher cumu-
lative doses of fibers occurred in the asbestos exposed populations.
I am enclosing the VWagner study in which he reports fibrogemnesis in
rats and also another study regarding human experience that has some

value with respect to vhether or not talec might cuuse nmesotheliona,




Connents regarding the Critique: "Cross Sectionul fiorbidity Study”.

I 2agree in substance vith the points raised in this section but wvould
like to make sone comments aubout them.

The choice of a condrol populaticn must addaress ihe nquestion to which
the research study is directed. If the question is, "are there
evidences of aliered health (worbidity) arising out of exposure to
tule"?, it is nonsense to counpare the exposed population to another
porulation exposed to another kind of dust. This is'iarticﬁlurly in-
aprropriate when serious alterations are known to have occurred as a
result of such other dust exposure, as is the case with coal and asbestos
The control group responsive to the question is one that is age and
snowing matched but without kiown occupational exposure to dust, gases

or fumes. Such populations are available though the matching with re-
card to cigarette smoking mayv not be exact. Lven betier is the use of

an age-matched, etc. group living in the same community. A comparison

of the findings in a group of talc-exposed to groups exposed to other
dusts <oes have validity of a specifie kind if pronerly doune, The
question being looked at is vastly different howvever. The question in
thet case has nothing to do with whether or nov a specific dust cloud

is or is not hazardous to health. Instead, the quesvion being addressed

is one of comparative severityv of health effects. It has nothing to do

vith etiology. To couclude that since the health effects of iwo differ-
ent dusts are similar, the etiOIOgiE agent rust be the same, sinply
makes no scientific seunse.

Further, as you have noted, a conparisou of health effects of different
dusts requires the evidence that other confoundiung influences such as
cigarette smoliing, personal hygiene, living couaditions, etc. are held
constunt. o evidence is wuresented in this study thet these variubles
were in ract adjusted for. VWe are asiied to believe that cigarette
smokiug as to quantity, intensity, (coalworkers cannot smolke underground,
hence the intensity pattern may differ from tale vorkers) tar, etc.
content were the same. What is the evidence for it? I have the im-
sression that the authors of this study tool: the easy vay out. They

already hud data for coal and potash workers and did not want to do

Fi . . ) . . -~ - A - -




tuey should Rave conpared %alec workers to the dute available from
the general public, ete.

I would emphasize the author's own self-criticism regurding
structuring cumulative exposurcs (see lines 18 to 21). The use of
curreat neasurenents in retrosnective estimates of cunulative ex-
nosure over tiie »ast years flies in the face of all that is kuown

about efforts to control dust currently and in the puast.
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Comments regarding the Critique of: "ketrospective Cohorv of llortality®

I have no disugreement with the points mede in this critique except to
raise a question about the Toma study referred to in combentis regurding
line 24. 4s indicated earlier to you, I did not see in this study the
age spread of those with and without prior vccupationul exposure. I
suspect the age of the latter is substenticlly less and hence the wctual
number of cuncers of the lung that will*develop at an age conparable to
the group having prior exposure is unlknown at present. )
I would like to nale some additional comments regarding the LIGSI study.
Some of these points have been raised by you.

The size of the cohort under study is snull by any stondards. This is
especially so if one removes the approximately 200 vwho vorked less than
a yeur, In fact, only 100 worked for 10 or wmore vears., Several con-
struints are imposed by these small numbers. Tirst, lzchking reusonable
knowledge of enployment elsewhere, either before or after, casts great
doubt on aéérihing their heaith experience to tlie enmwlovnent st this
particular! operation, Second, if you remove those having vorked Tor
less than one year, the cases of Dbronchogenic cancer drop to 4 and only
one occurred in those employed 10 or more vezrs. These numbers are
really too small to be useful and should not be considered in a scienti-
fically competent study., Third, if an "asbestifora materizl™ is to be
Llamed as the apgeut, it would uppear to be far nore carcinogenic then
true exposure to chrysotile asbestos since licDonald found no excess of
bronchogenic cancer at levels of asbestos exposure cousicderably higher
than that reported by xIOSH. #McDonald found no evideunce of excess
bronchogenic cancer in a large population (1904 persons) exposed for

20 or more years to chrysotile at about 20/f/cc. Using the I-il rather
than Light liicroscope, as was done by IOSH, this would estimate at
about 1600-2000 f/cc. The talc "fiber" exposure using the I~ scope,

as reported by LIOSH in Tebles 6 and 7, was a swall fraction of this
level. They quote Seidman, et al, (72) as showing an elevated risk
after short exposures. Yirst, Seidman, et 2al, did not inow totul life-
time exposures. Second, though reported as bLrief, the exposures wvere
very severe - as attested by the large iiumber of asbestos fibers found

in the lung tissue und by what was kuown about that particular "wartime!
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One further point. Pulmonary fibrosis uppesrs to develop at lower
levels of usbestos fiber exposure thzn does excess brouchogenic cancer.
If ihe cancers in the talc exposure vere truly related io asbestos, I
would have expected iore radiogruphic evidence of fibrosis thwn was
demonstrated in this study.

4s to the deaths seid to be due to 13D, one is ut o comnlete loss to
mow liow to evaiuate tuen since actuxl causes of death are not given.
also, the total occupational histories are unknown. Given the chance
for erroneous dizcgnosis on death certificates, large'numbers in the
coliort are essential. This is esvecially true in regions where work-
nen's compensation claims are un important custom.

To summarize this section, I do not believe the NIGSH report would
Pass peer review in 1its present state in any of the scientifically

discriminating Journals.




W, CLARK COOPER, M.D.
2150 SHATTUCK AVE. — SUITE 401
BEAKELEY, CALIFORNIA 94704

PHONE" 1315) B45.3355

October 4, 1982
WCC 3254

Mr. Allen Harvey

Director of Environmental Affairs
R. T. Vanderbilt Company, Inc.

30 Winfield Street

Norwalk, Connecticut 96855

Dear Mr, Harvey:

In lipe with your request, I have reviewed the critique of the NIOSH
technical report, "Occupational Exposure to Talc Containing Asbestos,” DHEW
{NIOSH) Publication No. 80-115, dated February, 1980. In connection with this
review I have again read the major reports to which the authors refer, and
have also reviewed the report from Tabershaw Occupational Medical Associates
(TOMA) published in 1982, and the NIOSH criticism of that study. The last
will be the subject of a separate letter.

While 1imiting my comments to the material above, with emphasis on the
Vanderbilt critique, I have attempted to relate my review to what appear to be
the principal guestions at issue:

1. Which, if any, commercially-developed talc deposits in the United
States contain fibrous minerals which should be called asbestiform
minerals or asbestos?

2. In the mining and processing of talc from these deposits, are there
airborne concentrations of asbestiform minerals sufficient to be
hazardous to health? ~

3. Does the mineral talc exist in a fibrous form, and if so, how should
this be defined? Is there any justification for calling such
particies asbestiform?

4. Can talc, in the mineralogic or in the commercial sense, produce
chronic health effects in the absence of asbestiform components?

5. Does the morbidity experience in the GTC mine and mill in New York
differ from that in other New York talc operations, or from talc
operations in Vermont, Montana, Texas, and North Carolina?

6. Is there an excess of deaths from non-majignant respirtaory disease
(specifically pneumoconiosis) or excess lung cancer in individuals
whose occupational exposures have been confined to those at the GTC
mine and mill in New York?

The evidence bearing on the foregoing questions falls in several
categories. Although these are not all equally developed in the NIOSH
Technical report and will not all be discussed in detail in this review, they
are listed as a quide to orderly consideration of the questions at issue. The
categaries are as follows:




2. Characterization of the shape, diameter, and lengths of particulates
obtained from source materials, products, and samples of airborne
dust for comparison with commercial asbestos known to be hazardous to
health.

3, Measurements of the airborne concentrations of talec, silica, and
fibrous particulates to which workers have been exposed.

4. Studies of morbidity, in which symptoms, signs, radiographic
findings, and pulmonary function are compared with controls and
comparisons are made between groups from different talc-mining areas.

5. Epidemiologic studies of mortality, with comparisons of groups from
different talc-mining areas. '

6. Studies of the pathologic findings in individuais with exposures in
various talc-mining areas.

7. Studies in experimental animals.

The NIOSH Technical Report under review concentrates on a study of a
single operation in St. Lawrence County, New York, but draws upon a
heterogeneous mass of published literature. It unequivocally concludes that
there are biclogically significant amounts of asbestiform minerals in the
deposit, the product, and airborne dust. The talc js referred to as
containing asbestos, and it is stated that this has produced an excess of lung
cancer and radiographic abnormalities in the workers. The results are
contrasted with those in Vermont talc workers who are described as having been
exposed only to "non-asbestiform” talc. The R. T. Vanderbilt critique, and
the report of a study of workers at the same plant by TOMA, conclude that the
NIOSH conclusions are not supported by the data. NIOSH in turn has prepared a
rebuttal to the TOMA criticism which supparts its original conclusions,

I agree with the basic thesis of the Vanderbilt critique, although there
are a number of areas where I would modify the tone or delete criticisms which
are either not of major importance or which appear argumentative. In addition
to a literature review, there are three principal sections in the NIOSH
technical report describing new studies: one dealing with environmental
aspects, one covering a study of morbidity, and one reporting an historical
prospective study of mortality. Of the three, the section on morbidity is
most carefully written and supplies more information for independent review,
The section on environmental studies suffers from a lack of mineralogic
expertise and a consequent inconsistency in strict definitions and criteria
for mineral and fiber identification. The mortality study has a tone of
advocacy rather than scientific inquiry.

This report will use the Vanderbilt critique as a primary frame of
reference in reviewing the topic. This will be done, section by section.

Abstract (pp ii - iv). I agree in general with the Vanderbilt critique
of the abstract. The Tatter was carelessly written in view of the areas of
disagreement. I would not have belabored a few of the points, such 3 metal
carcinogenesis., I think it important to emphasize the fact that thore were
pleural changes in Montana, Texas and North Carolina similar to those in New
York workers, contrary to the last sentence on page iv of the NIQSH report,
", ..exposures to such talcs are associated with an increased rick ~f
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contradiction between the first line of the abstract, which describes the
study as one of "talc miners and millers in upper New York", and the last
sentence on page 2 of the introduction, which describes it as a study of "one
mine and mi1tl". A third very important point is the false statement on page
iv {Tines 5-9) that the time-weighted average (TWA) exposures to asbestiform
minerals {anthophyilite and tremolite) were found to be in excess of present
U.S. Occupational Safety and Health (OSHA) and Mine Safety and Health
Administration (MSHA) occupational exposure standards. As will be pointed out
under discussion of Industrial Hygiene, this misrepresents the facts.

Introduction {(pp 1-2). 1 defer to the mineralogists for comments on the
critique re Tines 5 and 16. The comment in the critique re line 18 regarding
delineation of "latent disease manifestations” is a statement of the obvious
and cculd well have been omitted from the critique. The errcr in the original
NIOSH statement was the assumption that there had to be “latent disease
manifestations" associated with the work environments. The comments regarding
line 25 are too detailed to apply to an introductory statement as to study
design. Again, it is proper to criticize the expression "latent disease
patterns” which has no scientific meaning. The comments on line 31 are
entirely appropriate.

Page 2. Line 1. I have no comment. Line 6. Again, I leave the
detailed mineralogic controversy to the mineralogists. [ would not have
inciuded the last sentence regarding malignancy. Kleinfeld et al did mentien
this fact, but if they were correct in stating that the longest period of
employment or elapsed time observed was 22 years, it was realtly a bit soon to
make any statement regarding a population of 39 workers.

I again would like to call attention to the last sentence on page 2,
which defines the scope of the study to be reported: “"the present study
restricts itself to that one mine and mill reported by the company to be
producting nonasbestiform talc®. This contradicts page ii of the abstract and

-the statement in paragraph 2 or the letter from Jay Beaumont (signing for
David Brown) to Dr. Tabershaw on December 29, 1981, which states "The TOMA
study attempts to assess the association between the risk from mortality and
employment {or exposure) specifically at the R.T. Vanderbilt plant, whereas,
the NIOSH mortality study concluded that one can only assess the association
between mortality and exposure to talc in the area of Upstate New York”.

Description of facilities studied. No critique available.

Industrial Hygiene Study (pp 5-10). The Vanderbilt critique of this
section is excellent. 1 agree with its criticism of the confused and
unscientific use of words 1ike fiber, fibrous, asbestiform and asbestos. The
mest disturbing feature of the section, however, was the way dust
concentrations based on phase contrast Tight microscopy and scanning electron
microscopy (SEM) were handled in the New York study. Counts based on the
former technique were reported as though the elongated particles in question
were unequivocally fibers. For example, on page 7, line 30, it is stated,
"TWA expasures to asbestos fibers greater than 5 um in length exceeded 5
fibers per cc for three of six job categories sampled in the mine and fnr A Af




The authors certainly must have known that the foregoing was unjustified,
Instudies of Vermont talc operations (Boundy et al, 1979), co-authored by
Dement and published a year earlier, parallel counts by Tight microscopy and
SEM had resulted in great reductions of so-called fiber counts. Whereas by
light microscopy 9 of 15 counts had been reported as exceeding 2 fibers/cc
Tonger than 5 um, the SEM counts ranged from O to 0.8 fibers/cc longer than 5
um, The authors attributed these lower counts to the ability of SEM
examination to eliminate rolled talc particles and talc shards. It is strange
that this possibility was not mentiored in the New York study, where table 5
lists airborne concentrations for all Tengths of "positively identified
fibrous amphiboles® as ranging from 9.5 to 70.6 fibers/cc by SEM, with only a
minor caveat in the text stating these counts were far in excess of those
obtainad by light microscopy becausz of the inclusion of short fibers. From
table: 3, 3 and 13, however, one can estimate how few of the particles seen by
SEM could have been detected by optical microscopy and how very few of these
could have been over 5 um in length. Fibers counted by SEM had median
diameters of 0.13 and 0.19 um. {By light microscopy, counting below a diameter
of 0.5 um is uncertain.) Median Jengths were 1.4 to 1.6 um with over 90%
shorter than 5 um. The data presented do not permit transiation of the SEM
figures into concentrations relevant to commercial asbestos standards, since
these are limited to particles greater in diameter than 0.3 or 0.4 um and
longer than 5 um. It should be pointed out, however, that the Vermont SEM
"fiber" counts were very low, even though the length constraint was not
applied.

1t is highly improper for NIOSH to present SEM fiber data in this way and
to imply any relationship of such concentrations to the 0SHA standards for
commercial asbestos. The latter were derived by NIQSH and DSHA from
epidemiologic studies based on phase contrast light microscopy in situations
where the dusts were known to have been largely commercial asbestos. Entirely
different and much higher standards would have to by formulated for SEM fiber
counts.

For the foregoing reasons, I support the critique relating to page 3 and
amplification of the subject in the critique of page 8. Your reviewers caught
the evrovs on lines 34 and 37, page 7, and in table 9, columns 2 and 4.

I have no comment on the critique re page 9 and 10.

Section on review of health effects. In my opinion, the critique of this
section is for the most part correct. The Titerature review adds to the
confusion regarding the health effects of talc and the various minerals,
fibrous or otherwise, which may be present in commercial talc.

The section lumps studies which antedated modern methods for mineral
identification and particle characterization, and uses terms like "asbestos",
"asbestiform”, “"tremolite”, and "anthophyllite" indiscriminantly. "t
therefore provides no literature base applicable to the report's ti-7p:
"Occupational exposure to talc containing asbestos™, or to the heading of the
section: "Review of heaith effects from exposure to talc containing
ashestiform and associated minerals”. There is ng need ta helahnaer +n onios




This uncritical review does not help in solving the questions. A review of
the page-by-page critique follows:

Page 11 -- The first paragraph of the critique correctly calls attention
to the misleading title and the inappropriateness of many of the references.
1 was unable to find the source of the statement about “prior accusation of
New York State talc being the only industrial talc contaminated with
asbestiform minerals”.

The second paragraph is a valid criticism. Massive inhalation of talc by
children is utterly irrelevant.

The subsequent criticisms are accurate, but criticism of the small number
of positive cases must be tempered by the relatively few taic workers (10 or
57) and slate workers (13 of 79) who had been emploved for over 15 years. The
dust exposures were of course extraordinarily high.

Page 12 and table 14 -- Table 14 is incorrectly captioned, since, for
many of the groups included, there is no evidence in the reports that there
vere any fibers involved. I have not reviewed all the papers in detail in the
interest of time, but consider most of the questions raised by the critique to
be appropriate.

Page 13 -- I agree with most of the comment about the Kleinfeld, Messite,
and Tabershaw report {reference 46). The statement about mesothelioma in the
¢ritigue, however, is a 1ittle misleading. The authors did not attribute this
tumor to tremolitic talc; in fact, at the time of the report in 1855, the
association between commercial asbestos and mesothelioma was not known. The
cause of death was obtained from one of the iisted sources, not all three.

It is not necessary to be too defensive about mesothelioma and its
diagnosis; certainly diagnosis without a complete autopsy is uncertain, but
-overdiagnosis prior to 1955 was unlikely. More importantly, other exposures
to commercial asbestas would have to be ruled out. It is also important to
remember that 15 to 20% of mesothelioma cases cannot be shown to have any
known association with asbestos exposures. Therefore, one case cannot be
given much weight.

Page 14 -- no comment.

Page 15, line 8 -- Although the point is not relevant to the main issues
at stake, it is improper to criticize the report's statement that the findings
of dyspnea were similar to the ones observed in anthophyllite asbestos workers
in reference 47. It is literally true that the prevalence of dyspnea in the
study by Kleinfeld et al (reference 11} and that found by Meurman et al
{reference 47) were nearly identical, and both took smoking into account. The
first study showed 23.1% in talc workers and 7.3% in controls, the second,
19.9% and 6.1%. The relative ratios were thus 3.16 to 1 and 3.26 tg 1.

Page 15, line 16 -- The criticism of the paragraph on short sub-liaht
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studies very selectively. Reference 48 is of course inadequate in terms of
its exposure history and description of lung particies.

I would omit the third paragraph on the second page of the Vanderbilt
criticism of line 16, which reads "In order to substantiate their belijef that
particles below 5 um in diameter have been considered most harmful, a 1938
reference was cited”. This refers to diameter, not length, and this point is
not at issue. Sayers' report in 1938 was a general discussion of "Harmful
Dusts” and correctly stated that particles under 5 um in diameter were in the
respirable range and therefore more harmful than larger particles. The next
two paragraphs of the critique also should be omitted as arqumentative and
non-contributory.

The remaining comments on page 15 are acceptable in my opinion.

Page 16 -- There were no comments in the ritique on this page, which
continued a discussion of the Finnish experience with anthophyliite asbestos.
I cannot agree that this is totally irrelevant to the main thesis if it could
be demonstrated that appreciable numbers of anthophyllite fibers in the size
ranges found in Finland occurred in talcs. The important fact is that this
has not been demonstrated.

Mortality Studies

Page 16 -- Although NIOSH was uncritical when summarizing the Kleinfeld
studies, [ think it is improper and unwise to criticize the actual studies
severely. Studies of proportionate mortality have their weaknesses, but
ratios of 3 or 4 between observed and expected percentages can rarely if ever
be explained by differences in smoking pattern or prior employment status.

The high proportion of deaths due to pneumoconiosis (30.7%) in the 1967 report
(reference 6), and 26.9% in the 1974 report {reference 5) would have had the
effect of lowering the preportion of cbserved deaths due to cancer. The
-explanation for the majority of lung and pleural cancers having occurred in
the 60-69 year age group rather than the younger ages as seen in asbestos
workers and Finnish workers exposed to anthophyllite asbestos could be the one
suggested by Kleinfeld et al, i.e. that the carcinogenic potential of talc and
accompanying minerals is less than the other substances named and manifested
by a longer latent period. This, coupled with evidence for very high dust
concentrations prior to wet drilling, would suggest a weaker carcinogenic
potential for talc-associated exposures, but not lack of any effect at all.

Although the excess of gastrointestinal tract cancers was not
significantly elevated in Kleinfeld's study, there was a slight excess. It
should be remembered that in commerciai asbestos workers, the excess from
cancers of these sites is relatively modest, in the order of a two to
three-fold increase.

In my opinion, the NIOSH report was justified in its questioni~z any
conclusions about the number of cancers in the 1960-1964 pericd. [t is
incorrect to draw conclusions about the two lung cancer deaths out of 17 total
deaths in this period.




Page 17 -- The critique's statements about tremolite talc are thoroughly

Just1?1ed.

In conclusion, I agree with the overall appraisal of this section ; it
appears to create confusion deliberately. This is reminiscent of the infamous
Homestake mine study.

Crass-sectional morbidity study (pp 19-27, 55-74). The most serious
deficiencies in this portion of the NIOSH report are the failure to mention
the study of talc workers in Montana, Texas, North Caroline and Vermont, and
the attempt to make dose-response relationships based on "fiber/cc-years® of
exposure.

For the most part, this section is an exercise in overinterpretation of a
relatively small data base. Comparisions with coal miners and potash workers
is an interesting exercise, particularly if the studies were done by similarly
trained teams using similar criteria and equipment. One is right in handling
any comparisions cautiously, in view of many variables, inciuding geographic
and weather differences. 0No mention has been made of ethnicity and the lower
normal pulmonary function of blacks.

Since pleural thickening was the most striking radiographic finding, more
attention should have been paid to a description fo what was seen. Grade 1
pleural thickening is defined as being thickening up to 5 mm thick and not
exceeding one half of the projection of one lateral chest wall. At this
level, there are considerable variations between readers, as thickening can be
simu]ated in postero-anterior films by fat or muscie shadows. Since talc
workers and asbestos workers are reputed to have this radiogrephic change, any
readers in any epidemiologic study bearing on this point should not be aware
of the work history. Control films of non-exposed workers should be included.
Nevertheless, [ am not prepared to discount that there is excess pleural
thickening in the eseveral populations of talc workers, since the differences
reported were of considerable magnitude.

Page 19 -- As stated before, the comparisons with coal and potash workers
are not completely unwarranted, but those with chrysotile and anthophyllite
asbestos workers, etc., as well as those with synthetic textile mill waorkers,
are unjustifiable in view of differing criteria and techniques. Tables 24 and
25 should never have been published.

Page 20 -- These comments are valid except [ would rot c}aim that the
difference between 3.3% and 1.1% of irregular opacities was significant, based
as it was on 4 and 1 cases respectively. It is imperative to show the numbers
of individuals with unilateral and bilateral thickening as well as any that
had grade 2 or grade 3 thickening. The comments re page 21 are excellent, as
are those on page 23. With respect to page 25, | wouldn’t overplay “inor
criticisms of the handling of the pulmonary function data, which s s little
of major concern. The comments re page 26 are acceptabte. The cermnent
regarding line 5 on page 27, while true, is non- rontributorv, since there 1is
no reason to believe that cond1t1on5 51m1]ar to those in (zechosiovakia evicr
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In my opinion, table 26, with its limited 1iterature review of pleural _
thickening in workers exposed to "asbestos,” is another example of jumping the
gun from talc to fibrous particulates, to asbestisform minerals, to asbestos.

Retrospective cohort study of mortality, pages 29-32, 76-81. The
Vanderbilt critique of this portion of the NIOSH repert is well-prepared and
almost entirely correct. NIOSH has not followed guidelines that have been
recommended by 0OSHA for occupational epidemiologic studies, so evaluation is
difficult. For example, tests used for statistical evaluation are not
specified. Insufficient information is given on many points, so0 that
independent analyses are impossiblie. One wonders what tables were prepared by
the authors and discarded because they did not support predetermined
positions. There are several questions invelved in interpreting the New York
study. First, was there truly an excess risk on lung cancer and non-malignant
respiratory disease? If so, was this attributable to exposures during
employment at the GTC mine and mi11? If the latter was so, was this due to
exposure to asbestiform minerais?

With respect to the first guestion, the fact that there were 10 observed
deaths form lung cancer with 3.3 observed is fairly strong evidence of an
increased risk; i.e., 2.73 times expected or an excess 173%. [1f the NIGSH
group had proceeded from this poing with the wisdom of those who drafted the
report of the Vermont study, they would have provided useful information.

The relationship to employment at the GTC mine is clearly not established
by the study. The large proportion of the Tung cancer cases with very brief
emplayment periods is very important. It cannot be glibly explained by the
extreme carcinogenic potential of something to which workers were exposed at
GTC. This has not been a characteristic even of commercial asbestos.

The significance of brief employment seems more likely to be that it has
created opportunities for employment in other jobs -- at least 3 cancer cases
had talc employment prior to GTC and one had been in construction work.
However, there were also prolonged opportunities for significant exposures
after leaving GTC; i.e. 29, 23, 22, 22, 20, 20, 13, and 10 years for 8 of the
10 cancer deaths. Only two deaths from lung cancer occurred in men who were
still employed, despite the fact that 9 of the 10 deaths occurred at
pre-retirement ages. This is not consistent with an in-house hazard uniess
turnover was extraordinarily high.

The contribution of smoking to the excess lung cancers is hard to
estimate. The authors are correct in stating that a true SMR of 273 cannot be
explained by smoking unless smoking patters were widely disparate. While
blue-caollar workers tend to smoke more than average, and therc 1s information
to support a heavy smaking pattern in New York State, it is not likely to
explain the observed difference. The fact that there was an upward trend in
cancer mortality with increased years since joining, beginning work at TMX,
does not disprove the smoking contribution, as a population with an excess
smoking pattern will also tend to show an increase of lung cancer with
increasing cumulative pack-years and age.




As was pointed out in the discussion of industrial hygiene data, it is
highly improper for the authors to state, as they did on page 31, that "A1l
these operations have been shown to have fiber exposures far in excess of
established OSHA asbestos standards.” This is a falsehaod, after cgne
considers the SEM data and the Verment comparison of 1ight and SEM counts in
talc operations.

Review of the Vanderbilt critique line by Tine follows:

[ have no quarrel with the overall appraisal but would cross out a
paragraph here and there for the sake of brevity. The comparison between
Vermont and New York studies is excellent. With respect to page 29, line 3
comment, I have no quarrel. Regarding line 31, while the use of New York
rates would have been an illuminating exercise, it should not be made a
critical jssue. It is doubtful that this would have improved the study,
because of the domination of New York State rates by urban areas. Their use
in Upper New York State is not iikely to be appropriate. The situation in
Vermont is different. Line 39, I agree.

Page 30, line 8, you are so right--these statements show a peculiar
preaccupation with anthophyllite, in choosing 3 references from Finland for
this simple point of a 20 year "latency." The 20 year average latency is an
argument against an association between GTC empioyment and lung cancer, since
most asbestos-related lung cancers occur much later. The 20 year "latency”
supports the TOMA contention that pre-GTC exposures were most important. Line
19--mentioning the death from mesothelioma at this point without comment is
unobjectionable. I am more concerned with the way it was handled on page 32.
Page 30, line 20--1 think that the comment of "increasing risk of bronchogenic
carcinoma with increasing latency" is an improper way of stating the actual
observation which was that there appeared to be a greater risk of bronchogenic
carcinoma with increasing interval since the start of employment at GTC.

While this was true, the same pattern would be found for cancer associated
with confounding variables, i.e. a heavier smoking pattern, and exposures
prior to or subsequent to employment at GIC. Line 24 -- [ would leave out the
Liddell comment. With respect to the TOMA paper, it would be better to say
that the data "suggest" rather than "indicate." Line 29--1 would omit
reference to the 3 additional deaths.

Page 31, line 17--the cigarette issue is overplayed; it is important, but
almost certainly not enough to explain the difference observed. [ would
emphasize, however, the importance of the Gamble data on smoking in New York.
The figure of 49% as an increased risk factaor reports the excess that was
described as probable in the uranium miner study, where cigarette smoking
histories were available. To overstress the cigarette issue 1s nevertheless
unwise, in my opinion. Line 22--this is true for all occupational
epidemiologic studies, and one often has to make the assumption that there was
no important difference between this population and controls. Line: 32, 24,
and 38--1 agree. )

Page 32, line 1--it would have been more honest, as the critique implies,
to have actually emphasized how extremely short (less than one wonth) several
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continued to work at the mine and mill for many years did not approach a much .
higher rate. In fact, they did not.

The reference cited by NIOSH reoarding short exposures is one by Seidman
relating to workers heavily exposed to amosite in an asbestos factory, where
even Drief exposures were extraordinarily high. Even here, the excess risk
for those employed less than one year is not convincingly shown, and there was
correction of death certificates to arrive at "best estimate" diagnoses rather
than "death certificate diagnoses." There was n¢ gradient in incidence when
those who worked less than 1 month, 1 month, 2 months, and 3-5 months., A
slight gradient appeared in the 6-11 month group, and a marked upswing with
one year or more.

Page 32, 1ine 10--NIOSH handled the one diagnosed case of pleural
mesothelioma in a biased way. It should have pointed out that a latency
period of 16 years would have been very short for asbestos-related
mesothelioma, where cases commonly occur much later. It should also have been
pointed out that exposures during a prior 11 years in the construction
industry would have been a much more plausible explanation, since asbestos
exposures are common in construction work and the time from exposure to
disease would have been in the expected range.

The NIQOSH comments about Baris' work in Turkey are entirely irrelevant.

Conclusions and Recommendatijons. [ completely concur with the c¢ritique
regarding this section, which sums up, without qualifications, the dubious
studies and reports of the literature that have made up this Tong, confused,
and tedious Technical Report. There are so many examples of bias in the
report that cailing them to attention makes one sound contentious and
tendentious. I would Tike to close with a Tist of questions that 1 feel
should be addressed to the NIOSH authors, in the spirit of trying to get at
the truth:

1. Why were fiber concentrations in New York,based on phase contrast
Tight microscopy,reported without qualification, when it had been shown by
electron microscopy in Vermont that the former method included rolled talc and
shards?

2. Why did the New York report not include detailed information on the
diameter and length distribution of the so-called tremolite and anthophyllite
fibers to permit proper characterization and comparisan with light microscopic
data?

3. WuWhy, in the face of the foregoing ambiguities, did the New York
report continue to state that OSHA standards for asbestos had been exceeded?

4. WHhy was the point not made that there 15 no way of relating fiber
counts by SEM with OSHA standards or NIOSH recommendations?

5. Why were the data on morbidity, especially those relating to pleural
thickening. presented and discussed with no vnfronna- e -
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6. Why were not the recommendations of the guidelines for epidemiologic
studies, prepared in 1979 under the auspices of the Interagency Regulatory
Liason Group, followed more closely?

7. Why, if the basis for the study was to determine whether or not there
were health problems associated with the THMX mine and mill, as stated in the
introduction, did the focus eventually shift to whether or not there were
health problems in upper New York State mines and mills?

8. Why were employees’ entrance criteria different for the Vermont and
New York studies, i.e. one or more years employment for the former, but no
minimum time for the latter?

¢. Why were not separate analyses mads = mire and mil) employees in ilew
York, when this had been found important in ermont?

10. Why was the fact that the average time from first employment to death
from lung cancer was 20 years treated as an argument in favor of an
association between such employment and the cancer, when in fact it was an
argument against such an association and in favor of smoking or prior
employment being of major importance?

11. Why was the literature regarding the pathogenic potential of short
fibers, particularly those below the light microscepic diameter range, so
selectively presented, with no mention of the numerous negative animal
studies?

12. Why was there no attempt fo clarify the populations included in the
various reports by Kleinfeld and others, to guide the reader as to which
studjes involved the same populations and which invalved different types of
exposure?

13. Why was there such limited and selective presentation of data in the
mortality study, in contrast with the morbidity study, so that it is
impossible to make independent analyses?

14, Why was there no mention of the studies in animals by William Smith
or Fairleigh Dickinson, pubiished in 19797

15. Why, with the emphasis on anthophyllite asbestos, did the reports on
the Finnish experience not point out the remarkable fact that despite
extensive pleural changes, these anthophyllite asbestos-exposed individuals
showed no excess of mesothelioma?

I apologize for being so long-winded. The subject seems to be conducive
to this failing.

I send my very best wishes.

incerely, B}
/S/C/:/ W, w )




v e . - 1 am certain they did not. From 1969 through 1972 T was on an

W.CLARK COOPER, M.D.

3687 MT. DIABLO BLVD. ISUITE 320} -
LAFAYETTE, CALIFORNIA 94549

PHONE (415) 284.5850

April 21, 1987
WCC 4554

Mr. Konrad C. Rieger

R.T. Vanderbilt Company, Inc.
30 Winfield Street

Morwalk, Connecticut 06855

Dear Konrad:

I have reviewed the questions that you gave me on February 5,
1987. The answers to most of them are fairly straightforward.

Question 1. Would occupational health be better served if QOSHA
used mineraicgically correct asbestos definitions and descriptions?

The answer is yes! Regulations and contral measures aimed at
protecting health must rest on a factual base. The essence of this is
definition of what is harmful and how much is harmful. There are
always situations where gaps in knowledge and reliance on uncertain or
expensive analytic methods make decisions difficult. While these
encourage expedient and simplistic action, they should be faced up to
honestly. If O0OSHA believes that miscellanecus mineral cleavage
fragments should be regulated, it should say so and not call them
asbestos particles. :

Question 2. Do you feel that QOSHA intended nonasbestiform .
minerais to pe regulated more stringently than asbestos? -

advisory committee of the Bureau of Occupational Health (later NIOSH} ~~
and was involved in reviewing the first NIOSH Criteria Document T
recommending a standard for Occupational Exposure to Asbestos. This
was published in 1972 and set the stage for the first OSHA regulations
promulgated in 1972, These standards were primarily concerned with
~ protecting workers involved in mining, milling, processing, or using
commercial asbestos. Nonasbestiform particles did not seriously
—complicate evaluations of environments where there were large numbers =
of unquestionable fibers.

Question 4 (no question 3). Did you interpret previous asbestgs
standaras ana preposed rules by OSHA to intentionally include the
nonasbestiform varieties of tremolite, anthophyllite, and actinolite?

It never entered my mind that these regulations and propgsals
cavered nonasbestiform particles, which by definition would not be
includea in an asbestos standard, The omission of cualifiers for

~ A——————— . - .
tremolite, anthoonyllite, and actinnlite in 1077 oo -
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1084 proposed rule change first appeared (Fed Reg 49, p 14122, April
10, 1984), [ was astonished when this position was later reversed.

Question 5. 1In their assessment of tremolite and anthophyllite,
June 20, 1¢6o, do you feel that OSHA applied appropriate criteria to
support their conclusion?

The entire section on this subject on pages 22630-22631 reveals a
stubborn refusal to look at the evidence. The conclusion was: "QSHA
therefore finds that there is insufficient evidence upon which to state
with any degree of certainty that exposure to some forms of fibrous
tremolite or anthophyllite is safe.” This embodies two fallacies
common throughout the document. First, use of the word "fibrous", when
what was meant was "particles with length-to-width ratios greater than
3 ta 1*. Second, the apparent insistence on proving a negative before
abandoning a standard. This point will be covered more fully later in
a discussion of risk assessment. 3

! think it inexcusable not to deal honestly with the problems of
the RTV study by Brown, Dement and Yagoner, j.e. dominant effect of
short-exposure workers, probable importance of pre- and post-RTV
expasures, failure to separate miners and millers, incorrect
description of so-called fiber exposures, and inappropriate comparisons
with Vermont studies, Findings in the Gamble et al study of
radicgraphic findings and pulmonary function were again misrepresented,
using comparisons with potash and coal miners and ignoring similarities
to effects in other talc mines without tremolite exposures.

Throughout the section, imprecision in language causes confusion.
For example, on page 22630, the document refers to "... the minerals
tremolite and anthophyllite, which may be found in amorphous, fibrous,
or ashestiform habits”. [ am not sure what is meant by amcrphous in
this context, but there is no mention of where the real problem lies,
which is discriminating between cleavage fragments and real fibers,
whether asbestiform or not. For some reason, they treat "fibrous” and
"asbestiform" as mutually exclusive. All fibers are not asbestiform,
but some are. Ail asbestiform particles are fibrous. UWhen the term
fibers is used indiscriminately to apply to all particles with aspect
ratios of at least 3 to 1, communication becomes impossible.

Mowhere in the section is there any effort to compare the effects
of nonasbestiform vs. asbestiform tremolite, anthcphyllite and
actinolite, after proper definition of terms.

Cuestion 6. Has OSHA adecuatelvy considered all the studies cited
in their 1ist of rererences to ensure that their findings and
interpretations are baced on the best available evidence?

1o,

Nuestion 7. Has OSHA supported its findinne {hy ¢




The answer to this is definitely no. There has been no attempt by
0SHA to assemble and review evidence in lower animals and man tased
upon clear definitions of what is meant by asbestiferm and
non-asbestiform, or by fibrous and non-fibrous.

Of even more fundamental concern is the misuse of quantitative
risk assessments. On page 22647 of the June 20, 1986 0SHA decument,
the statement is made that "the health evidence for asbestocs-related
disease is far more convincing, due to the cuality and number of human
studies available, than the health effects data for any other nazardous
substance". Further on, DOr, Nichclism responds affirmatively to a
question, relating to asbestos, that “there really is a wmuch rore
complete data base for conducting risk assessment and making estimates
(of risk) than you would have for any other substance®. These
statements make the serious error of treating asbestos as a single
substance, similar to benzene or carbon tetrachloride. This i1s not
true, since there are s§ix types of commercial .asbestos with cquite
different properties, which come in many diameters, lengths and
length-width ratios. Thus there is no wavy of making a auantitative
risk estimate for a substance caileg aspestos. AS Langer pointea out
1n nis ietter to tne cnvrionmental Protection Agency (April 18, 1986},
criticizing EPA's proposed rules on asbesstaos, "There are clear
differences in attack rates and attributzbie risks for the difierent
fiber types”. It is arossly improper o use the experiencz of
amosite-exposed insulation workers to predict the health of school
children exposed to chrysotile. 1[It is ecually improper to us2 such
estimates for workers exposed to any ferm of anthocnyllitz or
tremolite, and it is scientifically ana Tecally indefensibls to acply
them to individuals exposed to nonaszestiform tremaiite or
anthophyllite.

Question 8. Has OSHA documented weil designed and conducted
studies ot retevant human populations(p 22832} to suggest that family
centacts aof workers and persons living near tremolite, antheoonyllite
and actinolite mines (nonasbestiform vs. asbestiform) show a definite
association tetween exposure to tremolite, anthophyllite, and
actinolite, and an increased incidence of lung cancer, pleurazl and
peritgnea1 mesothelioma, gastrointestinal cancer, and asbestos? (p
22755).

I know of no studies that show an increased risk of disease in
family contacts of workers exposed to tremolite or actinolitz nor in
persons living near tremolite or actinolite mines. There have been
stu¢ies in Finland showning pleural chancas in individuals living in
anthoohyllite zsbestos mining areas, bul withoutr eviderce of
mesotheiicmas. This anthopnyilite was unecuivocally asbestitorm.

studies o relevant human pepulaetions 1o sucgest that expésures oo
tremoiite, anthophyllite, dnd actinolite nave 2150 been asscciated with
&n increased incidance of escphageal, kicrev, larvnneal  aharcvrrneal aee

Quection 9. Has OSEA decumented well cesicned and weil corcucted




Question 10. Since OSHA described "asbestosis" as "pulmonary
fibrosis caused by the accumulation of asbestos fibers in the lung" “and
considered the diagnosis of asbestosis as being based on a "history of
exposure to asbestos" (22755), would you consider the term "asbestosis”
appropriate if the exposure is to nonasbestiform amphiboles?

Of course not; asbestosis can't be caused by any dust that is not
asbestos.

Question 11. OSHA believes that the animals studies can provide
valuable qualitative information on asbestos-related disease. For
example, the animal studies show that all commercial asbestos types can
ceuse cancer and pulmonary fibrosis (22632).

This is essentially true, but it is irrelevant to the argument as
to whether or not nonasbestiform minerals should be treated like
asbestiform minerals, Nonasbestiform tremolite, anthophyllite, and
actinolite are not forms of commercial asbestos.

Question 12. Do you consider the conclusions of the NIOSH
mortzlity stuay published in the NIQSH technical report, "Occupational
Exposure to Talc Containing Asbestos" by Brown, Dement and Wagoner,
strong, plausible and coherent?

I commented at length on this report two years ago and time has
strengthened my earlier opinion. It is an uncritical and incoherent
summary in which the authors appear to he principally concerned with
reinforcing preconceived opinjons. Leaving aside the complete failure
to discriminate between nonasbestitorm and asbestiform amphiboles, it
uses terms like "fibrous" and "fibers" as though they were facts.
There is no mention in the summary of the lack of correlation with
length of employment -- indeed, the fact that so many cases occurred in
those with brief employment is used as an argument for a high potency
carcinogen which for some strange reason had less effect on those who
worked longer. The reference used to support the likelihood of cancer
from brief exposures to asbestos {in this case amosite) was by Seidman
et al. They did not point out that the short period evidence was
relatively weak, while very high cancer risks occurred as employment
periods increased. This was quite different from the RTV-NY study.
Also, the paper devoted a paragraph to speculation about the
possibility of the single case of mesothelioma being possibly related
to tremolitic talc, ignoring the fact that the 16 years since hire was
quite short for mesothelioma, but highly consistent with asbestos
exposures during 11 prior years of construction work.

Ougspion 13. lould you corment on the strength and shortcominas
of the Stille ang Tabershaw study as discussed in the F.R. totice? {(FR
Vol 23, Mo 215, Friday, hovember 4, 1983},

The criticisms of the Stille-Tabershaw studv made bv Brown et al

and rennread rr rane ©31178 A8 sl T




There is criticism of comparing those with no pre-TMX employment
with those who had had such employment because of Tow latency followup
period intervals being more likely in those with no pre-THX employment.

However, the facts presented in the tables do not support this
criticism.

Pre THX exp No. Person-years Mean PY Deaths Death Deat

per per per
person person  PY

Known 540 9,168 17.0 90 0.17 9.8

Mone known 115 2,184 19.0 23 0.2 10.6

In other words, those without known pre-THMX employment were not
observed for onlv brief peripds nor did they have the mortality
pattern of a younger group or workers.

On page 51119, the criticism was made that “Brown et al pointed
out that Stille and Tabershaw's conclusions had not adequately
acknowledaed that many study facility workers had been empioyed by
neighboring talc companies with exposures similar to those of the study
facility". This would seem to invaiidate the originai argument of
Brown et al that they were reporting mortality attributable to the
Vanderbilt operation. Now they have shifted to all upper NY mines.
Brown et al rnever responded to the important criticism that they had
not separated mill and mine employees, whereas Stilie and Tabershaw had
shown that only one TMX miller developed lung cancer, analogous to the
Yerrmont findines. The double-standard was so apparent that it was
unpardonable for OSHA to ignore it.

Question 14. Do you consider the Lamm study important enough to
be considered in OSHA's review of "Taconite and Anthophyllite"?

Lamm's study, "Absence of lung cancer risk from exposure to
tremolitic taic¢”, dated February 14, 1986, is a valuable addition to
the literature. It provides an independent analysis of the TMX data
base in a way which permits direct comparison of New York and Vermont
results and it is responsive to some of the criticisms made by Brown et
al in 1984, T found its arguments cogent and convincing.

Question 15. How would you compare the mortality findings of the
Vermont stuay with #I0SH “Occupational Exposure to Talc Containing
Asbestos"? ‘What conclusions do you reach from such a review?

~ There c¢epears to be no significant difference in the health
erfects on workers in Vermont, where NI0SH says there are no hazardous
contamirants in the talc, and in the ilew York mine and mill in which
they claim that tremolite fibers cause lung cancer. In both instances
there appear %o be risks of non-malignant respiratory disease 17 large
emounts or zlc are innaled, but no evidence of a sicniticant lung
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Question 16. What comments and suggestions do you have in
reviewing the snternal NIOSH memo?

The memorandum from John Gable to Robert Glenn {Director Divison
of Respiratory Disease Services) on ilovember 1985 was an excellent
critique of tne NIOSH position. Zcbert Glenn's more recent memorandum
(June 25, 1986) to Richard Lemen (NiQSH's Director of DSGTT) is equally
import ant in pre=erL1ng well-rezsgred gnd updated criticism of OHSA for
its inclusion of ncnasbestitorm tremolite, anthophyllite and actinolite
in an asbestos standard. It is incradinle to me that the well-reasoned
opinions of thase highly qualified NI0SH scientists were disrecarded.

Questicn 17. Do you consider the comparision (morbidity findings)
of tremotitic talc miners with ccal, potash and zsbestos workers of
greater significnace than the ccmparison with other mining and milling
cohorts involving talcs of different mineraiogy and morphology?

If one is considering the effects of talc, then non-talc miners
and millers are appropriate for ccmparison. If one is considering the
gffect of tremolite and anthOphyiTite nnether fibrous or non-{ibrous,
then other talc workers with no exge es to tremolite or anthophyllite
are more appreoriaze.

Question I8. Do you agree with OSHA (based on your replies to the
arevious questicns) in its decisicn to requlate the ncnasbestiform
varfeties of tremolite, anthopnyilife ana actinolite under the Asbestos

tanagerd?

I certainly co not. These minerzis should only be included in
their asbestifsrm habit, with 5s:ec: ratios no less than %:1 and
preferably 10:1.

In conclusion, I hope 1 have mace my opinions known without
too much equivocatian. | can provicde more documentation if and when
it is needed.

Sincerely,

W, Clark Cooper, 1.D.
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A Review of
"'ertality Patterns Among Miners and Millers
Occupationally Exposed to Asbestiform Tale”
{drafc 11/1/77)
by

Joan Gustafson Haworth
Chzrles T. Haworth

Like previous studies of potential occupational heaith
hazards in the Talc industry, this study relies on stati<tical

infarence tce establish a relationship between exposures to Talc

i

arnd the mertality of former workers. The basic tachnigue urad

in this paper is to compare the actual mortali:y
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pattern cof
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who were initially employed at the mine cetween 1GL7

and 1)59 with the mortality pattern of the total white male
populaticn. The report states that this technigue found several
caun=s of death to be more frequentrthan would have been pré—
dicted from that found in the total population. On the basis

of this finding the paper arrives at the conclusion that
"exposure to such talcs are asscclated with an increased risk

ol roth tronchogenic cancer and nen-malignant recpiratory

discages.” (page 1).




Sample and Pop:ilation Problems

The findings of causation in this retrozrective cohkort

study rest upon the miners and the white, male populzation being

similar in all factors except their exposure to talc. IT,
for instance, the talc miners are heavier smokers than their

cohorts then the smoking factor could be contributing to the
respiratory death rates instead of the miners’ expcsure to
talc. From the MESA.Technical Assistance Health Evaluation
we can get information about the smoking habits of the tale
workforce. Looking at the 40 or older age groups, 1in order
to match the mertality study's age group of miners hired be-
tween 1987 and 1959, we note that only 5 of the 46 miners

(213) were classifi

{C

d as non-smokers. The smoking rate »f

this group of talc miners is clearly higher than the rate aneng
all white males. This suggests that the study's conclusicn
attributing the higher respiratory death rate tc talc mining

is not the only conclusion consistent with this data. An al-
ternative hyvpothesis which this study dces not disprove is that
the miners’ heavy smoking pattern‘is, in fact the cause of the

increased respiratory causes of death.

In order to counter this potential probiem the sztudy 2ited

another work, saying, "However, it has been sztimated that

PRETSN
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ling werisr povulation, smoking by itsel# would
increase the 2xpected lung cancer mortality risk by no mere
iz would be better to use mortality ex-
pectationg based cn a neavy smoking population similar to the
tale miners. In the atsence of a comparision the proposed

base figures could R

w
<
]

seen applied tao the core of the study's
data analysis as presented in Table ¥ of the report. If smoking
increases the risk of Zung cancer by as much as 49% then an
adjiustment in the falles could be made to inorease the expected
deaths and a conceguens lowering of the SMR. It would certainly
have been helyful in rezching conclusions in this study tc have

seen the effecs this smcoxing adjustment has on the significance

of the various resvirstcry cancer death rates. It seems likely

-

that even using the auinor's suggested percentage as anr adjust-
ment, daspgite its breed tzse, would have changed the statistieal
significance ¢l the SVUE for soﬁe of the mortality categories.
However, smokirg iz not the only factor which could be
causing the higher level of deaths among the talc worker popu-
lation. If the talc mirers life‘style or geogranhic location
ar cother charavieristics affecting respiratory death rates
were different than trhe Zctal white males used as this studv's
“ase, these difererce:s Iould also contribute tc the apparesur
differences in resplirztory death rates whicn the ztudy cite s,

Toszitle factcers which snculd certainly be corirelled for ceforo

rhe study is uced inclucs the Wew York State climate, the extent




and intensity of alcoholic consumption among miners since pre-
valence of serious respiratory conditicns 1s higher for heavy
users of alcohol, as well aé the other occupations and places
of employment of the talc miners tefore and after their employ-
ment at a specific talc mine. These factors mayv reduce or
increase the difference 1n respiratory death rates between

the two groups but they should definitely be considered. For
example, it would have been possible at least to compare these
talc workers to a population, age and time adjusted, of blue
cellar workers living and working inlthe Northeast U.S. Such
an analysis would corme much closer to comparing similar pepu-
lation groups and therefcre, would allcew 2 bettér identifica-
tion cf the effec;s on spécific death rates, if any, cf this

type of tale mining.

Specification Froblens

In addition to the failure to use the proper base popu-
laticn another basic protlem of causation 1s present, 1In the
technique used in the mortality study an individual who comes
to a talc mine for a period of time, even as little as part of
1 month, and moves on te work at other jebs--such as lead mining
or diamond drilling in this sample--mav [inally die of lung
cancer. It is assumed in this study that the Lrief emplovment

in a tale mine twenty vears ago is the cause of the cancer.




Conclusion

The technigue cf comparihg the mortalilty patterns of a
sample of workers in an occupation with a similar population
outside that occupation is an apprcpriate methcd to identify
the effect of the occuration on disease specific mértality rates.
Unfeortunately, this study has serious errcrs cf omission and
commission which invalldate any results obtained. The wrong
set of people were included in the population base and the
specification of the pecple to be 1Included in the sample leads
to erronecus conclusions. Hence, the findings of this study,
in-ibs draft form, cannot be regarded as useful in determining

~

the effect of Tale mining on werkers health.




¢ hatles Hew .ok pis

July S, 1980

Comments on MIOSH Technical Report "Occurational
Exposure to Talc Containing Asbestos”, dated
Februarv, 19%92¢

The conclusions of this studv are based larcelv upon
statistical inference. Through the use of cross-sectional
morkidity and mortality comparisons, the authcors hrave at-
tempted to analyze the chronic effects of talc exposure upon
worker's health. The following comrents cover points in the
report which are bothexrsome and/cr incomplete to an outside
reviewer. These points would need further clarification be-
fore I could make a final evaluaticn of the validitv of
their findings. The mortality study is varticularly flawed.
It is built upon a guestionable techknigue with erroneous and
misleading comparisons being made. Most of the specific

corments are directed to the mortality study.

General Comments

Parts of this report have two characteristics that this
reviewer found surprising in a studv what would normallv be
expected to be objective. First, especiallylin the mortal-
ity study, the author seemed determined to find his result.
When alternative nypotheses were eguallv consistent with the
data they were dismissed. Data anorolies were also ignored

or not commented upon.

| ol



The second characteristic, again found ecpecially in
the mortalitv studv, is the failure of the author to include
the data and inforraczien that would allew a reviewer to ana-—

lyze the results for himself. The morbidity study, by con-

trast, provided extsnsive data.

Potential Measuremenit Trror

Measurement errcr refers to the vroblems associated
with collecting infcrmaticon about appropriate variables.
There is discussion cn paces 19-20 of the report about re-
thods used to develcct kev health indices. The indicators

were collected throucn a2 cuestionnaire, physical examina-

n

tions, laboratory tests, and x-rays. Measurement errors
could affect the datz in several ways and hence, affect
the studyv's ccnclusicns. Either adjustments for such errors
or sufficient inforrmation for the reviewer to make appro-
priate adjustments should have been included.

The cuestionnairs results are particularly sensitive
to measurement error. The subjects of the guesticnnaire
have great discretion in interpreting their own symptoms.
As long as the subjecis have no incentive to bias their in-

terpretation, the discretion does not introduce measurement

bias., However, 1t is rogsible that recent public discussion

Q

over "black lung"” and cther occupational related 1llnesses
has made the subjects aware that a ovotential exists for

some form of compensation if thev are affected bhv talr.  (on-




sequently, the data developed from worksrs' response is vo-
tentially biased. Anv tests performed using this data must
be viewed with caution and compared, for consistencv with

tests from other data.

Cohort Studv of Mortalitv Methodolocical Problem

P

Underlving a longitudinal studv is the implicit assump-
tion that the past is the predictor for the future. But if
there has been a shift in some kev parameter that was present
in the past and is no longer present, his implicit assump-
ticn dees not hold true. On page 23 the repért nctes that
"past envircnmental exposures in each job are not necessarily
reflected by present exposure estimates”. To the extent that
these past high exposures were responsible for any present
problem, the study will overstate the importance of current
exposure. In addition, if the relationships are nonlinear
or have a threshold effect, such as a certain level of accu-
mulation before morbidity occurs, it is possikle that th
conditions 15 years ago are so different that the longitud-

inal study is inapprcpriate.

Appropriate Comparison

9]

The mortalitv statistical study attempts to cempare

2

what actuallw happened (mortalitv patterns of past an

o}

pre-
sent talc workers) with a benchmark. 1In this case the bench-

mark was age corrected mortalitv rates of the U.S. white




associated with an increased risk of developing not only
pleural thickening and pleural calcification, but also both
bronchogenic cancer and non-malignant respiratorv diseases.
(page IV of abstract},

There are serious cuestions about this technicue and
the comparisons made. For examnle, the data on present
talc woxrkers indicates a larger percentage of heavy cigarette
smokers than found in the general white male population.
Since there is a well known correlation between clgarette
smoking and lung cancer we would predict this group of talc
miners to have a higher lung cancer mortalitv rate than
the general male population. This preblem is mentioned in
the report and then passecd over bv the use of an estimate
that "...smoking alone would increase the expected lunc
cancer mortality rate by no more than 49 percent." Using
the data found in Tabkle 20 we can see how this estimated
49% increase could arfect their findings on expected and

observed causes of death.

Major Cause Observed Expected SMR

Malignant Neoplasm

Respiratory System 16.0 3.5 290™"
Bronchogenic 9.0 3.3 270"
*
0.05
**p 0.01

Page 31 of the report notes that "thus, cigarette smoking




anéd millers"”.
Suppose however, that the expected value was increased
by the 49% cited as the maximum smoking ccnnected increase.

The table would then read:

Major Cause Observed Expected SMR
Respiratory 10.0 5.2 192 (signifi-
. cance unknown)
Breachogenic 9.0 4.9 184

This one adjustment to the benchmark data did signifi-
cantly reduce the"increased chance of risk”. O0Of course, actual
data instead of the maximum should be used but it is clear that
this effect cannot be lightly discarded. Instead, adjustments
must actually be made for smoking kefore conclusions should be
reached.

There are several other guestions concerning the use
of the total white male population as the reference group.
Certain parts of the countrv have higher lung cancer rates
than others (even after adjusting for occupational mixes).

It would help the reader if NIOSHE had provided more informa-
tion about alternative reference groups instead of present-
ing only one. This 1is equally true for the other non-malig-
nant respiratory ills shown. My judoment is that up-

state New York would have more respiratory ills than the
soutawest. However, that is just speculation. More dis-
cussion and data by NIOSH shoula be given to allow the read-

1. 1]
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Observed Data

Not only is there a question about the appropriate
reference group, there are also very serious questions akout
the procedure used in measuring the freguency of deaths.
Every worker employed at some point in time at the facility
and who had died, was assigned a caunse of death. Reviewing
the list of individuals on page 80-8l, one is struck bv the
fact that most of the deceased were engagec in occupations
either before or after employment at the talc facility,
which had some potential health problem. For examrple, all
of the eight wvictims of respiratorv system cancer whose
work experience was known, had been engaged in other types
of mining and/or construction. This is important from two
viewpoints.

1) Should the benchmark be all white males when these
niners have been emploved in other industries with
potential health hazards?

2) Could the other employment experience have led to
the same results without the talc mining experience?

This problem can perhaps be seen more clearly in an ex-
arple. One of the victims had worked at a rock quarrv, alu-
minum plant and iron ore mine, in addition to the talc mine.
If MIOSH were conducting a similar studv of these other in-

dustries, thev would have also assigned the death to those
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against four industries with the result that other indus-

tries wculd also show higher than predicted freguency of

mertality. Given their methodolcocv it is possible for

—

every industry in the U.S. to be above average risk.

Clearlv, some more thought needs to cgo into such evi-

dence before one would draw conclusions from it.

Sicnificance Level

Mortality, like many other events involving humans,

has a random element. The technigue used in statistical

-y

th

studies is to determine whether the observed recouancy o
a mortalityv source differs from the expected freguency by
more than one could reasonably expect to occur by chance.

In this report, the chance of this difference occuring
by chance 1is shoﬁn as an estimate incdicating a probability.
For exarmple, (p<.05) indicates that there is less than 5
chances in one hundred that the difference between observed
and expected could occur by chance. Agairn no information
is provided on the statistical test nor the results. This
makes it difficult for a reader to determine whether a
factor such as acknowledged smoking could change the results.
Also, i1f certain statistical tests, e.g. chi sgquare, were
used there are restrictions on their use with small sarples
which are not always recognized. Since the report does not
indicate which test was used, 1t 1s very difficult to eval-
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Summarv
gl

since that studv 1is the bottom _ine ©OFf potential health

hazards. T¢ put it mildl-, the studs hes methodological
weaknesses. nat is most rtotherscme is that the report

draws conclusions {as shown in the abstract) upon such a
shaky foundztion. It does not cresent the data and facts
necessary fcr an intelligent review of either the conclu-

sions or the methodolcgy.
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United States Department of the Interior Re

GEOLOGICAL SURVEY
RESTON, VA 22092

June 29, 1982

Dr. C. S. Thompson
Manager-Research and Development
R. T. Vanderbilt Company, Inc.
30 Winfield St. : .
Norwalk, CT 06855 L

Dear Dr. Thompson:

At your request, I read the NIQOSH technical report of February 1980 (DHEW-
NIOSH publication No. 80-115) titled "Occupational exposure to talc
containing asbestos." The authors of this document classify oblong
silicate mineral particles having a Tength to width ratio of 3:1 or
greater as asbestos - regardless of the overall size of the mineral
fragments. The. number of "asbestos fibers", so defined, found in air
samples collected at several work sites of a talc mining and milling
industry varied from 9.5 to 70.6 "fibers" per cubic centimeter (Table 6).
If these were truly asbestos fibers such concentrations could present a
moderate to' severe health hazard to those enduring long exposures.
However, the average length and diameter of these "fibers" (Table 8, 9)
is 1.5 ym and 0.16 um, respectively. Over 90 percent of the *"fibers"
counted were less than 5 um long (mislabeled <0.5 um in Table 39),

There is no epidemiological evidence in man nor evidence from animal
experiments that such short mineral fragments at these concentrations
cause a measurable increase in disease.

A similar misidentification of asbestos fiber has been made in the
Environmental Protection Agency document EPA-450/3-81-006, "Assessment
and control of chrysotile asbestos emissions from unpaved roads" (May,
1981). In this document, it is stated (p. B-11, lines 13-14) that the
average fiber length (asbestos) is approximately 1.0 pm and average
diameter is approxiamtely 0.06. In both the NIOSH and the EPA studies
mentioned above, positive identification of the particle type was generally
not made, The designation "asbestos" was usually made conly on the basis
of particle shape.

A significant number of airborre mineral particles from most crushed,
blasted, or milled rock will fit the shape c¢riteria used in these

EPA and NIOSH reports to define asbestos. If these documents become a
basis for national regulatory policy then most mining operations can be
considered to present a possible asbestos health hazard. The implications
to all industries involved with mining and milling or the utilization of
rock products, is apparent.

Sincerely,

ige @o 5
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_ R.T. Vanderbilt Company, Inc.

INOUSTRUAL MINERALS AND CHEMICALS

32 WINFIELD STREET. NORWALK, CONNECTICUT DB335 » 1203) 853-1400
CABLE. "BITVAN", NORWALK, CONNECTICUT « TWX 710-468-2940

April 25, 1988

Mr. David Brown

Epidemiologist

NATIONAL INSTITUTE FOR OCCUPATIONAL
SAFETY AND HEALTH

4676 Columbia Parkway

Cincinnati, OH 45226

Dear Mr. Brown:

At our recent meeting in Atlanta, you raised several questions which, upon
reflection, I would like to further comment upon.

1. The most critical point involved a request to explain the
diffraction patterns, x-ray spectra and photomicrographs exhibited in
the 1980 Technical Report. These exhibits are clearly suggestive of
asbestiform tremolite and anthophyllite. I have copied and commented
directly on pages 82, 83 and 84. Basically, there are a series of
problems reflected here. Photos of some true asbestiform fibers are
shown but none are identified. Instead, it 1s inferred these
particles are tremolite or anthophyllite by selecting particles for
x-ray diffraction and SAED patterns which are either cleavage
fragments or a talc fiber confused as anthophyllite. Talc may
present the same x-ray spectra as anthophyllite due to the same 2 to
1 silica/magnesium ratio and overlapping range. Talc fibers also
reflect a simitar 5.3 angstrom spacing on SAED patterns.

To support these comments 1 have also attached photomicrographs
taken after our meeting to demonstrate how talc fibers can be
identified by refractive index oil (use of Becke Line). I have also
enclosed an analysis report prepared for us by Dunn Geoscience Carp
and an internal line by 1line critique of the IH section of the

“Technical Report. In our experience, the "fibers" referred to as
tremolite and/or anthophyllite turn out to be talc or transitional.
Although others could better explain the mineralogical and analytical
complexities 1inherent -.in this dust population, I hope the attached
helps <clarify the basic problem for you. A letter from Dan Crane
(OSHA's Salt Lake City lab) to Greg Piacitelli is also attached. We
feel Mr. Crane presents a reasonable description of our talcs
composition as well. Please feel free to share this informaticn with
whomever you wish. Hopefully a meeting can be arranged to address
these and other points in detail when our dust analysis project is
ready far QSHA submission.
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Mr. David Brown - Page 2
April 25, 1988

Of course, the next question which invariably arises is the health effect
of talc fibers. After all (so the popular theory goes), if some of them are
asbestiform wouldn't they be carcinogens? Our response to that question
includes the following: (a) talc is not listed as a regulated asbestos mineral
(b) these fibers were present in animal studies which yielded no tumor
development while reqgulated asbestos minerals did (c) even among asbestiform
minerals characteristics vary (e.g. surface charge, hardness, etc.) and the
carcinogenic potential among requlated asbestos differs (e.g. chrysotile vs.
crocidelite). Hence, some evidence woulid be necessary to show a carcinogenic
association to fibrous talc (d) efforts to quantify the presence of these
particles 1in air samples reflects particle per cc ranges magnitudes below any
existing standard - their presence is of academic interest only.

2. A question was raised as to why we said dust exposures in
other area talc operations were asbestiform while ours was not. At
the time the statement was made, it was believed that ores previously
processed from certain area mines (e.g. the Freeman mine, the 2 1/2

~and 3 1/2 mine, etc.) contained very fibrous material and some of
that fiber was believed to be amphibole (suspect anthophylilite
asbestos but never confirmed). Besides these fibers, past talc
mining operations frequently mined material with a high fibrous talc
content (significantly higher than that mined by GTC). The Dunn
Report refiects considerable data on one such deposit (referenced at
mine #3). A good comparison between that deposit and the ore mined
and milled at our operation can be seen on pages 16 and 17 in that
report. Our mineralogist provided a sample of this material to John
Dement but no mention of it was made in the Technical Report.

Regardless of the exact "fiber" content, it is clear past talc
mining pesed significantly different airborne particulate exposures
than those encountered at our mine and mill. It is clear the
concentration of dust was significantly higher as well. If you
reference the last paragraph of page 31 in the NIOSH Technical Report
(attached), the importance of this point should be apparent.

, As for why particle characteristics in other operations appeared
the same as ours, there is a perfectly plausible explanation. As
noted at the meeting, Dr. Dement did not collect the comparison
samples. Instead, samples MSHA had collected were characterized.
While I expect there {s nothing wrong in dofng this we cannot tell
from the Technical Report if these samples were collected at a mill
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Mr. David Brown - Page 3
April 25, 1988

processing ores from the mines I have referenced. If we had dates
for the samples, records might be available to reflect exactly what
ore grades were being processed at the time. Ores from these high
fiber mines were routinely processed but ores more typical of our own
were routinely processed as well (in fact, more often processed).
Hence, to say the two talc dust populations are the same, (without
ore specific information) is misleading and is likely incorrect.

I hope the above clarifies my comments of April 20th. Please feel free to
phone if I can assist in anyway.

. Very truly yours,

R. T. VANDERBILT COMPANY, INC.

~John W. Kelse
Corporate Industrial Hygienist
Manager, Occupational Health & Safety

JWK/ sk
attachment

¢cc: Ms. Diane Porter, CDC
Mr. Robert Glenn, DRDS




L Figure 1. Typical Electron Diffraction Patterns and X-ray
) Spectra of Tremolite Fibers in Bulk Samples

X-Ray Spectrum Diffraction Patterns

® Demonstrates presence of tremolite. ® No measurements are shown. It is assumed
Does not demenstrate growth habit this is the cleavage fragment at bottom left
(asbestiform or not) -

Electron Photomicrographs

* This is an obvious cleavage fragment. ® There are many obvious fibers here. Why was
Note the terminations, note the the cleavage fragment on the left selected
absence of fibrils. for the x-ray spectrum and diffraction pattern:

Note the “fibers" are not identified - why -
because they are likely talc not tremojjte as
suggested in the figure.




. Figure 2. Typical Electron Diffraction Patterns and X-ray
Spectra of Anthophyllite Fibers in Bulk Samples

o We expect you are trying to demonstrate the presence of asbestiform
anthophyllite here. This is not demonstrated for the reasons noted below,

X-rav Snectrun Diffraction Pattern

This spectrum could be anthophyllite or talc. Both . ¢ No measurements show again. MNote the repeat 5.3

E
Mg/5i0, ratios are essentfally 1 to 2. This spectrum angstrom spacing however. This is also common to ‘
is within the variations of composition for both min- talc fibers. You couid better make the distinction i
erals. Ratio range for anthophyllite is 56 to 27.9, with optics and index oil. '

range for talc is 62 to 31.7. | could be anthophyllite
but x-ray would not reflect habit {asbestiform or not).

Electron Photomicrograph-

i
I

Magnification Magnification
10,000 X 1l M{cron — 5,000 X 1 Micron b
The:e co?ld be Sleavage ffagments (resolution is not o These more clearly appear to be cleavage. Note how ;
goo eToggh to uell)f Ih!s could also be talc fiber few of these approach 20 to 1 {longer ones tend to be
{0?; x=ray spectrum and diffraction pattern wouldn't in 15 to 1 range).
e vou, -




. e Notice how nothing in this photomicrograph is identified. There does seem to be considerably more true fiber

i

_here than we ace used to seeing so we wonder how common this is (how many fields were searched to find this?)

Regardless, several asbestiform fibers are apparent (see my A and B). From what we are toiq in the preceedin
pages, we are to presume these particles are asbestiform tremolite or asbestiform anthophyllite. However, as

every analysis we have ever undertaken demonstrates,

these greatly elongated - asbestiform and nonasbestiform

particles - are talc fibers (most commonly) or transitional partic]es_(talc evoliving from anthephyllite). To
demonstrate, please see the simple use of the Becke Tine in my photomicrographs (next page).
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Electron Photomicrograph of Airborne Particulates in Mine and Mill
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Photo

4.

1

BECKE LINE

Photomicrographs of NYTAL 300 Field from a Bulk Sample

In index 0il 1.592 (upper limit for low iron talc)
at 244 x magnification. Fach division = 1.71 um

Photo =1: ‘lote the obvious asbestiform
Tiber in the center {extremel
nigh aspect ratio, curvature,
splaved ends Ftc.)

Here, we have slightly lowered
the microscope to note the
direction of the Becke Line
(away = below the retractive
index, toward = above the index}.
Note particles Tabeled (I} show
light outside the particle while
particles labeled A are brighter
inside the particle. (I is
therefore taic fiber (notice
these are the more fibrous
particles) while A's are likely
amphiboles (those noted are
cleavage).
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Animal Studies
Specific To RTV Talc

With sample ID Confirmation
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Environmental Health Perspeclives
Vol. 53, pp. 2744, 1983

Chronic Effects of Dietary Exposure to

Amosite Asbestos and Tremolite in F344 Rats
by Ernest E. McConnell,* Henry A. Rutter,! Borge M. Ulland'

and John A. Moore*

Carcinogenesis bioassays of blocky (nonfibrous) tremolite and amosite asbestos alone
or in combination with the intestinal carcinogen 1,2-dimethylhydrazine dihydrochloride
(DMH) were conducted with male and female Fischer 344 rats. The minerals were
administered at a concentration of 1% in pelleted diet for the entire lifetitne of the rats
starting with the dams of the test animals, One group of amosite rats also received
chrysotile ashestos via gavage during lactation. Group sizes varied from 100 to 250
animals.

The offspring from mothers exposed to tremolite or amosite asbestos were smaller at
weaning than those from untreated mothers and remained smailer throughout their life.
The administration of dimethylhydrazine (DMH) did not affect body weight gain, either in
amosite-exposed or nonexposed animals. Survival was comparable in the tremolite and
control groups. The amosite-exposed rats showed enhanced survival compared to the
untreated controls. DMH exposure reduced survival by approximately one year, al-
though the amosite plus DMH groups survived slightly better than the DMH alone

‘groups.

No toxicity or increase in neoplasia was observed in the tremolite-exposed rats com-
pared to the controls. Significant increases (p < 0.05) in the rates of C-cell carcinomas of
the thyroid and monocytic {mononuclear cell) leukemia in male rats were observed in
amosite-exposed groups. However, the biological significance of the C-cell carcinomas in
relation to amosite asbestos exposure is discounted because of a lack of significance when
C-cell adenomas and carcinomas were combined and the positive effect was not observed
in the amosite plus preweaning gavage group. The biclogical significance of an increased
incidence of mononuclear cell leukemia is questionable, because of a lack of statistical
significance in the amosite group when evaluated using life table analysis, lack of
significance when compared to the tremolite control group, and the fact that no toxic or
neoplastic lesions were observed in the target organs, i.e., gastrointestinal tract and
mesgothelium.

DMH caused a high rate of (62-74%) of intestinal neoplasia in amosite and nonamosite-
exposed groups. Neither an enhanced carcinogenic nor protective effect was demon-
strated by exposure to amosite asbestos.

Introduction

In November 1973 the National Institute of
Enviranmental Health Sciences and the Environ-
mental Protection Agency cosponsored a sympo-
sium on the possible biological effects of ingested
asbestos. ({). This cenference concluded that a
paucity of definitive data existed concerning the

*The National Toxicology Program, National Institute of
Environmental Health Sciences, P.O, Box 12233, Research
Triangle Park, NC 27709.

tHazelton Laboratories America, [nc., 9200 Leesburg Pike,
Vienna, VA 22180.

effects of ingested asbestos and that specific re-
search was needed.

A subcommittee of the DHEW Committee to
Coordinate Toxicology and Related Programs was
established to review existing data and to prepare
a draft research protocol that would be responsive
to the possible public heaith implication of in-
gested asbestos, This protocol was widely distrib-
uted for comment within and outside the govern-
ment and a public meeting of the subcommittee
was held on February 11, 1975. On the basis of
the comments received, a revised final protocol

was developed which called for the use of long-
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term animal toxicology studies to evaluate the
ingestion of several minerals for carcinogenic ef-
fect. As a result, the National Toxicology Program
has investigated the carcinogenic potential of the
ingestion of chrysotile asbestos in hamsters and
rats, amosite asbestos in hamsters and rats, cro-

Table 1. Fiber characteristics of amosite asbestos.

Fiber characteristics

Surface area, m2/g 4.13
Density, g/cm3 3.35 = 0.026 SD
Measurements, transmission electron microscopy

Fiber count/g 0.3466 x 1010

Median length (um) 4.37

Range of length, um 0.85 — 995
Median diameter, um 0.72

Range of diameter, pm 0.064 — 12.4
Median fiber aspect ratio (Jd) 6.4248

Table 2. Chemical-instrumental analysis of amosite

asbestos,
Content, wt-%
ALO, 0.42
CaQ 0.48
FeO 34.61
F 3203 2.24
Mg0 6.22
K,0 0.30
Si0, 50.36
Na,0 0.03
MnO 2.66
Crzo‘] 0.03
NiO 0.01
CO, 0.88
Hzo = 0.15
H,0+ 2.30
Benzene extracted organics 0.021

cidolite asbestos in rats and tremolite in rats. All 2

of the studies were to encompass the lifetime of
the animal, including exposure of the dams from
which the test animals were derived.

h .

Crystalline tremolite (not actually in ashestos

fiber) was chosen for this study because up to 20
years ago it was a common contaminant of tale

which was used in foods and pharmaceuticals. -3

The grinding of tremolite in preparation for its
intended use may resuit in the production of
fibers which have the morphology of asbestos
minerals. Stanton et al. (2), in reviewing intra-
pleural mineral deposition studies, speculated
that the asbestos mineral hazard question may be
directly related to fiber size in contrast to chemi-
cal composition. Therefore, the study of crystal-
line tremolite was deemed appropriate because of
its past widespread exposure and the fact that it
assumes fiber characteristics when ground in the
processing of talc.

This report represents the results of those stud-
ies undertaken to determine the effects of tremo-
lite or amosite asbestos in the diet fed to Fischer
344 rats. In addition, the study was designed to
determine if the feeding of amosite asbestos modi-

.fled the response of a known intestinal carcine-

gen, 1,2-dimethlhydrazine dihydrochloride
(DMH). Reports on chrysotile and crocidolite as-
bestos will be reported later.

Materials and Methods

Test Materials

Asbestos is a general term applied to certain
natural silicates when they appear in a fibrous

Table 3. Particle size disiribution of amosite ashestos by particle number: SEM.

Length interval, pm

0-1.99 2-3.99

4~5.99 6~7.99

8-9.99 10-15.99 20-39.99
Amosite mean width, gm 0.28 0.38 0.45 0.45 0.48 0.52 0.51
Amosite particles per interval 57 126 88 78 52 181 184
Total amosite particles, % 5.6 12.3 8.6 76 5.1 17.7 18.0
Cumulative % amosite 5.6 17.9 28.5 34.1 392 56.9 749
Amosite, vol-%" - 0.1 03. 0.4 0.4 24 50
Cumulative valume-% amosite - 0.1 04 0.8 1.2 36 8.6
Number of other particles 1] 8 1 0 1 1 0
Amosite particles per
length interval by aspect ratio, %
1:1-2.9:1 12 0 U] 0. 0 1] 0
3:14.9:1 34 10 6 5 2 0 0
5:1-9.9:1 43 52 23 14 4 1 1
10:1-19.9:1 it 34 52 38 40 21 i
20:1-49.9:1 0 4 18 41 54 64 30
50:1-99.9:1 0 0 1 2 0 12 35
100:1-199:1 ¢ 0 0 0 0 2
200:1-499:1 0 4 0 0 [} Q
>500:1 0 0 1] 0 0 Q
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EFFECTS IN RATS OF DIETARY EXPOSURE TO ASBESTOS 4 29

form. Amosite is a fibrous member of the amphi-
bole mineral group, its chemical structure is
(Fe?+Mg),5130,, (OH),. Mineral and fiber charac-
teristics of amosite are shown in Tables 1-3.

. The amosite sample identified as S-33 was pur-
chased by the Bureau of Mines from the Atlas
Asbestos Company, Montreal, Quebec, Canada.
This material is from a mine in the area known as
Penge, in the Transvaal, Republic of South Africa.
Not a proper mineral name, amosite is a term
used to describe the material from asbestos mines

Table 4. Fiber characteristics and
chemical-instrumental analysis of tremolite,

Fiber characteristics

in South Africa. To develop homogeneity of the
sample the amosite was processed by a single pass
through an air jet mill. '

The temolite sample used in this study was
obtained from a single lense from the Governeur
Talec Company, Governeur, NY. This 1200-lb lense
was taken from the 500 ft level, American vein,
No. 4 footwall stope, lower portion of the footwali
bedding. The lense was crushed in a Denver Jaw
Crusher and then to minus 14 mesh in a roll
crusher. This material was then wheeler-milled
at 204°C and bagged in 50-Ib Kraft bags. The final
particle size was nominal minus 325 mesh. To
develop homogeneity of the sample, approxi-
mately 960 1b tremolite was blended in a 10 ft3 V-
type blender. Mineral and fiber characteristics of

2 -~
%‘éfﬁii,a;c?;;“ e 3:31—1065.01 SD tremolite are shown in Tables 4 and 5.

Analyses, wt-% After final blending the samples were weighed
AlzOy 1.57 to 25 = 0.5 Ib and placed in fiberboard drums,
g:% 13:%3 These drums were shipped to a special warehouse
Mg203 26.71 at Research Triangle Park, NC. Each drum re-
K0 0.18 ceived a color marking unique to the mineral
Si0, 54.00 type. Homogeneity of the samples was verified by
,11‘%0 g-gg fluorescent X-ray spectrography for samples col-
MO 005 lected from six randomly selected drums. No sig-
Li,0 0.02 nificant differences were detected.

SnO 0.01 The homogeneity of the samples and the physi-
5:0 0.03 cal and chemical properties of the materials were
3303 g.gl characterized by the Bureau of Mines, U.S. De-
2 . 8 .
H,0- 0.24 partment of the Interior (Supt. of Documents No.
H,O+ 3.73 I 28.23:8452) and by the Fine Particle Laborato-
Benzene-extracted organics 0.003 ries, Illinois Institute of Technology Research In-
Table 5. Particle size distribution for tremolite by particle number: SEM.
Length interval. um
0-099 1-1.99 2-299 3-3.99 4499 5599 6-6.9%¢ 7-7.99 8899 9999 >10

Mean width, pm 048 088 087 151 205 219 279 329 296 3.3 522

Number of particles per interval 59 291 194 106 53 40 N 19 9 13 58

% of all particles per interval 68 334 223 12.2 6.1 1.6 3.6 2.2 1.0 14 64

Cumulative % of all particles 6.8 40.2 62.5 4.7 80.8 B5.4 89.0 91.2 92.2 93.6 100

Tremolite particles per interval 34 197 128 83 38 a7 23 15 9 12 49

% of tremolite particies 55 320 208 13.5 6.2 44 3.7 2.4 1.5 20 80

Cumulative % tremolite 5.5 37.5 58.3 71.8 V8.0 32.4 86.1 88.5 9.0 920 100

Talc-serpentine particles per interval 9 72 33 19 11 9 8 4 0 1 7

Other particles per interval 16 22 10 4 2 4 0 0 0 0 2

Tremalite particles

per length interval

by aspect ratio, %*

£:1-2.9:1 100 92 75 67 76 67 85 66 67 30 35
3.14.9:1 0 8 22 29 18 30 30 20 22 35 37
5:1-9.9:1 0 0 3 4 6 3 5 7 i1 35 18
10:1-19:1 0 0 0 0 0 0 0 7 0 0 4
20:149:1. 0 0 0 0 0 0 0 0 0 1] 4
50:1-99:1 0 0 0 0 0 0 0 0 0 0 0
100:1-199:1 0 0 0 0 0 0 0 0 0 0 2

“Data for aspect ratio obtained from a second set of measurements.
bTotal particles = 871, total tremolite = 615, total talc-serpentine = 193, and total other = 63.

F Ll 90 AN

i
i
]




30 McCONNELL ET AL.

stitute, Chicago, IL (Special Report and Adden-
dum on project L6085, contract N01-ES-5-3157).
Copies of these reports are available upon request
from the Nationa! Toxicology Program.

Test Diets

The feed used was NIH-31 open formula rodent
diet prepared by Zeigler Brothers, Inc., Gardner,
PA. Tremolite or amosite asbestos was incorpora-
ted to a level of 1% by weight into the test diet,
All feed was pelleted with a Sprout-Waldron pel-
leter; the pellets were of oval configuration, %s in.
by %s in. in size. Pelleted feed was packaged in 25-
Ib aliquots in standard paper feedbags which
were color coded to minimize the occurrence of
feeding errors at the test laboratory.

Each lot of blended feed was analyzed for tre-

- molite or amosite asbestos concentrations, pesti-
cide contamination and nutrient content.

1% Chrysotile (Medium Range) Gavage.* The
required amount of chrysotile (medium range), a
gray powder with lumps, was weighed on a Met-
tler balance and placed in a beaker. Sterile water
(for injection) was added to obtain the desired
concentration and the suspension was then mixed
in a magnetic stirrer for a short period of time.
The suspension was administered by gavage, at a
dose level of 0.47 mg/g of body weight, to the
amosite and preweaning gavage (PWG) animals
from birth to weaning (21 days).

Source and Specifications of Test
Animals

Parental Generation (F,). Weanling Fischer
344 (caesarean-derived) rats, which were barrier
sustained and specific pathogen-free, were pur-
chased from Charles River Breeding Lahorato-
ries, Inc., Wilmington, MA. These animals consti-
tuted the F, generation.

On arrival, animals were taken directly to the
quarantine area and acclimated to laboratory
conditions for approximately 2 weeks. At 24 hr
after the animals arrived, eight animals of each
sex were selected, sacrificed, and pathogen bur-
den was determined for each animal. Pathogens
examined for included ectoparasites, intestinal
parasites, and bacteria. Serological tests were
conducted for viruses. After approximately 2
months of quarantine the rats, both males and
females, were randomized and divided into test
groups by a computerized randomization process
and placed on the appropriate designated diets.

*Animals were to receive 1% amosite, but were inadver-
tently gavaged with 1% chrysotile.

After at least 7 days exposure to the appropri-
ate diets, the rats were placed in breeding cages
(one male to two females). During the breeding
period, the rats continued to be fed the designated
diets; 20 days later (on the average), females were
separated and housed individually in polycarbo-
nate cages (Hazleton Systems, Aberdeen, MD).
Males were removed from the breeding cages and
re-housed two per cage.

Filial Generation (F,). The F, females were

- allowed to deliver their F| litters naturally, and

these were reduced to no more than eight pups
(four/sex if possible) per litter. At birth, the litters
from the F, dams within the control and treated
groups were assigned randomly to the corre-
sponding lifetime feeding phase groups such that
birth dates were egually distributed. All pups
assigned to the amosite and preweaning gavage
(PWGQG) groups were exposed to the PWG phase of
the study to assure exposure to asbestos from
birth to weaning.

At 21 days after birth, the pups were weaned
and given a temporary number, then selected,
using a random number table, to be placed in
their respective groups for the lifetime feeding
study. Litters in which only one sex was present
were excluded from those animals to be selected.
The extra weanlings were discarded.

At 8 weeks of age, 1,2-dimethylhydrazine dihy-
drochloride (DMH) was administered by gavage
to a control group and an amosite group every 14
days for a total of five doses. Males received 7.5
mg/kg, and females 15.0 mg/kg, based on a pre-
vious pilot study (3) which showed that these
doses produced an approximate incidence of 15%
intestinal neoplasia. Concentrations of DMH in
the dosing solutions were determined within one
hour prior to dosing and following dosing. The
results of these determinations showed that the
proper concentration of DMH was present in the
dosing solution and had not deteriorated during
dosing.

Animal Maintenance

The control and mineral exposed rats were
placed in separate rooms with monitored temper-
ature and humidity, and a controiled light cycle
(12 hr light/12 hr dark). Temperature was main-
tained at 74 = 4°F and humidity at 50% = 10%.
The rats were housed three per cage in polycarbo-
nate cages covered with nonwoven polyester filter
sheets and stored on Enviro-racks, Racks and
filters were changed approximately once every 2
weeks. Cages and bedding were replaced twice
per week. Control and treated diets and tap water
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via automatic waterers were available ad libi-
tum. Twa water samples were collected and sub-
mitted for asbestos analysis. Stainless steel feed
containers were changed once every 2 weeks.

.The incoming air in the animal rooms was
filtered to remove particulate matter. Ten to fif-
teen changes of room air per hour were provided.
Prior to initiation of the study, air samples were
collected and analyzed for baseline asbestos de-
terminations. Additional samplings were col-
lected approximately every 6 months for analysis
to assure personne! safety.

Other measures used for personnel protection
included the wearing of fully protective disposa-
ble suits, gloves, boots and bouffant caps and the
use of a dust/mist respirator mask. Personnel
leaving the animal rooms were required to take
showers. In addition, physical examinations, in-
cluding pulmonary function tests and chest radio-
graphs, were conducted at the initiation of the
study, yearly thereafter, and at the end of the
study.

Clinical Examinations and Pathology

Observations and Records. All animals were
observed twice daily for moribund condition and
mortality. Recorded weekly were individual body
weights; signs of toxicity or pharmacologic ef-
fects; incidence, size and location of palpable tis-
sue masses or nodules; and food consumption per
cage.

Sacrifice and Gross Pathology. Animals were
sacrificed when exhibiting any one of these condi-
tions: palpable masses within the abdominal cav-
ity (excluding retained testes); masses protruding
from the rectum; rectal discharge of bright red
fluid (an indication of the presence of a bleeding
colonic or rectal neoplasm); large ulcerated
masses in the area of the ears or on side of face
(Zymbal gland tumors); large subcutaneous
masses which have been ulcerated or infected;
masses which interfere with breathing and eating
or which severely hamper locomotion; huge tissue
masses (>>10 ecm); central nervous system signs
accompanied by weight loss t(head tilt, circling
incoordination, ataxia, paralysis); severe weight
loss or emaciation; or comatose or very weak.

When the remaining animals of either the con-
trol and DMH or the corresponding amosite and
DMH group of either sex was reduced to 10% of
those starting the study, both groups within that
sex were killed. When survival or untreated con-
trol or amosite or amosite and PWG group of
either sex reached 10%, all remaining animals of
these groups within that sex were killed. The

tremolite-exposed groups were handled similarly.
Animals were killed by exsanguination under
sodium pentobarbital anesthesia (Nembutal, Ab-
bott Laboratories, Inc., North Chicago, IL, or
Diabutal, Diamond Laberatories Ine., Des
Moines, 10). Final body weights were recorded
and necropsies performed which included these
additional procedures: blood smears taken from
animals sacrificed in extremis or terminally sacri-
ficed, touch preparations made from any enlarged
spleen or lymphoid organ.

Since the gastrointestinal tract was considered
as the target organ prior to the study, it was
handled in a manner slightly different from that
in standard rodent lifetime bioassays. Prior to
placement in fixative, the entire esophagus was
opened and examined. The stomach and cecum
were opened and pinned with the exterior surface
adjacent to paper; 2-cm lengths of duodenum and
ileum and two portions of jejunum were placed
uncpened in fixative. The remaining small intes-
tine was opened and washed gently with saline
and the mucosal surface was then examined care-
fully using transillumination on a radiograph
viewing box. Suspect lesions were processed sepa-
rately and identified individually as to location.
Likewise, the entire colon with anus was opened,
examined, and placed on cardboard (serosal sur-
face down) prior to fixation. The size and location
of masses were recorded. Masses greater than 1
mm in diameter were removad as separate speci-
mens for processing. After fixation and prior to
embedding, the colon was “carpet-rolled” starting
at the proximal end, with the mucosal surface
inward.

All tissues were fixed in 10% neutral buffered
formalin, sectioned, and stained with hematoxy-
lin and eosin. Tissues/organs examined micro-
scopically were: tissue masses, the above-men-
tioned portions of gastrointestinal tract,
mesenterie, celiac, iliocolonic, renal, iliac, mandi-
bular, cervical, pancreatic and bronchial lymph
nodes, mammary gland, salivary gland, thigh
muscle, bone marrow (sternum), nasal cavity
with turbinates, larynx, trachea, lungs and bron-
chi, heart, thyroid, parathyroid. liver, pancreas,
spleen, kidneys, adrenal glands, urinary bladder,
seminal vesicles/prostate, testes/epididymus, ova-
ries/uterus, brain, pituitary gland, eyes and spi-
nal cord.

Data Recording and Statistical
Methods

The individual animal pathology data on this
experiment were recorded in the computerized
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carcinogenesis bicassay data system. The data
elements include descriptive information on the
chemicals, animals, experimental design, clinical
observations, survival, and individual pathologic
resuits.

" Probabilities of survival were estimated by the
product-limit procedure of Kaplan and Meier (4).
Animals were statistically censored as of the time
that they died of other than natural causes or
were missing; animals dying from natural causes
were not statistically censored. Differences in sur-
vival were evaluated by Cox’s (§) life table
method.

The incidence of neaplastic or nonneoplastic
lesions is given as the ratio of the number of
animals bearing such lesions at a specific ana-
tomic site (numerator) to the number of animals
in which that site was examined (denominator).
In most instances, the denominators included
only those animals for which that site was exam-
ined histologically. However, when macroscopic
examination was required to detect lesions (e.g.,
skin or mammary tumors) prior to histologic sam-
pling, or when lesions could have appeared at
multiple sites (e.g., leukemia), the denominators
consist of the numbers of animals necropsied.

For the statistical analyses of tumor incidence
data, two methods of adjusting for intercurrent
mortality were employed. Each used the classical
methods of combining contingency tables devel-
oped by Mantel and Haenszel (6). The first
method of analvsis assumea that all tumors of a
given type were fatal; i.e., they caused the death
of the animal, either directly or indirectly. Ac-
cording to this approach, the proportions of tu-
mor-bearing animals in the treated and control
groups were compared at each point in time at
which an animal died with a particular tumor.
The denominators of these proportions were the
total number of animals at risk in each group.
These results were then combined by the Mantel-
Haenszel methods to obtain an overall probability
tp) value. This method of adjusting for intercur-
rent mortality 1s Cox’s life table method (5).

The second method of analysis assumed that all
tumors of a give tvpe were “incidental”; i.e., they
were merely observed at autopsy in animal dying
of an unrelated cause. According to this approach,
the proportions of male and female rats found to
have tumors in treated and control groups were
compared in each of five time intervals: 0-60
weeks, 61-86 weeks, 87-112 weeks, 113-126
weeks and beyond 126 weeks. The denominators
of these proportions were the number of animals
actuaily autopsied during the time interval. The

individual time interval comparisons were then
combined by the previously described methods to
obtain a single overall result (7). For comparisons
involving groups receiving DMH (which showed
markedly reduced survival), somewhat shorter
time intervals were utilized for the incidental
tumor test: 0-52 weeks, 53-78 weeks, 79-92
weeks, 93-116 weeks (males), 93-102 weeks {fe-
males), beyond 116 weeks (males) and beyond 102
weeks (females).

In addition to these tests, one other set of statis-
tical analyses was carried out for each primary
tumor: the Fisher exact test based on the overall
proportion of tumor-bearing animals (8). All re-
ported p values are one-sided. Except where
noted, the three alternative analyses gave simi-
lar results.

Results

Establishment of Test Groups

The experiment was designed to evaluate the
effects of orally ingested tremolite or amosite
asbestos during the entire life of the animal,
starting from the time the rats were able to eat
solid food. For this reason, the mated female rats
had been on the test diets for approximately 12
weeks when the first litters were born. To mini-
mize the chance that the mothers would reject or
cannibalize their young, the litters were not han-
dled during lactation, except for the group receiv-
ing asbestos via preweaning gavage.

Litter size and survivability of offspring were
unaffected by the presence of amosite in the diets.
The average number of live fetuses born to tremo-
lite-exposed dams was 7.6 versus 7.8 for the con-
trol groups. The average number of live fetuses
born to amosite-exposed dams was 8.5 versus 7.7
for the control groups. Significant mortality was
induced in those pups which received the pre-
weaning asbestos gavage (PWG). The average
size of the litters in this group was 3.4 at weaning
compared to 7.5 in the non-PWG amosite group.
The average weight at birth of the tremolite-
exposed pups was 4.7 g versus 4.8 g for the con-
trols. The average weight at birth of the amosite-
exposed pups was 4.7 g versus 4.8 g for the
controls. The tremolite-exposed offspring were
slightly smaller at weaning, 22.8 g versus 26.3 g
{control). The amosite-exposed oflspring were also
slightly smaller at weaning, 23.2 g versus 274 g
(cantrol),

A summary of groups, number of animals and
diets for the filial (F)) animals is presented in
Table 6.
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Table 6. Summary of distribution and diets: a lifetime
feeding study of tremolite or amosite asbestos in rats.

No. of animals DMH, mgrkg*

Test group Male Female % ofdiet Male Female
Control 118 118 0

Tremolite 250 250 1

Control 117 117 0 — -
DMH 125 125 1] 7.5 15.0
Amosite 250 250 1 - -
Amosite + DMH 175 175 1 7.5 15.0
Amosite + PWG? 100 100 1 - -

2Gavage with 1,2-dimethylhydrazine dihydrochloride.

YAnimal was inadvertently gavaged during preweaning
with intermediate (medium)-range chrysotile instead of amo-
site.

Clinical Signs

The incidence of clinical signs occurred at es-
sentially comparable frequencies throughout the
study groups except those that received DMH (see
below). No distinct signs of compound effect were
noted in any of the tremolite- or amosite-treated
animals during the first 52 weeks of study. As the
study proceeded, the incidence of clinical signs
increased among all the groups. At intervals
where there were a large number of moribund
sacrificed animals in any one particular group,
the clinical signs most frequently observed were
suppoertive of the conditions for moribund sacri-
fice previously outlined in the Methods section. A
comparison of clinical signs cbserved during the
same selected intervals among all the groups
revealed a larger number of palpable abdominal
masses, tissue masses, and central nervous sys-
tem signs, a well as red discharge and protruding
masses from the rectum in the DMH and amosite
and DMH groups. These findings were presum-
ably due to the administration of DMH since they
were not clinically observed with any frequency
in any of the tremolite- or amosite-treated groups.

Body Weight and Food Consumption

Mean body weights were analyzed at selected
intervals: birth, 3, 8, 11, 15, 24, 33, and 60 weeks
for the males, and birth, 3, 8, 11, 16, 27, 48 and 60
weeks for the females by the method of Rao (9).
The data revealed a 13% depressed mean body
weight gain at weaning in both sexes of the tre-
molite groups and 15% in the amosite groups
compared to the controls. The depressed weight
gain in the tremolite- and amosite-exposed rats
was more apparent at 8 weeks of ape (tremo-
lite:33%% for males and 17% for females; amosite:
37¢% for males and 25% for females). Weight gain

then paralleled the conirols (except for DMH-
exposed rats) for the remainder of the study but
the mineral-exposed rats remained smaller
throughout the study. Both male and female
DMH-exposed groups gained less than their re-
spective controls,

In the tremolite-exposed males and females,
the average weekly food consumption was 97%
that of the untreated controls. In the DMH, amo-
site, amosite and DMH, and amosite and PWG
males, the mean weekly food consumption was
102%, 102%, 105%, and 107%, respectively, com-
pared to the untreated control group and 98%,
101%, 105%, and 108% that of the unireated
control for comparable groups of females.

Survival

Survival data of intervals prior to the final
sacrifice of a group are summarized in Table 7.
There were no significant differences in survival
between the tremolite-exposed and control
groups. Survival of males and females was ap-
proximately equal until 112 weeks, after which
the females tended to live longer. When compared
to the survival rates of the untreated control
group, the amosite male survival at 118 weeks
was higher, while amosite and PWG male sur-
vival was somewhat less. In female rats, the amo-
site group survival was better than the untreated
controls, while the amosite and PWG group was
about the same. The survival of both groups of
DMH-exposed rats was considerably less than the
untreated controls. The amosite plus DMH group
was comparable to the DMH alone group.

Pathology

There were no apparent treatment related neo-
plasms in the digestive tract of the tremolite,
amosite, or amosite PWG groups (Tables 8 and 9.
Also, no specific type was increased, either at a
particular location (e.g., cecum} or in the stom-
ach, small or large intestine as a whole. In addi-
tion, the incidences of non-neoplastic diseases of
the gastrointestinal tract such as enteritis, diver-
ticulitis, ulceration or inflammation in general
were comparable in the control and tremolite- or
amosite-exposed rate {Tables 10 and 11},

There were no organs/tissues in the tremolite-
exposed rats which showed an increased rate of
neoplasia compared to the control groups. Organs
which showed an increase in neoplasms in the
amosite or amosite PWG groups compared to the
control group were the thyroid and hematopoeitic
system. The results are as follows.

Thyreid. Table 12 summarizes the incidence
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Table 7, Survival of F344 rats in lifetime oral asbestos study at various time points.
Males Females
Age, No. alive/ No. alivel
Group weeks total ne. Survival, % total no. Survival, %
Control 106 98/118 a3 97/118 82
120 T0/118 59 71/118 60
146 6/118 3 20/118 17
148 - - 14/118 12
Tremolite 106 2061250 82 207/247 84
120 1507250 60 144/247 58
146 36/250 14 33/246 13
148 -~ - 22/246 9
Control 106 95/117 81 92/117 79
118 TU1LT 61 62/117 33
142 77 6 20/116 17
146 - ~ 10/116 9
DMH 106 27125 22 15/125 12
118 167125 13 - -
142 - - - -
146 - - -~ -
" 1% Amosite 106 221/250 88 202/246 82
118 117/250 71 162/246 66
142 35249 14 43/245 18
146 - — 28/248 11
1% Amosite + DMH 106 46/175 26 321174 18
118 26175 15 - -
142 — - Co— -
146 - - - -
1% Amosite + PWG 106 77100 77 86/100 36
118 521100 52 56/100 36
142 6/100 6 15/100 15
146 - - 9/100 9

of thyroid C-cell proliferative lesions. A signifi-
cantly increased incidence of C-cell carcinoma
was found in amosite-treated male rats (p < 0.05).
This effect was not observed in amosite PWG
male rats. Furthermore, the overzll incidence of
C-cell tumors (adenomas and/or carcinomas) was
comparable between control and treated groups.
C-cell hyperplasia was eguivocally increased in
amosite and amosite PWG female groups.
Hematopoietic System. A significantly in-
creased incidence of mononuclear cell leukemia
occurred in zmosite (p < 0.05) and amgosite PWG
{p < 0.01) male rats (Table 13). However, neither
group was significant when compared to the tre-
molite control group (39%). This increased inci-

dence was not observed in amaosite-exposed fe-
males.

Miscellancous Neoplasms

Occasionally a somewhat higher or lower rate
of commonly occurring neoplasms were observed

in amosite treated groups. A statistically signifi-
cant (p < 0.05) decrease in the rate of neoplasia
was observed in the pancreas (Islet cell adenoma),
adrenal medulla {pheochromacytoma), thyroid
(follicular cell carcinoma} and preputial gland in
at least one group of amosite-exposed rats com-
pared to the controls. Similar observations were
not observed in the tremolite-exposed groups.

Nonneoplastic Findings

A plethora of incidental lesions of aging Fischer
344 rats was found in all groups. Statistical anal-
yses showed no obvious correlation between the
incidence of specific lesion types and the type of
treatment. Nonneoplastic lesions that were oh-
served in more than 5% of the rats in any of the
experimental groups are as follows: skin: epider-
mal inclusion cyst; lung: chronic inflammation
{peribronchiolar and perivascular lymphoid cuff-
ing); spleen: fibrosis, hemosiderosis, extramedul-
lary hematopoeisis, lymphoid atrophy; lymph
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Table 8. Number of tremolite-exposed F344 rats with primary epithelial neoplasms of the alimentary tract.

Males* Females®
Control Tremolite Control Tremolite
_ Animals examined 118 250 18 250
Total alimentary 8N 12(5) 33 7(3)
Oralrpharynx
Papilloma U 110} %0) 1(0)
Carcinoma 33 10y 2(2) 5(2)
Esophagus
Total gastrointestinal 43 93) 11 )]
Total stomach 3 2(1) 00 0(0)
Nonglandular
Papilloma 2(2) 1)
Carcinoma H HO
Glandular
Polyp
Carcinoma
Total smali intestine 003 3 010} oo
Polyp e 1}
Adca in polyp® -
Carcinoma 2(1)
Total large intestine u H2) o 0(0)
Cecum
Polyp 1M
Adca in polypb
Carcinoma
Colon
Polyp 1) 1O
Adca in polypb
Carcinoma 20

*Values in parentheses are percentages.
Adenecarcinoma arising in adenomatous polyp.

nodes (various): lymphoid or reticulum cell hyper-
plasia, lymph-angiectasis, hemorrhage, pigmen-
tation, chronic inflammation; heart: chronic in-
flammation; liver: degeneration, necrosis, fatty
metamorphosis, toxic hepatitis (associated with
leukemia), granuloma, angiectasis, pigmenta-
tion, focal cellular change; bile duct (extrahe-
patici: chronic inflammation, mucosal hyperpla-
sia, cysts, fibrosis; pancreas (exocrine): atrophy,
hyperplasia, ectopia; pancreas (endocrine): hyper-
plasia; kidney: chronic progressive nephropathy,
eysts, pigmentation: pituitary gland: cysts, an-
giectasis, hyperplasia; adrenal (cortex): fatty me-
tamorphosis, hyperplasia; adrenal (medulla): hy-
perplasia; thyroid: follicular cysts, C-cell
hyperplasia; parathyroid: hyperplasia; testes:
seminiferous degeneration, interstitial cell hy-
perplasia; prostate: abscess, chronic inflamma-
tion, glandular hyperplasia; seminal vesicles:
cysts; ovary: follicular and parovarian cysts:
uterus: hydrometra, endometrial cvst; mammary
gland: cystic ducts. glandular hyperplasia, galac-
tocele; mesentery: chronic inflammation; eye: cat-
aract, hemorrhage, inflammation, retinal de-
generation: zymbal gland: cystic ducts; bone:
osteopetrosis, exostoses, marrow hyperplasia. Ali-

mentary tract nonneoplastic lesions are noted in
Tables 10 and 11.

1, 2-Dimethylhydrazine
Dihydrochloride-Treated Groups

Two groups of male and female rats were ex-
posed to 1, 2-dimethylhydrazine dihydrochloride
(DMH) by gavage at levels of 7.5 mgrkg for males
and 15.0 mg/kg for females, biweekly for a total of
five doses. One group served as a positive carcino-
gen contro! and the other received amosite from
weaning throughout life.

Exposure of rats to DMH or DMH with amosite
was associated with a dramatically increased in-
cidence of neoplasms ot the intestinal tract, Zym-
bal’s gland, and liver of male and femate rats, and
kidney in female rats. It is also noteworthy that
survival in the DMH groups was shortened due to
the presence of these neoplasms.

Table 9 summarizes the numbers of rats with
primary epithelial neoplasms in the gastrointes-
tinal tract by specific site and classification. Intes-
tinal neoplasms, particularly the adenomatous
polyps, were often multiple within a given ani-
mal.
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Table 9. Number of amosite-exposed F344 rats with primary epithelial neoplasms of the gastrointestinal tract. ; '
&
Untreated s
control® Amosite® Amosite PWG*® ~
M F M F M F ¥
Animals examined 17 117 249 250 100 100 k3
Total gastrointestinal 4(4) 22) 73) 42) 3(3) 33) B
Total stomach un (oY 201) Hm o) 0{0) -
Total small intestine 33 o0 2(1) 3(1) un 1(1) hed
Ducdenum g
Carcinoma 1(0) (1)
Adea in polyp® ';?*’
Adenomatous polyp i
Jejunum
Carcinoma 2(2) 1(0) 1) .
Adea in polyp® 1(0) e
Adenomatous polyp 2(1) =2
Heum e
Carcinoma -1
Adca in polyp® &4
Adenomatous polyp 1(1) . ”:
Total large intestine 0(0) u1) 31) (D) 2(2} 22) L
Cecurn ¥
Carcinoma ’3
Adca in polyp® ";
Adenomatous polyp 1(1) -t
Totai colon 0] (1) an oo {1 22 B
Ascending colon : f
Carcinoma 1(0) 3
Adeca in polyp® .
Adenomatous polyp .
Transverse colon :
Carcinoma (oY) -
Adea in polyp® “
Adenomatous polyp
Descending colon i
Carcinoma i
Adea in polyp® 1(1) i
Adenomatous polyp 1(1) 2(1) WL #
2Values in parentheses are percentages. ' 5
'Adenocarcinoma arising in adenomatous polyp. <
The incidence of gastrointestinal neoplasia was In the large intestine the frequency of carci- 1
dramatically increased with DMH treatment. noma arising in an adenomatous polyp and ade- :‘
However, the incidence appeared to be essentially nomatous polyps was greatest in the descending !
comparable between groups receiving DMH alone colon. In the cecum, the incidence of carcinoma :
and those receiving DMH with amosite. Further- was less in the DMH with amosite-treated group
more, the number of animals with tumors either than those treated with DMH alone, in male rats. :
in the small intestine or in the large intestine was This effect was not observed in the female group. ;
also essentially comparable between DMH alone The appearance of carcinomas in the ascending
and DMH with amosite. There was no difference colon was somewhat greater in DMH with amo-
in the time to tumor between the groups. site-treated males than in males receiving DMH
Evaluation of the incidence of the three catego- alone. Adenocarcinoma arising in adenomatous
ries of intestinal neoplasia {carcinoma, adenocar- polyp occurred more frequently in the transverse
cinoma arising in an adenomatous polyp, and colon of male and female rats receiving DMH
adenomatous polyp) by site (Table 14) reveals an with amosite compared to rats receiving DMH
increased incidence of duodenal earcinoma (p < alone.
0.05) in the DMH with amosite-treated females,
compared to female rats receiving DMH alene. In Kid
the jejunum, however, this incidence is reversed, 1dney Neoplasms 4

with more carcinomas occurring in the female
group receiving DMH alone.

Almost without exception, the renal masses
assoctated with DMH treatment were malignant
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Table 10. Incidence of nonneoplastic lesions in the alimentary tract of F344 rats exposed to 1% tremolite in the diet.®

Males® Females®
Control Tremolite Control Tremolite

Animals examined 118 250 118 250
Pailate/tongue

Inflammation o0 o0 0(0) 42)

Necrosis 0(0) V(1] 0 HO

Hyperkeratosia 0(0) 10) 0(0) 2(1)

Acanthosis 1(1) 3(1) un 1(0)
Esophagus

Inflammation 1{1) 00 H{1 1(0)

Necrosis 2(2) 1(0) (1100} (0}

Hyperkeratosis AB) 18(7) 3H3) 4(2)

Acanthosis un 0(0) 0(0) 10)
Stomach-nonglandular

Mineralization 13(11) 5(2) 4(3) 21}

Infammation, chronic 19(16) 29(12) 25(21) 38(15)

Ulceration 10(8) 17(7}) 9(8) 11{4)

Necrosis 20017 46(18) 17(4) 31(12)

Hyperpiasia 3(3) ()] ' 0(0) 2

Hyperkeratosis 18(15) 34(14) 15(13) 29(12)

Acanthosis 26(22) 54(22) 23(19) 45(18)
Stomach-glandular

Hyperplasia 7(6) KO 3(3) (0]
Small intestine

Inflammation 0o (1) o0 u;»

Necrosis 2(2) i)} 1(1) 3(1}

Ulceration ()] 1{0) 0 0t0)
Colon

Parasitism 5(4) 32(13) 5(4) D

Infiammation 0(0) 52) 33 oo

Necrosis . 00} 3D 1(1) 10y

Hyperplasia 0{0) 1o o 1(0}
Cecum

Parasitism 98) 2(1) 2(2} HO)

InAammation 1(1) 21) 4(4) L)

Necrosis (1) 4(2) 1 )

Hyperplasia 0 0(0) oM IR
Rectum

Necrosis 00) ({0} (101} oo

Anus (no lesions)

2Incidence of nonneoplastic lesions that occur with a frequency of 1z or more in at least one group.

Values in parentheses are percentages.

mesenchymal or mixed malignant tumors. Purely
mesenchymal growths were classified according
to their merphology (1. e., fibrosarcoma, undiffer-
entiated sarcoma). Those having epithelial ele-
ments or epithelial-like elements were classified
as mixed malignant tumors. In early stages, these
neoplasms appeared as interstitial sclerosing
growths near the inner cortex. Collagen forma-
tion was accompanied by proliferating, baso-
philic, primitive-appearing cells. Epithelial ele-
ments consisted of glands, ductlike structures or
poorly differentiated solid tubules. The growths
were often massive but rarely metastasized.
Table 15 summarizes the incidence of kidney
tumors in control and DMH-treated groups. The
high incidence of renal neoplasms was confined
almost exclusively to treated female rats receiv-

ing either DMH alone or DMH with amosite (p <
0.01). The incidence rates for the two treated
female groups was the same. Renal neoplasms
occurred infrequently in male rats.

Zymbal Gland Neoplasms

Carcinoma was the most commonly observed
necplasm in Zymbal's gland. These neoplasms
were composed of proliferating eosinophilic to ba-
sophilic squamous epithelial cells which formed
thick fingers of tissue, masses of keratin and
nests of sequestered cells. Some had sebaceous
features with formation of sebum. Infiltration of
adjacent tissues was not uncommon; however,
metastases were rare. Table 16 summarizes the
number of control and DMH-treated rats with
Zymbal's gltand neoplasms.
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Table 11. Incidence of nonneoplastic lesions in the alimentary tract of F344 rats exposed to amosite asbestos.*

McCONNELL ET AL.

Control® Amosite® Amosite PWGH*

M F M F M F -

Tongue, nrumber examined 117 117 249 250 100 100 3

Esophagus, number examined 115 117 2489 246 100 100 i

Hyperkeratosis 12(10) 7(6) 4(2) 7(3) 12012) 6(6) i

Stomach, nonglandular, number examined 117 117 249 250 100 100 3
Mineralization a(8) 33 2(1) 2(1) (1} 010} i

Inflammation, chronic 21(18) 21(18) 56(22) 60(24) 17(17) 18(18) =

Ulceration 13(11) 4(3) 25(10) 30(12; Yl 10(10) =

Necrosis 23(20) 13{(11) 41(16) 3715 15(15) 111D 3

Hyperkeratosts 22(19) 2421} 4K18) ~  56(22) 16(16) 17(17) L

Acanthosis 31(26) 26022) 62(25) 72(29) 21(21) 23(23) =1

Muscle degeneration 8(7) A2) 3N 3(1) 0(0) 0 p
Stomach, glandular, number examined 117 117 249 250 100 100 “
. Hyperplasia 6(5) 2(2) ()] 1(0) 00 o0 !
e Duodenum, number examined 117 117 249 249 100 100 #l
. Jejunum, number examined 117 117 249 249 100 100 n

* Ileum, number examined 117 117 249 249 100 100 .

: Colan, number examined 117 117 249 250 100 100 -
e Parasitism 43) 2(2) 1UT) 6(2) 44 88 i
Tt Cecum, number examined 117 117 249 250 100 100 i
Rectum, number examined 117 117 249 250 100 100 Y

Anus, number examined 117 117 249 250 100 100 1

*Incidence of nonneoplastic lestons that occur with a frequency of 1% or more in at least one group. g
Values in parentheses are percentages. i
‘PWG = preweaning gavage. i
A
Table 12. Number of F344 rats with thyroid C-cell proliferative lesions. }
Control® Amosite® Amosite PWG? 'J

M F M F M F 5
< Animals examined 117 116 248 247 100 100 %
o Total C-cell tumors 2723 24(21) 76(31) 65(26) 25(25) 29(29 1
g C-cell adenoma 16(14) 14(12) 26{11) 37(15) 11N 15(13) ,-11
7 C.cell carcinoma LS 10(8) 50*(20) 29(12) 14(14) 1414) 3
C-cell hyperplasia 21(18) 22(19) 58(24) 71(29) 2323 26(26) 3
“Values in parentheses are percentages.

e *p < 0.05 vs. cantrols tinaidental tumor and Fisher exact tests), i
4

Table 13. Number of amosite-exposed F344 rats with mononuclear leukemia.

Untreated
control Amosite Amosite PWG
M F M F M F
B Animals examined 17 117 249 250 100 100
KN Monuonuclear celf leukemia® 38(32) 40034} 106%(42) 82(33) 49+(49) 34134

“Vaulues in parentheses are percentages.

*p - 0.01 vs. controls,

Approximately one quarter of all rats receiving
DMH aione or DMH with amosite developed Zym-
bal's gland neoplasms 1p < 0.01), while in contro}
animals the occurrence was low (1-3%). The inci-
dence appeared essentially comparable between
the two DMH-treated groups.

o < 0.05 vs. controds (incidental tumer and Fisher’s exact test).

Liver Neoplasms

The classification of hepatocellular proliferative
lesions was based on the ILAR Monograph (10).
Table 17 summarizes the number of control or :
DMH-treated rats with neoplastic nodules or hep- ;
atocellular carcinoma. '
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Table 14. Number of DMH-exposed F344 rats with primary epithelial neoplasms of the gastrointestinal tract.
Untreated DMH positive DMH with
gontrol® controf® amosite?

. M F M F M F
Animals examined 117 117 125 124 173 175
Total gastrointestinal 4(4) 2(2) 92(74) 77062) 118(68) 11465)
Total stomach 1(1) (1) 3(2) 4(3) 21) L1
Total small intestine 33) o0 18(14) 14(11) 19(11) 24(14)

Duodenum
Carcinema o0) oo 119 3(2) 13(8) 19(11)
Adca in polyp®
Adenomatous polyp

Jejunum
Carcinoma 22) 0(0) 2t1) 119 3(2) 2(1)
Adea in polyp® (1)
Adenomatous polyp un

[leurn
Carcinoma 2(1)
Adca in polyp? un
Adencmatous polyp 1«1

Total large intestine 0(0) Y 81(635) 70(56) 110(64) 101(58)

Cecum
Carcinoma 16(13) 7(6) 6(3) 6(3)
Adea in polyp®
Adenomatous polyp 2(1)

Total colon

Ascending colon
Carcinama 10(8) L0(8) 20(12) 14(8)
Adca in polyp® 201) 4(3) 32 74
Adenomatous polyp 5(4) H6) 33 8(5)

Transverse colon
Carcinoma 1D 2{D 2D
Adca in polyp® 8(6) AN 2112 20t11)
Adenomatous polyp 8(6) 6(5) 22(13) 22013

Descending colon
Carcinoma (1) D 2(1)
Adca in polyp? 20(16) 15(12) 25(14) 22(13)
Adenomatous polyp _ un 3427 27(22} 1023 31(18)

Colon (other)*
Carcinoma 43} 2 2(1)
Adca in polyp®
Adenomatous palyp 18y HD un

#Values in parentheses are percentages.

bAdenocarcinoma arising in adenomatous polyp.

‘Colon fother) = site not identified.

Table 15. Number of DMH-exposed F344 rats with primary renal neoplasms.
Untreated DMH positive DMH with
control control amosite
M F M F M F
Animals examined 117 117 125 124 173 175
Total renal tumors® 0i0) e 22) 49i32)* 2 561321+

*Values in parentheses are percentages.
= <001

A significantly increased incidence of neoplas-
tic nodules and/or hepatocellular carcinomas oc-
curred in groups receiving DMH alone and in
groups receiving DMH plus amosite. Generally,
females had a higher incidence (p < 0.01) than
males (p < 0.05).

Miscellaneous Neoplasms

In several instances, DMH treatment with or
without amosite led to statistically signmificant
decreased incidences of certain spontaneous neo-

plasms, particularly of the endocrine system,.
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Table 16. Number of DMH-exposed F344 rats with Zymbal gland neoplasms,

Untreated DMH positive DMH with
control control amosite
M F M F M F
Animals examined 117 117 125 124 173 175
Zymba!l gland - *
neoplasms® (1 43) 33(26)* (34(27Y 55(32)* 39122)* 4
*Values in parentheses are percentages. ) A
*p < 0.01 vs. controls. I
Table 17. Number of DMH-exposed F344 rats with hepatocellular neoplasms. %
Untreated DMH positive DMH with ;E
control control amosite ﬁ
M F M ' F M F b5
Animals examined 117 117 125 124 173 175 -
Neoplastic nodules® 98 4(3) 18(14)* 29(23)* 27(15)* 32 18‘)'
Hepatocellular carcinoma®* 1(n (1) S(N* 10(8)* T4t B85

*Values in parentheses are percentages.

*p < .05 vs. controls.

tp < 0.05 vs. controls (incidental tumor and life table analysis).
1p < 0.05 vs. controls (life table analysis only).

These included a reduced number of subeutane-
ous fibromas, pituitary adenomas in females, ad-
renal pheochromocytomas, pancreatic acinar cell
adenomas and islet cell adenoma in males, mam-
mary tumors, and interstitial cell tumors in male
rats. However, many animals in these two groups
died at an early age compared to the untreated
controls.

Discussion

Tremolite (11) or amosite asbestos (12) was
administered at a level of 1% in the diet to male
and female F344 rats for their lifetime, inciuding
exposure of their dams to the test material. While
the tremolite used in this study is considered
crystalline or nonfibrous in its natural form, a
small amount assumes a fibrous character during
the crushing and milling process. However, the
milling process used in the preparation of the
tremolite for this study was identical to what is
done in the commercial setting.

Starting at birth, one of three groups of neonate
rats from amosite-exposed mothers were given
chrysotile asbestos (instead of amosite) by gavage
until weaning at which time they were given the
1% amosite diet. For all intents and purposes this
group of rats should be regarded as being exposed
to amosite asbestos for their lifetime. Two groups
feontrol and amosite exposed) of weanling rats
were exposed to five biweekly doses of 1,2-di-
methylhydrazine dihydrochloride (DMH), a
known intestinal carcinogen, to test the promotor

or cocarcinogenic effects of DMH and amosite
ashestos.

The clinicopathologic results in this study
showed that the ingestion of tremolite or amosite
asbestos did not adversely affect the fertility of
the mothers or litter size of the F, bioassay ani-
mals. The average weight of the offspring at birth
from mothers exposed to either mineral was com-
parable to the offspring of nonexposed mothers.
However, the weight of the exposed offspring at
weaning was slightly less than the control rats.
The cause of the decreases in weight during lacta-
tion is not known. The differences in body weight
gain became more apparant between weaning
and 8 weeks of age. While the tremolite- and
amosite asbestos-exposed rats paralleled the con-
trol animals in weight gain, they remained
smaller throughout their life. The mean body
weight of the male rats exposed to the chrysotile
preweaning gavage (PW@G) and subsequently to
amosite asbastos was slightly higher than the
amosite alone rats. This may be related to the
mortality induced in the neonates by the PWG
technique which would allow the remaining pups
more milk during lactation. Exposure to DMH
caused a small reduction in body weight gain in
female but not in male rats.

No clinical signs were observed which could be
attributed to the ingestion of either mineral.
Starting at 9 months of age, the DMH-exposed
rats showed signs attributable to DMH-related
neoplasia, but no difference was noted between
the DMH and DMH plus amosite groups.
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The ingestion of either tremolite or amosite in
the diet for the life of the rats did not adversely
affect their survival. In fact, survival of female
rats exposed to amosite or amosite plus chrysotile

. PWQ@G was slightly better up to 112 weeks than the

controls. Similarly, the survival of male rats ex-
posed to amosite was slightly better than the
untreated controls, although the amosite plus
chrysotile PWG group showed slightly less sur-
vivability.

The most plausible explanation for the in-
creased survival of the amosite exposed rats is

their lower weight throughout the study. Yuet al. .

(13) have shown that rats of lower body weight
caused by restricted caloric intake lived longer
than rats that were allowed to eat an unlimited
amount of food.

The survival of the rats (control and amosite) in
this study compares favorably with other NTP
bioassays (14). At 106 weeks of age {age at end of
typical 2-yr bioassay) the percentage of male rats
alive in this study was: untreated tremolite con-
trol, 83%: untreated amosite control, 81%; tremo-
lite, 82%; amosite, 88%; and amosite plus PWQG,
77%. The percentage of female rats alive at this
time was: tremolite control, 82%; amosite control,
79%; tremoiite, 84%; amosite, 82%; and amosite
plus PWG, 86%. Haseman (14) in reviewing the
25 most recent NTP feeding studies found an
average of 66% of control males and 73% of con-
trol females alive at 112 weeks of age.

The survivai of control groups of males and
females was similar at 106 weeks. In most 2-yr
studies involving rats, more females generally
survive to the end of the study than do males.
However, the longer survival of female rats (con-
trol and tremolite or amosite exposed) was clearly
demonstrated after 142 weeks.

The ingestion of either tremolite or amosite
asbestos over the lifetime of these rats did not
cause a biologically significant increase of neo-
plasms at any anatomic site when compared to
the concurrent controls. The gastrointestinal
tract was considered a potential target organ
based on epidemiological studies in humans (15).
The overall incidence of intestinal neoplasms in
the control (male 4 and female 2%} and two amo-
site asbestos groups (male 3 and female 2%; male
4 and female 3%) was low, and there was no
significant (p < 0.05) difference between the
treated and control groups. Similar observations
were noted in the tremolite groups and their
respective controls. [n addition, nonneoplastic ie-
sions of the gastrointestinal tract were not in-
creased. In summary, amosite asbestos did not
cause any adverse affects in the gastrointestinal

tract of either male or female F344 rats.

Rats exposed to DMH showed a high incidence
(60-70%) of neoplasia of the gastrointestinal
tract, primarily in the large intestine. This high
rate of intestinal neoplasia was unexpected be-
cause a pilot study (3) using the same dosing
regimen of DMH would have predicted an inci-
dence of 15 + 5% in this study. In a previous NTP
bioassay, hamsters exposed to DMH and chryso-
tile asbestos also failed to develop the desired rate
of intestinal tumors based on a similar pilot study
(28). Apparently the neoplastic dose response to
DMH is relatively steep and duplication of low
rates of intestinal neoplasia are difficult to repro-
duce. .

Because of the high background rate of DMH-
induced neoplasia, it is not possible to determine
with aceuracy if amosite had a coearcinogenic or
additive effect in this study. Female rats exposed
to DMH and amosite had a higher incidence (11%
versus 2%) of neoplasia of the duodenum than the
DMH controls. Conversely, they had a lower inci-
dence (9% versus 1%) of neoplasms of the jeju-
nurr; thus the total number of animals with neo-
plasms of the small intestine was comparable. A
similar situation was observed in the large intes-
tine of male rats. The rats exposed to DMH alone
had a higher incidence {13% versus 3%) of carci-
noma of the cecum but a lower incidence (13%
versus 26%) of neoplasms of the transverse colon.

The morphologic appearance of the neoplasms
induced by DMH were comparable to those de-
scribed previously in rats exposed to hydrazine
compounds (I16). In addition, the few intestinal
neoplasms which occurred in the control and tre-
molite- or amosite (no DMH)-exposed rats were of
the same morphologic types to those induced by
DMH. The neoplasms observed in the kidney,
liver and Zymbal’s gland of DMH-exposed rats
were consistent with those reported for these
types of intestinal carcinogens (17),

A significantly (p < 0.05) increased incidence of
C-cell carcinomas of the thyroid occurred in amo-
site-treated male rats. This effect was not ob-
served in the amosite PWG male rats and the
overall incidence of total benign and malignant
C-cell tumors was comparable between control
and treated groups. Therefore, this is not consid-
ered to be a treatment-related effect.

The incidence of mononuclear cell leukemia
(synonyms—monocytic leukemia, Fisher rat leu-
kemia) was elevated in amosite (42%) and amo-
site PWG (49%) male rats compared to the con-
current control group (32%). However, the rates
were not significant when compared to the tremo-
lite male control group(39%). This increased inci-
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dence was not observed in treated female rats.
Coleman et al. (18) reported an incidence of
nearly 30% in male F344 rats within the age
group of 2440 months. In 2-yr-old F344 rats,
Goodman et al. (19) reported 12% of males and
neariy 10% of females had lymphoma/leukemia, a
much lower incidence than in these studies. It is
apparent from this study and above cited studies
that the incidence of leukemia increases rapidly
after 2 years of age. In view of considerable varia-
tion in the incidence of such disorders, the fact
that the amosite-exposed male rats survived
longer than their concurrent controis and lack of
significance when compared to the fremolite con-
trol group, it is doubtful that the increase in the
rate of leukemia is treatment related. More im-
portantly, an increased incidence of neoplasia
was not observed in target organs (GI tract and
mesothelium). Even though it is known that cer-
tain types of asbestos are absorbed through the GI
tract (2021, it is difficult to envision how oral
asbestos could cause an increase in leukemia
without causing an increase of tumors in the
proposed target tissues.

In summary, these effects represent only a mod-
ulation of neoplasms which ocecur in concurrent
control groups and are known to occur in histori-
cal control rats of this strain. No uncommon or
unique neoplasms were observed in any of the
tremolite- or amosite-treated groups. In addition,
the biological importance of the neoplasms in the
absence of target organ neoplasia is questionable.

A large variety of nonneoplastic lesions, pri-
marily lesions of aging, were observed in all
groups. There was no obvious correlation between
treatment and specific lesions. Therefore, tremo-
lite or amosite at the level of 1% in the diet did
not appear to cause any overt toxicity.

Studies on the effects of chronic ingestion of
tremolite are not available. However, Stanton et
al. (2) showed that the intrapleural inoculation of
fibrous tremolite (two types) caused a high inci-
dence of pleural sarcoma in Osborne-Mendel rats.
In contrast, intrapleural studies of tremolite talc
failed to show a carcinogenic response in ham-
sters (22). The tremolite used in the NTP study is
a nonfibrous type and more closely resembles that
used by Smith (22) than Stanton et al. (2).

Other studies involving the long-term inges-
tion of asbestos are few. Donham et al. (23) re-
ported equivocal results in ¥344 rats which were

fed a diet containing 0% chrysotile for their
lifetime. While they did not observe a statisticaily
significant (p < 0.05) increase in the number of
tumors in exposed animals, the authors believed
that there was a trend toward increased colon

lesions in general, evidence of penetration of as-
bestos into the colonic mucosa, possible cytotoxic-
ity to colonic tissues and suggested a possible
relationship to peritoneal mesothelioma. Another
equivocal study is that reported by Gibel et al.
(24), who described an increase in malignant tu-
mors in the lung, kidney, liver and reticuloen-
dothelial system but no increase in intestinal
neoplasia in Wistar rats fed asbestos filter mate-
rial (20 mg/day) for a period of 8-14 months.
Cunningham et al. {(25) reported two studies in
Wistar male rats using 1% chrysotile in the diet:
one study of 24 months and one of 30 months.
These authors concluded that trace amounits of
ingested asbestos can penetrate the walls of the
gastrointestinal tract, but evidence of carcinoge-
nicity was inconclusive. Negative results were
reported by Gross et al. (26), who fed rats a diet
containing 5% chrysotile ashestos for a period of
21 months with no evidence of intestinal neopla-
sia.

Corollary studies to this investigation were
conducted in Syrian golden hamsters (27, 28). The
exposure regimen was similar in that male and
female hamsters were exposed to 1% amosite as-
bestos (same source as the subject study) and
short-range or intermediate-range chrysotile as-
bestos in their diet for their natural life-span.
There was no adverse effect on body weight gain
or survival, and no asbestos-related neoplasms
were observed.

Another oral asbestos study in hamsters was
reported by Smith et al. (29). They exposed
groups of 30 male and female hamsters via drink-
ing water for lifetime to amosite asbestos, mine
tailings, beach rock or Lake Superior drinking
water. They did not observe adverse effects on
body weight or survival time in any of the groups.
A peritoneal mesothelioma, one pulmonary carci-
noma, and two early squamous cell carcinomas of
the nconglandular stomach were found in the
hamsters exposed to amosite but the incidence
was not statistically significant (p < 0.05). They
concluded that the study was essentially nega-
tive. A subsequent study in rats using similar
materials also failed to elicit a carcinogenic re-
sponse (30).

Except for the studies of Donham et ai. (23,
Smith et al. 129) and the NTP (11, 12,27, 28), the
other studies were conducted with relatively

small numbers of animals. Also seme were con-
ducted for an insufficient period of time to ade-
quately test the carcinogenic potential of ingested
asbestos.

A long-term study of amosite asbestos designed
to determine the promotor potential of asbestos
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was reported by Ward et al. (31). They exposed 6-
week-old male F344 rats three times per week for
10 weeks to 1 mg amosite asbestos in saline via
gavage, Once per week during this same period,
half of the rats received subcutaneous injections
of 7.4 mg/kg azoxymethane (AOM), a known in-
testinal carcinogen in animals which produces
effects similar to DMH. The rats were allowed to
live out their lifespan or untl 94-95 weeks of age
at which time they were killed. The authors re-
ported an intestinal tumor incidence of 66.7% in
AOM alone, 77.1% for amosite plus AOM and
32.6% for amosite alone. The authors concluded
that while amosite did not significantly add to the
incidence of AOM-induced intestinal neoplasia,
amosite alone caused a relatively high rate of
intestinal neoplasia. However, there was no un-
treated control group to compare to the treated
groups. These results should also be viewed with
some suspicion because the authors also reported
a 14% incidence of Zymbal gland tumors in the
rats exposed to amosite alone. The historical rate
of Zymbal gland tumors in the Bicassay Program
is 0.34%, indicating that this is a relatively rare
tumor (19). However, AOM is known to induce
Zymbal gland tumors with a sngle dose of 5.1 mg/
kg in male F344 rats producing a 14% incidence
of tumors in this organ (17); in this study 5.1 mg/
kg AOM also caused a 24% incidence of intestinal
neoplasia. A possible explanation for the inci-
dence of Zymbal gland tumors in the amosite
groups would be that they were inadvertently
exposed to AOM. If this occurred, these rats
would also be expected to show a high incidence of
intestinal neoplasms.

Conclusions

Under the conditions of this lifetime bioassay,
tremolite or amosite asbestos was not toxie, did
not affect survival, and was not carcinogenic
when ingested at a level of 1% in the diet by male
and female Fischer 344 rats. While there were
significant (p > 0.05) increases in the rate of C-
cell carcinomas of the thyroid in male, and mono-
cytic (mononuclear cell) leukemia in male rats
exposed to amosite asbestos compared to un-
treated controls, their biological significance is
questionable because of a lack of response in the
concurrent amosite and preweaning gavage
group or control group of the coroilary study,
nonaffect when all neoplasms of that organ are
analyzed, lack of significance when examined us-
ing life table analysis or the absence of neoplasia
in target organs. The cocarcinogenic studies us-
ing 1,2-dimethylhydrazine dihydrochloride

(DMH) were considered flawed because of the
high rate of intestinal carcinogenesis in both the
DMH and amosite asbestes and DMH alone

groups.

The animal phase of this study was performed at Hazleton
Laboratories America, Vienna, VA. This project has been
funded with federal funds from the National Institute of
Environmental Health Sciences (NIH), Research Triangle
Park, NC, under contract #5-2158. Partial funding was pro-
vided by the Environmental Protection Agency under Intera-
gency Agreement #D70756.

The research described in this paper has been peer and
administratively reviewed by the U.S. Environmental Protec-
tion Agency and approved for presentation and publication.
Mention of trade names or commercial products does not
constitute endorsement or recommendation for use.
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Relation of Particle Dimension - to Carcmogemc:ty in Amphlbole

Asbestoses and Other Fibrous

ABSTRAGT——In 72 experiments, durable minérals in the form of
particles on respirable size and of wide chemical and structural

- varieties, wers implanted In the pfeuras of outbred, lemale Osborne-u -
- Mendel rats for periods of more than 1 year. The incidence of

induced malignant mesenchymat neoplasms correlated well with

‘the dimensional distribution of the perticles. The probability of .-
_ pleural sarcoma correlated best with the number of fibers that
. .measured 0.25 gm or less in diameter and more than 8 pm In
" 'length but relatively high correlations were also noted wnh fibers

in other size categories having diameters up to' 1.5 pm and

lengths greater than 4 pm. Morphologic observations :indlcated

that short fibers and large-diameter fibers were inactivated by

. phagocytosis and hat negligible phagocytosls of Iong, !hm fibers

occurred. The wide variety of compounds used in these experi-
ments suggested that the carcinogenicity of fibers depended on
dimension and durability rather than on physicochemical prop-
erties.—JINCI 1981; 67:965-975.

Work in several laboratories has indicated that di-

verse varieties of minerals are carcinogenic when ap-

plied directly to the pleura of the rat or hamster in the
form_ol microscopic Iibers, i.e., particles with dimen-
sional aspect ratios of 3:] or greater (I-9). The same
minerals are much less carcinogenic when applied at
equal weight and size in nonfibrous form. Further,
preliminary experiments indicate that carcinogenicity
correlates best with increasing numbers of fibers having
both diameters of 0.25 ym or less and lengths of more
than 8 um and that the comrelation diminishes with
fibers of greater diameter or lesser length. Conse-
quently, a reasonable conclusion is that the long, thin,
fibrous structure is critical to the carcinogenicity of
these minerals. Studies on fibrous samples within very.
narrow dimensional ranges would be valuable in the
establishment of this hypothesis, but these ideal sam-
ples are not available. Consequently, we are faced with

the correlation of carcinogenicity with fiber samples of

widely mixed dimension. The purpose of this report is
to correlate our best estimate of fibrous dimension with
carcinogenicity for all those minerals that we have
studied that are both durable and within the size range
of respirable particles. This involves 72 experiments
with minerals of wide chemical and struciural variety.
Of special interest are the diic on the amphibole
asbestoses: amosite, wremolite, and crocidolite, though
esumates ol the dimensions of the asbestoses arc
especially hable to error. Chrysetile, although as car-
canogenic as the amphivoles at comparable dimen-
sions, could not be included since it has proved
difficult to be measured with any degree of precisior.

Yos

Mmerals U

~Mearl F. Stanton, >4 Maxwell Layard, % ¢ Andrew Tegeris,7 Eliza Miller, > ® Margaret May, 3-4
- Elizabeth Morgan, 7*® and Alroy Smiith S

MATERIALS AND METHODS

None of the methods were appreciably different from .

those ‘déscribed in earlier papers (4, 6, 9-1I). Con-
sequently, only modifications of methods are detaijled

.here. A standard 40-mg dose of particles uniformly
. .dispersed in hardened gelatin was applied by open
" thoracotomy directly to the left pleural surface of 12- 1o
,20-weck-old outbred female Osbome-Mendel rats. In
-each experiment, 30-50 rats were Ircated and followed
- for 2 years, at which time the survivors were killed. All
- rats were necropsied and all lesions examined histo-

logically. A positive responrse was the occurrence of
pleural sarcomas that resembled the mesenchymal meso-
theliomas of man, developing after the lst year (12).
Three types of controls were considered: untreated rats,
rats that received thoracotomies but no pleural implant,
and rats with pleural implanis of nonfibrous material.
There were two types of spontanecus tumors that
could cause confusion: the fibrosarcomas of left mam-
mary glands and the subcutancous fibrosarcomas in-
duced by suture material. Vigilance and early surgical
removal accounted for most mammary wimors; the use

ABBREVIATIONS USED: alumin=aluminum oxide; amapul =atiapul-

" gite(s); crocid=crocidolite(s); dawson =dawsonite(s); halloy =halloy-

site(s}; UICC=International Union Against Cancer:
wollastonite(s).

wollasion =
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! The guidelines for lhe care and use of }aboratory animals were
followed as set fonh by the Commiitee on Revision of the Guide for
Laboratory Animal Facilities; by the Guide for the Care and Use of
Laboratory Animal Resources, the Nationzl Research Counal: and
by the National Institutes of Hesith,

¥ Laboratory of Pathology, Division of Cancer Biology and Diag-
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of synthetic, biodegradable, polyglycolic acid sutures
largely eliminated sulure sarcomas. An equwocal diag-
nosis for the origin of a iumor was necessary in less
than 1% of the tumors. The probability of pleural
sarcoma in each experiment was calculated by an
actuarial life eable method that accounts for early
deaths without pleural sarcoma and provides a good
means of making quantitative comparisons of one
experiment with another. Details of this method are
given in (13, 14).

The fibrous materials used in these experiments were
mostly commercial products that were submitted by the
manufacturers from an interest in their potential car-
cinogenicity. Consequently, they were used as received
and were not especially refined except in our.efforts to
separate particles by size, None- of the preparations

.appearcd overtly contaminated by other materials when

examined in the electron microscope. A few of the
small-fibered subfractions of the fibrous materials were
obtained by ball milling in a steel ball.mill and
consequently were comntaminated with fragments of

_steel. In general, subfractions were obtained by simple

gravimelric metheds in aqueous media to separate
fibers of different dimensions. These maneuvers in-
cluded sedimentation, centrifugation, and filtration,
which in some instances were also responsible for the
reduction of the size of the particles but did not

otherwise alter the particles physically or chemically.

Eleven chemically and structurally different groups of
fibers were available for study, and samples studied are
listed -in text-figure I and table 1. Six major groups of
particles had multiple dimensional ranges; these in-
clude: crocidolites: (samples crocid i-13), glasses (glass
1-22}, aluminum oxide whiskers (alumin 1-8), talcs
(talc 1-7), dawsonites {dawson 1-7), and wollastonites
(wollaston 1-4). Seven additional types of particles had
only one or (wo dimensional ranges. These were the
amphibole ashestoses tremolite (tremolite I, 2} and
amosite, the clays atiapulgite (auapul 1, 2) and halloy-
sitc (halloy 1, 2), crystals of silicon carbide and

potassium titanate (titanate 1, 2), and nickel titanate

(titanate 3). All of these materials have been described
elscwhere (4, 6, 10, 11, 15-18), but the following
information is pertinent.,

Crocidolite (crocid [-13).—These 13 samples of South
African crocidolite (an amphibole asbestos) were from
four diflerent sources. - Samples crocid 1, 3, and 9
were prepared in our Jaboratory from a single sample
of hand-cobbed, unmilled ore. The ore sample was
hand milled without exposure to any meitallic ma-
rerials and reduced to the approximate size of com-
mercial crocidolite. Samples crocid 6, 7, 8, 11, 12, and
13 were all prepared in our laboratory by various
milling, sedimentation, and {lowation methods from a
single lot of standard UICC crocidotite designaied
crocid 5. Differciices tn dimension were the resuit of
different ‘milling times. Crocid 5, the original UIC
sample, has been characterized in (19, 20-23). Simples
crocid 4 and 10 were specimens prepared inoo oo
merecial laboratory from a single scparate sampie of

jN(]_ VOL 67, NO. 5 NOVEMBER [Y3)
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South Afncan crocndohtc and scpamted by centrifuga-
tion to obtain mutually exclusive size ranges from the
same sample (24). The remaining sample, crocid 2, was
obuained from Dr. J. C. Wagner (Medical Research
Council Pneumoconiosis Unit, Penarth, Wa]es) ‘as
representative of the material used by him in his
original experiments (25). It was our impression that
any mechanical manipulation of these samples could
both reduce the size of the particles by fragmentation
and effectively increase the size of the particles by
clumping. For this reason, probably the dimensional
measurements on crocidolite are the least represenranvc
of all the fibers measured. o

Glass (glass 1-22).—The first 18 of the 22 g]asscs‘ ;

were borosilicate glasses that have been previously - -
reported and can be recognized from those publications

by their letter designations (4, 10). Glasses 12, 14, 15,
and 18 were preparations of typical large-diametered
insulation glass fibers that were coated with a phenol-
formaldehyde binder. In the early experiments, glass 18
was used as a control and also served as a vehicle for
the implants. Glasses 19 and 20 were preparations of
large-diametered [ibrous glass that was leached to
remove all elements except 51032 These two glasses
were exceptionally fragile and contained many irreg-
ular fragments. Glasses 21 and 22 were large-diametered
extruded fibers with a microcrystalline aluminum ox-
ide content greater than 80% {glass 2I) and with a
microcrystalline zirconium oxide content greater than
9% (glass 22).

. Aluminum oxide (alumin 1-8).—The 8 samples of
aluminum oxide were all crystalline sapphire whiskers .
prepared by General Technologies Corporation, Reston,
Va., or by Thermokinetics Fiber Incorporated, Nutley.
N.J. (15-18, 25). Al of the samples were processed and
selected for dimensional ranges. Of the samples, 3 were
exceptionally noteworthy. Sampie alumin 8 was non-
fibrous, sample alumin 3 was exceptionally fine but
tended to cluster in nonfibrous balls, and sample
alumin 4 contained whiskers of aluminum nitride as
well as aluminum oxide.

Talcs (talc 1-7).—All seven talcs were refined maw
materials for commercial products. Each was from a
separate and diverse source and selected to include all
extreme ranges of dimension. Platelike structure was
consisterrt and was considered in the calculation of the
volume (15-18).

Dawsonite (dawson I-7).—The 7 dawsonite sam-
ples' (crystalline dehydroxy sodium aluminum car-
bonate [NaAl{OH):CQ,] were from several sources.
The characeeristics and synthesis of dawsonie can be
foond in (27, 28). Samples dawson 2 and 3 were
synthetic crystals prepared by a commercial company
(for dawson 2) and by the Bureau of Mines, U.S.
Department of Interior {for dawson 3). Sample dawson
4 was a natural crystalline dawsonite from the Olduvai
Gorge, Tanzania. The remaining 4 samples (dawson 1,
5, 6, and 7) were synthetic crystals from a second
ommercial company. These 4 sampl-s were especially
crystallized and sorted to achieve narrow ranges of size.
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_ Carcinogenicity of Fibrous Minerals

TABLE 1—Summary of 72 experiments with different ﬁbrous materials -

. Actual Percent Corlr)tmo/n log 2 Actual Percent C})rgmon log
xpt tumor fibers/ug, xpt . tumor ibers/ug.-
No. Compound  tumor o oohility <025umx  No,  Compound . tmoOr ity 0.25 umx
incidence + 9D S8 am incidence +SD 58 pm
1 Titanate 1 21/29 95+4.7 4.94 37 Halloy 1 4/25 20+9.0 0
2 Titanate 2 20/29 100 4,70 38 Halloy 2 h/28 23+9.3 0
3 Si carbide 17/26 100 5.15 -39 Glass 8 3/26 19£10.3 3.01
4 Dawson 5 26/29 100 4.94 40 Crocid 11 - 4/29 19+8.5 0
5 Tremolite 1 22/28 100 3.14 41 Glass 19 2/28 15390 0
6 Tremotite 2 21/28 100 2.84 42 Glass & 2/28 14494 184
7 Dawson 1 20125 95+4.8 4.66 43 Alumin 6 S 2/28 13188 0.82
8 Crocid 1- 18/27 94+6.0 5.21 44 Dawson 6 3/30 13+6.9 0
9 Crocid 2 17/24 93+6.5 4.30 45 Dawson 2 /27 12479 0
10 Crocid 3 15/23 93+6.9 5.01 46 Wollaston 2 2/25 1248.0 1]
‘11 Amosite 14/25 93+7.1 3.53 47 Croeid 12 2127 10+7.0 3.73
12 Crocid 4. 15/24 86+9.0 " 5.13 48 Attapul 2 2/29 11+756 0
13 Glass 1 917 85+13.2 5.16 49 Glass 10 2/27 8+5.6 0
14 Crocid 5 14/29 78+10.8 3.29 50 - Glass1l 1/27 8+5.5 0
15 Glass 2 12/31 77+16.6 4.29 51 Titanate 3 1/28 8+80 (1]
i6 Glass 3 20/29. 74385 3.59 52 Attapul 1 2/29 815.3 0
17 Glass 4 18/29 71491 402 53 Tale 1 1/26 7+6.9 0
-18 Alumin } - -16/24 70x10.2 3.63 54 Glass 12 1/25 T£5.4 0
19 Glass 5 16/25 69196 3.00 55 Glass 13 27 6x5.7 ¢
20 Dawson 7 16/30 6819.8 4.71 56 Glass 14 1/25 655 ¢
21 Dawson 4 11/26 66+12.2 4.01 57 Glass 15 1/24 6£5.9 1.30
22 Dawson 3 19/24 66+13.4 5.73 58 Alumin 7 1/25 5+5.1 0
23 Glass 6 e 64+17.7 4.01 59 Glass 16 1/29 5+4.4 0
24 Crocid 6 9/27 631139 4.60 60 Tale 3 1/2% 4+4.3 0
25 Crocid 7 11/26 56+11.7 2.65 61 Tale 2 1/30 4+3.8 0
26 Crocid 8 8/25 53+12.9 0 62 Talc 4 1/29 5449 0
27 Alumin 2 8/27 44117 2.95 -63 Alumin 8 1/28 3+34 0
28 Alumin 3 9/27 41+105 2.47 64 Glass 21 2/47 6+44 0
29 Crocid 9 8/27 3312938 4.25 65 Glass 22 1/45 223 0
- 30 Wollaston 1 5/20 31125 0 66 Glass 17 0/28 0 [1}
31 Aluemin 4 4/25 28+12.0 2.60 67 Glass 18 0/115 0 0
32 Croeid 10 6/29 37£13.5 3.09 68 Crocid 13 0729, 0 0
a3 Alumin 5 4/22 22+9 8 '3.73 69 Wollaston 4 0724 0 0
34 Glass 20 4/25 22+10.0 (1} 70 Ta 0/30 0 0
35 Glass 7 5/28 21x8.9 2.50 71 Ie§ 0/30 0 3.30
36 Wollaston 3 3/21 19+10.5. 0 72 Tale 7 0/25% 0 ]
RV fafl c

They represent an excellent size distribution for com-
parison. .

Wollastonite (wollaston 1-4).—Wollasionite is a na-
turally occurring crystalline fiber of monocalcium

stlicate (15-18). Four separate samples of this subsdtute

for asbestos were received from the same Canadian
mine. These were graded commercially according to
size by the designation A, B, D, and F. It was apparent
at low-power magnification that only grade F was
completely [ibrous and that these fibers were relatively
large. )

Tremolite (tremolite 1, 2).—The second type of
amphibole asbestos studied was tremolite, 2 material
that has a close affimity 1o the ales. Both of these
sanupies were from the same lot of ashestos and were in
the optimal range ol size for carcinogenesis. Compari-
son of these fibers indicated that they were distinctly
smaller in diameter than the remolite {ibers used by
Smith et al. (29).

Amosite.—The third amphibole asbeston studied was
a single sample of South *f:l.n amosite [rom the
UICC standard reference samples. No eflorts were made

to alter this as received, and descriptions of this sample
as published should apply (19, 21, 22).
Attapulgite (attapul 1-2).—Of the nawral fibers, the

clay attapulgite was of particular interest because of its

use in many household items that generate respirable
dust. Two diflerent samples of this complex hydrated
magnesium silicate were obwined from sources in
Attapulgus, Decawur County, Georgia. Both samples
were considerably refined, and by eleciron microscopy
they were seen to be composed entirely of short {ibers
of consistently small diameter (30). These refined clays
were considered by the U.S. Bureau of Mines to be 90%
or greater in purity, with the remaining 10% being
quarez,

Halloysite (halloy 1-2)—1Malloysite is a nmawral fi-
brous hydrated aluminsun silicate, which is respirable
and of minuie size. The 2 sumoles were obtained from
Dr. Walier Parham, who recovered them from the raw
wiater supply of Hong Kong. On examination these

samples were seen 1o have 2 wndency for clumping in’

water. In an offort o disperse the mimute fibers, the
seconel <unple was soniciied snd geaioa wiih sodium
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972 Stanton, lLayard, Tegeris, et al.

hexametaphosphate. Clumping persisted in this second
sample, and little different was seen between the 2
samples. '

Stlicon carbide (51 carbide).—QOne metallic crystal-
line whisker other than alumin was prepared by the
General Technologies Corporation. Silicon carbide
was a single sample, which was of exceptionally fine,
uniform dimension. .

Potasstum octatitanale (titanate 1-3).-—In addition to
. the synthetic crystals of dawsonite, aluminum oxide,
and silicon carbide, 2 samples of fibrous crystalline
potassium octatitanate (titanate b and. 2) were tested.
These were obtained from two different suppiiers but
they represent a single source. Because of the potential
carcinogenicity of metallic nickel, the control for these
2 samples was nonfibrous, finely ground nickel titanate
{titanate 3). ‘ .-

The 72 experiments represent all of the experiments
done in a single dose range and with durable minerals
and particles in the respirable range. Additional cori-
trols outside of these limits are mentioned in “Resulis.”

Fiber measurements.~—An aliquot of each of the 72
experimental mineral samples was placed on a Form-
var-covered. slotted grid with an opening measuring
1X2 mm. This grid was air dried and first examined
under the light microscope. if the {ibers appeared
satisfactorily disuributed, a photomontage of the entire
grid was made at a final magnification of X3,000. The
slotted grid was then placed in a Siemens electror’
microscope, Elmiskop 1-A, and the entire grid was
scanned at low magnification. From this scan, an area
that seemed 10 represent a typical disiribution of
particles in the specimen was selected for counting. At
a final magnification of about X5,000-100,000, 2 second
photomontage was made of that section of the gnd
selected 1o include particles typical of the samiple. This
selected area, which generally measured about 350X150
pm, was then located on the lower magnification
montage of the grid and examined o determine whether
the arca chosen was truly representative of the entire
grid. Finally, ali {ibers in the area were counted and
measured individually. For the diameters, a compura-
tive scale at the Mnal magniflication was used 10
measure magnified diameters that measured less than 1
mm. In most cases, the selected area counted included
at least 1,000.fibers, but the actual number varied with
the overall size of the particles.

Subsequently, with the aid of the IBM systemn 370
computer, assuming the [ibers 10 be of cylindrical
shape and using the density of the material, we were
able 10 estimate the weight of the counted samples and
the number of particles of a giv » dimension in the 40-
mg dose administered. For the purpose of culculation,
particles were grouped into 34 dimensional ranges as
mdicated in texe-figure 1. und the nember of particics
per microgram in cach category was calculaied. Duphi-
cate counts on the mone~ < «<ere done (.n most samples
and were surprisingly siealan as were counts on
diffcrent areas of the .oooe momrage. Fowever, when
studies of repeat samples from the original bers were
VOL. 82, NO. 5, NCVEMBER 193}
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made, considerable variation in counts occurred. Clearly,
the method is subject to several errors; calibration of
the electron microscope, deviation of particles from the
assumed cylindrical shape, and sampling errors, es-
pecially where large particles are concerned, represent
the major problems. Nevertheless, the estimates are
probably valid to within one order of magnilude.
Consequently, the counts are reported as the common
log with the chamacieristic of the log representing the
probable limit of accuracy (text-lig. 1).

RESULTS

Controls have been discussed in previous publica-
tions (4, 6, 9-11}), but they were approached here in a
slightly different way. In addition to untreated controls
we studied rats in which apen thoracotomy was per-
formed and a noncarcinogenic material was. ‘either .
applied 1o the pleura or implanted in the lung. These
3 groups (1able 2) were rats from numerous experi-
ments that were of the same- species, sex, and age and
that were housed in the same quarters. The incidence
of clearly apparent pleural neoplasms in untreated,
aged outbred Osborne-Mendel female rats was essentially
nonexistent. However, a few pleomorphic sarcomas that
might be confused with pleural tumors ocaurred in the
left thorax of both 1ireated and, to a ‘lesser degree,
untreated controls. Although these tumors involved the
thickness of the chest wall, in most cases the tumors
appeared to be derived either from mammary gland
fibroadenoma or from suture granuloma in the subcu-
taneous tissues. But there remained a few tumors for
which no definite origin could be determined and
which were histologically comparable with pleural
sarcomas. In both the experimenial groups and the
control groups these questionable tumors were counted
as pleural sarcomas. These essentially confusing 1u-
mors observed in the controls need to be taken into
account 1n the assessment of the carcinogenicity of the
experimental materials. The incidence of pleural sar-

TABLE 2.—/Incidence of pleural sarcomas in outbred female
Osborne-Mendel control rats

Noncar- Noncar-
. e« cinogenic cinogenic  Combined
Time, wk  Untreated pulmonary pleural controls”’
implants®  implants’
12-52 1/113 0749 0/47 1/209
53-65 0/15 2/26 1/72 3/113
66-78 0/26 4/50 3/64 T/140
79-91 0/68 1770 2/85 3/223
92-104 © 0/26 /72 e, 11/3%2
105-120 0/98 1/162 —1/36 2/296
121-130 1/66 0/3 1/69
131-143 0/27 0/27
144-156 0/27 0/27
156 1/22 1/22
Total 3/488 9/432 177598 28/1.518
Percent 0.6 2.1 28 1.9
° No. deac with pleural sarcomas/No. dead without pleural

SArcomas.



comas in all 3 control groups comibined, calculated by
the life table method (13), was 7.7+4.2%. Comparison
of this incidence with the pleural sarcoma incidence in
the 72 individual experiments showed that the inci-
dence of pleural sarcomas in a particular experimental
group was significantly greater than that in .the com-
bined control group only if it exceeded 30% (see expts
1-29 in 1able 1).

In regard to the conuols, some negative experxmcms,
with intrapleural implants not used as controls should

be mentioned. These experiments included intrapleural

implants that did not conform to the type of materials -

under consideration because the pamcles were " either

nondurable {coton limt, gypsum, and ; camgcenan)-

were of greater than respirable size:(steel shavings; steel
wool, vermiculite, palyurethane, tingsten carbide, and
infusorial earth), or were exclusively: nonfibrous. {poly-
acrylic nitrile, antigorite, silicon.‘dusts,; and. several
glasses) None of these experiments had an incidence of
pleural sarcoma that was significanily greater- than the
1.1% incidence of the combined control - group.
From ihe summarizadon-of ‘the 72 expenmem.s in

~table 1 and text-figure -1, even cursory examination of

the fiber disiribution suggested that particles in the
relatively thin- and jong-dimensional categories were
associated with higher tumor. probabilities. This obser-
vation was conlirmed by the saatistical correlation and
regression techniques thar were used in previous papers
(4, 8, 10). The logit transformation {13) was applied to
the estimated tumor probabilites (p) according ‘to the
formula: Logit=In [p/(1-p)], where In denotes the
natural logarithm. The 34 dimensional categories indi~
cated in 1ext- hgurc 1 were arbitrarily grouped into 11
Iarger categories, and the simple correlation coeflicients
of the logit of tumor probability with the common
logarithms of numbers of particles per microgram in
each of these categories was calculated (see table 3).
The maximum correlation coefficient, 0.80, was with
pamcles equal 1o or less than 0.25 pm in diameter and
greater than 8 um in length. There was no correlation
with particles equal to or less than 4 um in length or
with particles grecater than 1.5 gm in diameter, but
relatively good correlations were noted with log num-
bers of [ibers in categories greater than 4 pm in length
and up to 1.5 um in diameter, with correlaiion

coefficients of 0.45-0.80.

“The possibility of the existence of relationships
between the particle size distributions and tumor prob-

TABLE 3.—Carrelation coefficients of logit of tumor probability
with common logarithm of number of particies per microgram
in different dimensional ranges -

Fiber Fiber iength, gm
diameter

umn <4 >4-8 >8
>4 — -0.28 -0.30
>1.54 ~0. 4y -0.24 0.13
>0.25-15 0.01 045 0.68
<025 0.20 0.63 0.80

Qarclhogénlcity of Fibrous Minerals
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abilities, whxch are not disclosed by the simple correla-
tion coelficients in table 3, was explored by multiple
regression meéthods. These methods were used o Tind
the best-fitting function of the form: logit=a +b, x,
R I 4 by xi, where x), ....., xi represent the
common jogs of numbers of the particles per micro-
gram in the size categories of table 8, and a, &,, ... .,
bs are the regression coefficients to be estimated, The
analysis indicated that the addition of further dimen-
sional categories to the category with diameter equal to

‘or less-than 0.25 pm and with length greater than 8 pm

did not significantly improve the explanation of the

" variation in tumor probability. The regression equation
_ for the single variable (x) representing the common log

of number of particles per microgram with dizmeters
equal to or less than 0.25 pym and Iengths greater than

-8 J.zm was:

N

Infp/(1-p))=—2.62 + 0.9305x.
©24)  (@.0834)

: TThe numbers in parentheses beneath the regression

coefficients are their estimated standard deviations. The
relationship expressed by the above equation is highly
significant (P<0.0001). The estimated regression curve
is illustrated In text-figure 2.

The fact that the use of additional dimensional
categories did not significanily improve the fit of the
regression equation does not indicate lack of carcino-
genicity in other categories. The regression of logit of
tumor probability on common log ol numbers of
particles in other categories with a diameter up 10 1.5
pm and a length greater than 4 um would also indicate
a highty significant relationship. Thé dilficulty here is
that the numbers of particles in adjacent size categories
were highly correlated. Better definition of the critical
range of carcinogenicity would require more narrowly
defined samples (i.e., particles in a narrower dimen-
sional range). What is perhaps more likely than the
existence of a narrow range of sizes within which
particles are carcinogenic and outside of which they are
not 1s that 1he probability of tumor falls as particle
diameter increases and length decreases.

Of the 72 experimemts, 7 had tumor incidences thm
deviated markedly from those predicted by the est-
mated regression line. These were: experiments 5 (irem-
olite 1), 6 (tremolite 2), 26 (crocid 8), 29 {crocid 9), 33
(alumin 5), 47 {crocid 12), and 7! (talc 8) {see table |
and wext-fig. 2). For the [irst 3 of these experiments the
observed responses were higher than the predicted
responses, but the high responses can in pant be
explained by the fact that therc were substantial
numbers of fibers in size categories adiacent to the
category used in the regression equation. For the
remaining 1 experiments, the observed response was
substantially lower than the expected response; al-
though no apparent expua.ation exisied for these
deviations, they were possibly due 10 inaccuracics in
the assessment of (unctional particle size. In prepara-
tions of amphibole asbestoses (which inclided the
crocidolites and remolites), we observed that both
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C = crocidolite

G = glass

D = dawsonite

L = aluminum oxide
§ = silicon carbide
A = attapulgite

F = fitanate

T = 13lc

M = tremolite

W = weilastonite
H = halloysite

O = amosite

1.0p
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LOG NUMBER PARTICLES MEASURING < 0.25 ym x > 8 um PER MICROGRAM

TEXT-HGURE 22— Regression carve relating probability of tumor to logarithm of number of particles per ug with diameter £0.25 ym and

length >8 pm.

clumping and [ragmentation of the particles .were
greater than those in the other minerals, and estimates
of panticle size distribution in duplicate samples varied
most for amphibole asbestoses. ‘

DISCUSSION

The results show that 2 wide variety of compounds
that seem to have only dimension and durability in
common are carcinogenic for the pleura of the ratr. Our
conclusions regarding those dimensicnal categories
that correlate strongly with probability of pleural
tumor remain essentially the same as in previous
studies, namely, that probability of pleural sarcoma
correlates best with fibers that measure <0.25 pmX>8
um, but that relatively high correlations were also
observed with fibers in other categories having. a
diameter up 1o 1.5 pm and a length greater than 4 pm.
A more relined estimate of critical carcinogenic dimen-
ston may be .possible if the parameters of the experi-
ments were changed. A different animals species, lower
dosc. more precise means of fiber measurement, more
accurate volumetric calculitions, and samples with
narrower dimensional ranges @l might be determining
[actors in better assessment of the particle dimensions
critical o carcinogenicity However, we should keep in
mind two poin's: a) the dimensional himits are prob-
ably far from absolute, and b) we are dealing with
cancer in the rat and thus oxrrapolaton 0 mian may
not bhe precise.

It is clear fror the hivologic studies of these
experiments and of previous stadies that oar data offer
an explanaticir more for the Ik ol caramogenicity of
short fibers and thick fibers than for the carcino-

JN('I. VL. er, AQ0 5 NOVEMBER I'Ml

. genicity of long, thin fibers. Sections of preneoplastic
pleural lesions show avid phagocytosis of both short
fibers and large-diameter fibers but negligible phago-
cytosis of long, thin fibers. Consequently, in these
experimenis we may simply be measuring the ef-
ficiency of phagocytosis. Doubtless, we have little real
knowledge of the way that long, thin fibers can cause
cancer, but as Rous (3I) once said, ‘Since what we
think largely determines what we do, it 1s well that we
think something.” In the spirit of this quote, it might
be profitable to consider potential mechanisms of
cancer production by long, thin fibers. Of first impor-
tance are those hypotheses in which the progenitor of
the cancer cell is not directly affected by the fiber. The
long latent period would suggest that a generalized
alteration either in local milien or systemic environ-
ment might be ar faull. In this regard, the abundant
collagen in the prencoplastic pleural scars should be
noted. Consideration of a relationship between this
phenomenon and *‘solid-state’ carcinogenesis is attrac-
tive, though the reduciion of plastic sheets 1o small
particles tends 1o reduce carcinogenesis. Mechanisms of
sotid-state  carcinogenesis have been thoroughly re-
viewed by Brand (32), and little more nced be added.

Any hypothesis concerning fibers must take into
account the fact thar both short iihers and thick tihers
are less carcinogenic than fine, Jong fibers. Since dose
was fixed in weight, but was different in dimension for
all experiments, uiic ~night consider the surface area as
a possible factor. If this were the case then [ibers from
the same pool that were modified only by shorwening
shoukd be cqual in wumor-producing capactiy. Clews? |
this is not true in the following experimems: 13 (glas§
LoMOL) v expreriment 39 [glass 10, MOS see (#, 0 01],



and in experiment 24 (crocid 6) and experiment 25
(crocid 7) vs. experiment 40 {crocid 11}, experiment 47
{crocid 12), and experiment 68 (crocid 13). However, in
these examples the phagocytosis variable cannot be
ruled out

A provocative explanation relates to the ability of
fine, long fibers to penetraie cells without killing
them. That this can occur is evident from in vitro
swudies {33). However, simple penetration of cells by
mycelia of fine dimension {a notable aspect of con-
tamination of cell cultures by fungi) rarely produces
wransformation of cell cultures and thus is unlikely to
produce cancer. However, mineral [ibers differ from
fungi in their rigidity as well as chemical content, and
one easily could conceive of physical differences be-
tween the mineral fibers and mycelia !hal might bc
critical.

—
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UNIVERSITY OF MARYLAND

DEPARTMENT OF GEOLOGY
COLLEGE PARK, MARYLAND 20742

301.454.3548 August 1, 1984

Dr. C. S. Thompson

R. 7. Vanderbilt Company

30 Winfield Street "
Norwalk, Connecticut 06855

Dear Dr. Thompson:

In response to your request, the following is a 1ist of the sample
- numbers published by Stanton et al (1981)* and the information about the
sampies of wollastonite, talc and tremolite that I have found by going
through Stanton's mineral collection and notes. In some cases the
+ information is incomplete.

Sample # Tumor Probability (%) Sample Descrjpfion
Wollastonite 1 ' 30 Wollastonite A rec'd. from
. Dr. Mangan 1/16/79
Wollastonite 2 12 Wollastonite B rec'd. from
J. J. Mangan 1/16/79

Wollastonite 3 11 Wollastonite D rec'd. from
J. J. Mangan 1/16/79

Wollastonite 4 0 Wollastonite F rec'd. from
J. J. Mangan 1/16/79

Tale 1 7 Cyclo-Sorb.

Talc 2 4 J. and J. Baby Talc

Talc 3 4 Mistron Frost

Talc 4 3 Cyclo-Fil

Talc 5 0 Mistron Vapor

Talc 6 0 Nytal 300

Talc 7 0 Asbestine

Tremolite 1 100 Tremolite from California

Tremolite 2 100 Tremalite from California

Sin;ere]y yours,

Ann G. Wylie

*Mearl F. Stanton, Maxwell Layard, Andrew Tegeris, Eljza Miller, Margaret
May, Elizabeth Morgan and Alroy Smith, “"Relaticn of Particle Dimension to
Carcinogenicity in Amphibole Asbestoses and Other Fibrous Minerals”,
Journal of the National Cancer Institute, Vol. 67, No. 5, 1981, p. 965-975.
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AFFIDAVIT OF ANN G. WYLIE

Ann G. Wylie, having been dulv sworn, deposes and states as
follows:-

1. In 1972, I received a PhD in economic qeolqav from
Columbia University, \

2. I am currently an associate professor of aeocloay at the
Universitvy of Marvland, and acting associate dean for research in
the University's Graduate School.

3. I am also a member of the United States Devartment of
Education Task FPorce on Ashestos, and I have worked as a consul-
tant to the United States Bureau of Mines in matters that deal
with asbestos. Much of my research effort Auring the past ten
vears has been directed toward the studv of ashestos.

4, On July 5, 1984, 1 appeared at a public hearinag on
asbestos requlation held bv the Occupational Safetv and Health
Administration (OSHA). At that time, I explained the mineraloai-
cal characteristics of ashestos and ashestos fibers, and answered
various questions posed by parties to that hearina.

5. I understand that, éﬁrinq OSHA's hearina, several infi-
viduals claimed that tremolitic talc poses a health hazard, I

also understand that Dr. Mear) F, Stanton's research on fibrous

suhstances has been cited as evidence of the health hazard vosed

UL

B-GREEN-

by tremolitic talc.

A



6. I have reviewed the notes that Dr. Mearl F. Stanton
used to prepare his paper entitled "Relation of Particle
Dimpnsion to Carcinogenicitv in Amohibole Ashestoses: and Other
Fibrous Minerals"™ (Journal of the National Cancer Institute, Vol.
67, No. S5, 1981, oo, 965-978), From that review, I Qeterminea
that the seven talc samples Dr. Stanton discussed in his paper

actually consisted of the followina commercial products:

Tumor Probability

Dr. Stanton’'s Samole as Found By Commercial
Designatinn Nr. Stanton Product
Talc 1 T3 Cvclo-Sorh
Talc 2 - 4% Johnson & Johnson
Rabv Tale
Talc 3 4% Mistron Prosf
Talc 4 33 Cvclo-~Fil
Tale S 0% Mistron Vaper
. Talc 6 ns Nvtal 300
~ Talc 7 : 0% Ashestine

5. The samples designated Taic 1 -~ Talc 5 are marketed as
pure talcs. The samples designated Talc 6 and ™alc 7, Nvtal 100
and Asbestine, are or were marketed as tremolitic talcs. These
products usuallv contain approximately 30-%0% nonashestiform
tremolite by weight, and small cguantities of nonashestiform

anthophyllite and fibrous talc. Thus, for the two tremolitic




talc samples tested, Dr. Stanton found a 0% orobability of tumors

XA

in his experiments.

Ann G. Wylle

- 7
Subscribed and swq;pﬁﬁg%before me this "4Jz%av of ?&Zwuiéégflqed.
c % -

?\»
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HOAGLAND, LONGO,
MORAN, DUNST
& DOUKAS, LLP
ATTORNEYS AT LAW

40 PATERSON STREET
P O. BOX 430
NEW BRUNSWICK, NJ

HOAGLAND, LONGO, MORAN, DUNST & DOUKAS, LLP
40 Paterson Street, P.O. Box 480
New Brunswick, NJ 08903

(732) 5454717
Attomeys for Defendant, R. T, Vanderbilt Company, Inc.

Plaintiff(s), SUPERIOR COURT OF NEW JERSEY
MIDDLESEX COUNTY
BONNIE PARKER, Individually and as LAW DIVISION

Exacutrix of the Estate of PETER HIRSCH
DOCKET NO. MID-L-2708-03

Vvs.
CIVIL ACTION

Defandant(s),
AFFIDAVIT OF ANN G. WYLIE, Ph.D.

Carborundum Comoration, et al.

STATE OF MARYLAND
SS:
COUNTY OF PRINCE GEORGE

[, Ann G. Wyfie, of full age, being duly swom according to law, upon my cath depose and
say;

1. lam a P-ofessor of Geology and currently Interim Dean of the Graduate School and
have heen involvec with the study of the mineralagy of talc for many years and am fully familiar
with the facts of the within matter.

2. | am fully familiar with the sourcas of talc analyzed in Dr. Stanton's 1981 study.

3. Prior to his death, and while conducting the study at issue, Dr. Stanton was employed
by the Natianal Cencer Institute and worked out of his lab, which was located at Bethesda,
Maryland.

4. Sometime after his death, the National Cancer Institute contacted the University of
Maryland in the ea‘ly 1980s and indicated that they wanted the University to take possession of

Dr. Stanton's samples in their entirety and their documentation.



JUN-24-2085 13:85 FROM:PRESIDENTS OFFICE 381 314 95648 TD:917325454579 P.379

§. Atthis tire, | was chosen to receive the records as | was working with the Bureau of

Mines.

6. Upon review of the records, | noticed that some of the records regarding the 1981 study
were incomplete.

7. As aresult, 1 telephoned the National Cancer Institute and spoke with an employee who
Indicated that some of the missing racords might be in the possession of Dr. Stanton's wife at the
family home or in the archives at the National Cancer Institute.

8. After speaking to Mrs. Stanton, | leamed that Dr. Stanton did maintain some records
in his home.

9. Ithen made arrangements with Mrs. Stanton to review and pick up the records from the
attic.

10. ! also reviewed Dr. Stanton’s records at the National Cancer Institute.

11. Atthat point, | had all available records that Dr. Stanton retained regarding the 1981
study.

12. My purposa of the record review was to [dentify the sources of the various samples
because to a mineralogist, the origin of a sample is an important part of its identity.

13. Some time afier [ had possession of thesg records, | was requested to provide the
information | ﬁad rzgarding the origin of some of the samples used in the 1881 study by Dr.
Thompson, an employee of R.T. Vanderbitt.

14, Dr. Stanton's published paper showed that Ta!E 6 had 0% tumor probability when

m%m implanted in the lin ng of the lungs of lab rats. Dr. Stanton's notes indicated that Talc 6 was

& DOUKAS, LLP
AR
NEW SRUNSWICK, NI 16. Dr. Staton’s published paper showed that Tale 7 had 0% tumor probability when

implanted in the lin ng of the lungs of lab rats. Dr. Stanton’s notes indicated that Talc 7 was
Asbestine.
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16. Dr. Stanton’s mineral collection included mineral samples of Talc 6 and Talc 7.

17. | personally viewed the sample Talc 6 with the aid of a microscope. After viewing this
sample, | determined that it was consistent with the talc that R.T. Vanderbilt was currently mining
in the New York Mine. It has a distinctive minaratogy which is unique to this district.

18. Tam stil in retention of this sample.

19. | have review it recently and my opinion has not changed.

20. The bottle containing Talc 7 is currently empty. However, Dr. Stanfon's notes

identified it as Asbastine.
21. While my August 1, 1984, letter stated thatin some cases information was incomplets,

this statement relates only to the total number of samples. Afler reviewing all of the notes and
samples | belleved some may have basn missing. However, the information with regard to Talc

6 and Talc 7 whichwas listed in the August 1, 1984 letter is complete.
22. This Affidavit is made in support of Defendant(s), Hirsch v. R. T. Vanderbiit Company,

_Inc.'s, further brief a5 to the admissibility of documents identifying the sources of these sampies.

45 PATERSON STREET

PO BOX 40

NEVWY BRUNSWICK. M
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ANNG. WYLIE, PhD
Professor of Geology and
Interim Dean of the Graduate School

!:\voﬁd subsctibed to bafore ma
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Notary Public for Marytand

- Janet P. Tumbull
Noiciy Public State of Maryland
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A Reanalysis of the Stanton et al. Pleural Sarcoma Data

GARY W. OEHLERT

University of Minnesota, St. Paul, Minnesota 55108
Received July 5, 1990

An analysis of the Stanton et al. (1981, J. Natl. Cancer [nst. 67, 965-975) data reconfirms
number of index particles as the primary dimensional predictor of tumor incidence. Fitting
separate intercepts and/or slopes to each mineral type results in substantial significant
improvement in fit, indicating the importance of mineral type. This contrasts with the
“‘Stanton hypothesis,”’ which states that dimensional properties alone determine carcino-
genesis. Log mean aspect ratio is not as good a predictor of tumor incidence as the number
of index particles; among those samples that did not have index particles, log mean aspect
ratio is not a significant predictor of tumor incidence. © 1591 Academic Press, lnc.

INTRODUCTION

Stanton et al. (1981) report the resuits of 72 experiments wherein fibrous min-
erals were surgically inserted in the pleurae of rats and the rats were observed for
the incidence of pleural sarcoma. Specific methods and materials used by these
researchers can be found in their paper and references therein. The key finding of
their research was that the ability of mineral particles to cause tumors is mostly a
function of the dimensional properties of the particles, rather than physicochem-
ical properties; this is sometimes called the “‘Stanton hypothesis.”” The present
paper reanalyzes the Stanton ef al. data and makes two claims. First, in disagree-
ment with the Stanton hypothesis, the Stanton et al. data contain evidence that
mineral type is an important determinant of carcinogenicity in addition to the
important effect of particle dimensions. Second, in agreement with the Stanton er
al. results, the number of index particles is superior to other dimensional prop-
erties of particles (such as log mean aspect ratio) as a predictor of tumor; the other
dimensional properties may derive what predictive power they have from their
correlation with the number of index particles. .

Interest in the Stanton ef al. data has been reinvigorated recently as OSHA has
proposed new rules on occupational exposure to nonasbestiform tremolite, an-
thophyllite, and actinolite, and the Stanton et al. data figure prominently in the
OSHA document (OSHA 1990).

BACKGROUND

Our concern here is the statistical analysis of the Stanton et al. data and the
ways in which it can be improved. For each mineral sample, 30 to 50 (V) rats were
surgically treated and followed for 2 years. Rats surviving more than 1 year were
used to estimate the probability of tumor. Since some rats died due to other
causes, a life table method was used to estimate the probability of tumor 5, for /
from 1 to 72. The technique as described in Stanton er al. (1977) is also known as
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the Kaplan-Meier product limit estimate of survival (or mortality) (Kaplan and
Meier, 1958).

In addition to tumor data, Stanton e¢ al. collected dimensional data for each
mineral type. They then used these dimensional data to predict tumor incidence
via regression analysis. The dependent variable in their regressions was the logit
of tumor incidence: logit(p) = la (p/(1 — p)). The independent variables in the
regressions were the common logs of the number of particles in dimensional
categories. In particular, particles longer than 8 wm and narrower than 0.25 pum
are called index particles, and the (common log of the) number of index particles
in ! pg is singied out as a predictor of tumor. An carlier paper (Stanten et al.,
1977) reports using weighted regression, with weights equal to the estimated stan-
dard errors of the tumor probability estimates.

Several other authors have analyzed all or parts of the data in Stanton et al.
(1981). Bertrand and Pezerat (1980) analyzed the fibrous glass data in Stanton et
al. (1977). These authors also used regression of the logit of tumor probability on
dimensional characteristics. However, instead of the common log of particle
counts in dimensional categories, these authors used total count of particles,
average particle length, average particle diameter, and log average particle aspect
ratio for independent variables. Bertrand and Pezerat did their regressions with
and without weighting, but when they did use weights, they used weights inversely
proportional to the square of the standard error of the tumor probability estimates.
They concluded that the log of the average aspect ratio was a good predictor of
tumor incidence, corresponding to an assumption that all particles contribute to
carcinogenicity, with some dimensional classes more active than others.

Bonneau et al. (1986) reanalyzed the data in Stanton et al. (1981). They used
regression of the logit of tumor incidence probability on the log of average aspect
ratio, with weights equal to the estimated standard errors of the tumor probability
estimates. These authors analyzed crocidolite, dawsonite, alumina, and glass sep-
arately and presented separate regression equations. Thus, their analysis was
similar in methodology to the original analysis in Stanton ef al. (1981), but ana-
lyzed some minerals separately and used log mean aspect ratio as a predictor
instead of dimensional counts. They concluded that log mean aspect ratio was a
good predictor of tumor incidence and that mineral type was also important in -
predicting tumor incidence.

Wylie et al. (1987) presented a critique of the work in Stanton et al. (1981).
Their effort included reanalyzing some of the crocidolite samples used in Stanton
et al. to verify their dimensional characteristics. They found that the log of the
number of index particles is reasonably stable, varying by about 0.5 from trial to
trial. This supports the claim that the log of the number of index particles is
measuring a real characteristic of the material. They criticized the use of 0
(=log(1)) for the index number when the observed count of index particles was
zero (corresponding to —« = log(0)) and the use of all the data when there is an
apparent gap in the predicting covariate between materials with and without index
particles. They reanalyze the data which did have index particles.

We have two major criticisms of these analyses, plus some quibbles. The first
serious criticism is that the least squares regression used in all these analyses is
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not appropriate. Instead, we should use logistic regression. Logistic regression is
specifically designed for the statistical structure of binomial counts {of tumors)
and provides more efficient estimates than linear regression. None of the weight-
ing schemes used is equivalent to logistic regression. See under the Methods
section.

Besides giving efficient estimates, logistic regression avoids some problems that
arise in the least squares regression approach. For example, the logit of 0 or [ is
infinite, yet many materials had no tumors, and some materials had 100% tumors.
These materials would dominate the linear regression, but in fact, they have little
information about the slope. For example, Fig. 1 of Bertrand and Pezerat (1980)
shows a curve which closely fits the points near 0 and | tumor probability, but
misses most of the points in the middle.

Another advantage of logistic regression is that we have an absolute measure of
goodness of fit—the deviance. A large deviance indicates model lack of fit, and we
may calibrate the deviance by comparing it to a chi-square random variable.
Therefore, we can determine when there is significant lack of fit in a model,

The second criticism is that Stanton et al. (1981) and Wylie er al. (1987) did not
allow for separate models by mineral type. We shall show (in agreement with
Bonneau ez al. 1986) that mineral type is an important predictor of carcinogenicity
and needs to be included.

The log of the number of index particles is criticized in Wylie et al. (1987)
because some materials exhibit no index particles. Moreover, the use of log(1)
instead of log{0) when there are no index particles (as was done in Stanton et al.
(1981)) is criticized as arbitrary. We agree that the use of log(1) is arbitrary, but
feel that using log(1) is preferable to deleting all those materials from the analysis
(as was done in Wylie ef al.). Adding a constant to counts before taking logs is
called “‘starting the count’” by Tukey (1977), who suggested adding 1/6. Both
Tukey (1977) and Maosteller and Tukey (1977) have discussions on how to choose
the constant, and note that many values have been suggested including 1/6, 1/4,
1/3, 172, and i. For the Stanton et ai. data, the choice hardly matters.

METHODS

Suppose that y; is a binomial count of tumors in N; test animals. The observed
fraction of animals having tumor is thus y/N;. The true probability of tumor is p;,
and we assume that

logit{p) = a + bx,,

where x, is a known covariate such as index number or log mean aspect ratio.
Logistic regression fits the parameters a and b to the data via maximum likelihood
based on the binomial assumptions. More generally, we may use more than one
predicting variable for the logit of p, in analogy with multiple regression. See
McCullagh and Nelder (1983) for a detailed discussion of logistic regression. Many
standard statistical software packages have facilities for fitting logistic regression.
This paper uses the GLIM package (Payne 1986).

In order to use logistic regression, we need the sample size N,, tumor count y;,
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and covariates for each experiment. We may obtain the log particle counts by
dimensional category from Stanton et al. (1981). We then transform these log
counts into covariates. The covariates examined in this study include:

® The common log of the number of particles per microgram with length greater
than 8 um and diameter less than 0.25 pm (index particles), as in Stanton ef al.
(1981),

® The log of the number of nonindex particles per microgram greater than 4 um
in length and less than 1.5 pm in diameter;

® The fractions of particles in these dimensional groups;

® The log of the mean particle aspect ratio, as in Bertrand and Pezerat (1980)
and Bonneau er al. (1986);

e The log of total particle count per microgram;

& The log of the product of mean aspect ratio and total particle count;

® The 90th, 95th, and 99th percentiles of log aspect ratio;

® The 1000th and 10,000th largest log aspect ratio per microgram.

To compute aspect ratios, we used the length and diameter values given in Ber-
trand and Pezerat (1980). In this paper, we abbreviate the log of the number of
index particles by Inip and the fraction of index particles (i.e., the fraction of
particles that are index particles) by fip.

For each experiment, logistic regression needs the number of animals with
tumor and the number of animals on test. The Stanton et al. data do not have this
form; we do know the number of animals with tumor d;, and we know the number
of animals originally put on test N;, but some animals are lost from the study due
to nontumor mortality. These lost animals are not on test for the full time period.
We may compute an ‘‘effective sample size'’ by using the estimated tumor prob-
ability p; and the standard error of the estimate s; (see Kaplan and Meier 1958):

61 — pi
Nm:’i}_z_e_)__ 4}

The largest possible value for the effective sample size in N,, which occurs if all
tumor deaths precede ail nontumor deaths. The smallest possible value for the
effective sample size is di/p;, which occurs if all nontumor deaths precede all
tumor deaths.

For example, consider the noncarcinogenic pleural implant control rats de-
scribed in Table 2 of Stanton er al. (1981). There were 568 rats which survived 52
weeks. In the second year, 16 died with tumor, 250 were lost due to nontumor
mortality, and 37 survived the second year. The estimated probability of tumor is
Peontrat = 0.0414, with a standard error of 5.oq.0 = 0.01028. This gives an effec-
tive sample size of 375.5, or 66% of the starting sample size N,.

We computed an effective sample size for the Stanton ef al. data in the follow-
ing way. All groups with g; = 1 (estimated tumor probabiiity 100%) were given an
effective sample size equal to d;, the number of animals observed with tumor. All
groups with g, = 0 (estimated tumor probability 0%) were given an effective
sample size equal to 0.661 N, using the analogy that noncarcinogenic or low
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carcinogenic materials will lose about the same fraction of animals to nontumor
death as was observed in the noncarcinogenic pleural implant control rats. All
groups with 0 < g; < | were given an effective sample size computed according
to Eq. (1) using the j,; and s; values from Table 1 of Stanton et al. (1981). If the
computed effective sample size was smaller than the lower bound value, the lower
bound value was used as the effective sample size.

Tabie 1 of Stanton et al. (1981) contains a few guestionable numbers. Wylie et
al. (1987) correct the estimated tumor probability for crocidolite 10, giving a
corrected value of 0.26. We have used the new value. The common log of the
number of index particles per micrograms for experiments 1 and 5 do not match
the data as given in Fig. [ of Stanton ef al. (1981). We have used values computed
from Fig. 1. Finally, 16 of the 72 experiments (numbers 8, 9, 10, 11, 12, 13, 14, 15,
23, 30, 32, 35, 60, 63, 64, 65) had lower bounds for effective sample size which
exceeded the effective sampie size computed from Eq. (1) by 2 or more. We have
chosen to use the lower bound in these cases because, (1) the computation of the
lower bound depends on 4; and g;, which are more likely to be accurately com-
puted than p; and s;; and (2} most of the flagged experiments have a p; value near
[ or 0, and a small 5; value, making the computation of effective sample size more
sensitive to roundoff error.

In our analysis, we will compute P-values to assess the statistical significance
of various predictors. The P-value for adding a predictor to a mode! is the prob-
ability that adding a worthless predictor to the mode! resuits in an improvement in
model fit as great as or greater than what we observed for our given predictor.
(Even random noise can explain some variation in the data.) A small P-value thus
means that it is unlikely that a worthless predictor could have made an improve-
ment in model fit as great as what we observed. Predictors with P-values less than
0.05 or 0.01 are usually referred to as statistically significant, though these cutoffs
have little basis other than tradition.

RESULTS

Analysis revealed that none of the alternative predicting variables alone was
nearly as good as Inip, the original proposal in Stanton e al. (1981), though some
variables could be used in conjunction with Inip to polish the fit. Type of material
was also important, and separate curves need to be fit for each material.

The logistic regression fit using Inip gives the results found in Table 1. These
coefficients are close to those given in Stanton er al., although the standard errors
here are smaller. We note that Inip is highly statistically significant and that the
deviance shows considerable remaining lack of fit.

TABLE 1
CoefrFICIENTS (SE) FOR LNIP
Intercept —2.516 (0.1253)
Inip 0.8287 (0.0395)
Deviance 315.8

Degrees of freedom 70
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Altowing a separate intercept for each matenial significantly improves the fit of
the model (reduction in deviance = 122.7 with 11 degrees of freedom, P-value
effectively zero). The coefficients for this model are shown in Tabie 2. This mode]
has a deviance of 193 with 59 degrees of freedom, showing that there is still
significant lack of fit remaining. Notice the large intercepts and standard errors for
tremolite asbestos and silicon carbide. Both have small sample sizes (2 and 1), and
all three points have 100% tumor incidence. Thus, while we know that the inter-
cepts should be large, we have almost no information about just how large they
should be. Amosite is much more accurately estimated, even though it has only
one observation, because its response (93%) lies closer to the middle and is thus
more informative.

We may interpret differences in the intercepts as differences in log odds ratios.
For example, compare glass and talc. Their difference of intercepts is about 1.8,
and exp (1.8) is about 6. Thus the odds ratio of tumor for glass is about six times
the odds ratio for talc, when comparing talcs and glasses with the same Inip. When
there is a 50-50 chance of tumor for glass (odds ratio 1), there will be a I in 7
chance of tumor for talc (odds ratio 1/6). On the other hand, the difference of
intercepts for talc and wollastonite is about 2.75, and exp (2.75) is 15.6. Thus when
wollastonite has a 50-50 chance of tumor (odds ratio 1), there will be a 1 in 16.6
chance of tumor for talc (odds ratio 1/15.6).

Allowing a separate Inip slope for each material produces a further significant
improvement in fit (reduction in deviance = 26.8 with 6 degrees of freedom,
P-value 0.00016). The coefficients for this model are shown in Table 3, along with
the deviances by material. Slopes could not be estimated for wollastonite,
amosite, attapulgite, halloysite, and silicon carbide because either the sample
sizes were too small or the covariate Inip only took one value (typically zero).

All the mineral types fit the separate logistic models using Inip tolerably well
with the exception of crocidolite and dawsonite, which fit badly. Glass (P-value

TABLE 2
COEFFICIENTS FOR SEPARATE INTERCEPTS MODEL
Material Intercept SE
Crocidolite —2.498 0.2336
Glass —2.664 0.1671
Aluminum oxide —2.749 0.2350
Talc —4.457 0.5324
Dawsonite -2.221 0.2971
Wollastonite - 1.705 0.3438
Tremolite asbestos 7.353 12.67
Amosite ~-0.119 1.050
Attapulgite ~2.303 0.5244
Halloysite -1.299 Q.3761
Silicon carbide 5.621 18.32
Potassium octatitanate ~1.265 0.4714
Covariate Coefficient SE

Inip 0.7821 0.0496
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TABLE 3
CoefFFICIENTS (SE) FOR SEPARATE LINES MODEL

Matenal Intercept Slope Deviance df
Crocidolite —1.605 (0.3244) 0.5245 (0.08665) 79.64 11
Glass —3.143 (0.2488) 0.9927 (0.08639) 36.41 20
Aluminum oxide —2.765 (0.4804) 0.7883 (0.1662) 13.03 6
Talc —3.409 (0.5082) ~2.567 (14.87) 3.179 5
Dawsonite — 1.885 (0.4545) 0.6914 (0.1097) 23.05 S
Wollastonite — [.705 (0.3438) e a 8.18 3
Tremolite asbestos 9.683 (107.3) 0.05423 (32.97) 0.00 0
Amosite 2.639 (1.035) a @ 0.00 0
Attapulgite —2.303 (0.5244) a a 0.15 1
Halloysite —1.299 (0.3761) a a 0.05 1
Silicon carbide 9.649 (18.32) “ 4 0.00 0
Potassium octatitanate —~2.412 (1.008) 1.225  (0.2861) 2.06 1

“ Indicates not estimable.

for lack of fit = 0.02), aluminum oxide (0.04), and wollastonite (0.04) are marginal
fits. The dawsonite fit involves two samples with low tumor rates and low Inip and
five samples with high tumor rates and high Inip. Thus, the fit to Inip is significant.
However, within the high Inip group, the tumor rates differ considerably, and the
differences between these rates are not related to Enip. This leads to the lack of fit.
For crocidolite, there is a significant relationship between tumor rates and Inip,
but there are several wild deviations from the relationship, where samples with
low Inip have high tumor rates, and samples with high lnip have low tumor rates.

An alternative to producing separate curves for each material is to add addi-
tional covariates to the separate intercepts model. The log of the number of
nonindex particles less than 1.5 wm in diameter and more than 4 pm in length did
not improve the fit (P-value nearly 1). Adding the log of mean aspect ratio did
significantly improve the fit (reduction in deviance 12.4, P-vaiue 0.0004). How-
ever, adding the fraction of index particles (fip) improved the fit much more (new
deviance 163.1, P-value for inclusion of fip nearly 0), and log mean aspect ratio is
not significant if both Inip and fip are in the model (P-value 0.62). None of the
other variables could significantly improve the prediction of a model which in-
cluded Inip and fip. This improvement obtained by adding fip to the model is
significant, even after compensating for a search over many possible predictors
and groups of predictors. Moreover, this model with two covariates has a slightly
better fit than the model fitting Inip separately to each material. The coefficients
for the two covariate model are given in Table 4. Again, crocidolite fits this model
poorly, and several other materials have marginal fits.

We may also add additional variables to the separate lines model. Additional
covariates are significant for crocidolite, glass, and dawsonite; sizable improve-
ments in fit occur for crocidolite and dawsonite. However, these additional co-
variate fits have few degrees of freedom, and we worry that we may have overfit
the data. For this reason, we do not advocate the additional covariate fits sepa-
rately by mineral type.
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TABLE 4
COEFFICIENTS FOR TWO COVARIATE MODEL

Material Intercept SE Deviance df
Crocidolite -2.121 0.237 82.82 12
Glass -2.692 0.170 36.25 21
Aluminum oxide —-2.970 0.252 5.13 7
Talc —-4.159 0.524 9.44 6
Dawsonite —2.360 0.309 14.11 6
Wollastonite —1.705 0.344 8.18 3
Tremolite asbestos 7.83% 12.70 0.00 |
Amosite 0.187 1.051 0 0
Attapuigite —2.303 0.524 0.15 1
Halloysite —1.299 0.376 0.05 1
Silicon carbide 5.004 18.32 0 0
Potassium octatitanate —-1.072 0.448 7.18 2

Covariate Coefficient SE
Inip 0611 0.058
fip 3.556 0.678

7 Degrees of freedom by mineral type are not adjusted for the covariates and are thus slightly too
large.

The log mean aspect ratio is a significant predictor of tumor incidence by itself
(P-value near zero), but the deviance of 538.7 shows that it does not fit the data
nearly as well as Inip (which had a deviance of 315.8). Adding log mean aspect
ratio to the model containing separate intercepts and lnip does make a significant
reduction in the deviance, but adding log mean aspect ratio does not make a
significant reduction in deviance when fip is also in the model (P-value 0.62).
Adding inip to a model with log mean aspect ratio (with or without separate
intercepts) significantly improves the fit (P-values near zero). The preceding two
statements are true if we restrict ourselves just to samples that have index parti-
cles. Among those materials with no index particles, log mean aspect ratio is not
a significant predictor of tumor probability (P-value 0.24 for common intercept,
0.97 for separate intercepts). These results suggest that the predictive power that
log mean aspect ratio does possess is mostly a function of its correlation with Inip.
That is, the data indicate that log mean aspect ratio does not contain significant
information about tumor incidence above and beyond what is in lnip.

Log nonindex particle count in dimension categories with length greater than 4
pm and diameter less than 1.5 pwm is not a significant predictor after allowing for
Inip and separate materials intercepts (P-value nearly 1). The log total count with
length greater than 4 um and diameter less than 1.5 pm is a significant predictor,
but this count includes the index particles and is probably deriving its predictive
power from the index counts.

Table 5 summarizes the models and their deviances.

DISCUSSION

This work has verified the claim in Stanton et al. (1981) that the number of index




MEsos pitihheibh

202 GARY W. OEHLERT

TABLE 5
SuMmmary oF MopeLs Fir

Variables in model Deviance df
Constant 986.5 71
Aspect ratio 538.7 70
Inip 3158 70
Inip + aspect 309.8 69
Type + Inip (separate intercepts) 193.1 59
Type + lnip - type (separate lines) 166.3 53
Type + Inip + fip (two covariates) 163.1 58
Type + Inip + fip + aspect 162.8 57

particles was the best dimensional predictor of tumor incidence; at least we could
not find any better predictors. However, significant improvements in fit can be
accomplished by allowing separate curves for the different materials types, and by
including additional covariates, particularly fip. Thus, using a singie criterion
(such as number of index particles) for all material types may badly overestimate
the tumor potential of some types and badly underestimate the tumor potential of
other types. The type of particle is important.

The models estimated in this work reinforce the idea that the probability of
tumor is related to the count (or fraction) of very long, very thin particles. The
numbers or distributions of particles outside the index class did not seem to have
any significant predictive power. It remains possibie that nonindex particles con-
tribute to carcinogenicity, but the Stanton data are not sufficiently precise to
establish such a connection.

We have established that dimensional properties are not the sole determinants
of carcinogenicity. We have not, however, found prediction models which are
themselves completely satisfactory. In particular, crocidolite is poorly fit by all
models considered, and fits for several other materials are marginal. All of the
prediction models are dependent on the material samples used in the original
Stanton et al. experiment. The models can only predict carcinogenicity for the
same materials as in the experiment, processed in the same fashion. We cannot
necessarily extrapolate these prediction models to other samples of the same
materials, possibly processed in other ways. To do this, we would need to know
how representative the Stanton et al. samples were of other samples of the same
materials, and how much varijability there is within the populations.

We have produced four models of varying complexity. The simplest model uses
Inip as a covariate and has a common intercept for all mineral types. This model
does not fit adequately. The next model uses Inip as a covariate and separate
intercepts for each material type. This should be the smallest model considered.
The last two models are rather different but of comparable complexity and good-
ness of fit. The model of separate lines for each material using Inip and the two
covariate model both significantly improve over the single slope model. We favor
the two covariate model because it fits slightly more simple, it fits slightly better,
and it permits the construction of smoothly varying tumor probability estimates
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FIG. 1. Observed tumor incidence versus linear predictor for four logistic regression fits. (a) Lnip
model; (b) separate intercepts model; (c) separate lines model; (d) two covariates model.
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for all material types (though we need to worry about extrapolating beyond the
range of predictors in the experiment).

We illustrate the fit of the four models in Fig. 1. The four panels of Fig. 1 plot
the observed incidence of tumor against the linear predictor in the logistic regres-
sion for the models using (a) lnip, (b) separate intercepts and lnip, (c) separate
lines, and (d) separate intercepts, lnip, and fip. (The linear predictor is the sum of
the intercept and the linear combination of the covariates.) The letters in each
panel indicate the type of material and are the same as in Stanton ef al. (1981): C,
crocidolite, G, glass, D, dawsonite, L, aluminum oxide, S, silicon carbide, A,
attapulgite, P, titanate, T, talc, M, tremolite, W, wollastonite, H, halloysite, and
0O, amosite. This view emphasizes the overall quality of the fit. There is a clear
improvement in fit as you advance through the panels.

Table 3 lists the coefficient of lnip for talc as -2.567 (14.87). This negative
coefficient has a very large standard error and is not significantly different from
zero. The negative coefficient arises from the single talc sample that had index
particies but had no tumors; it is not evidence that talc reduces tumor incidence.

- We have criticized the methods of others and should, in fairness, state that the
current work is not without weaknesses. In particular, the computation of effec-
tive sample size seems the weakest link of this analysis. Access to the actual dates
of tumor and nontumor deaths {for example, as shown in Stanton et al. (1977)
would allow a more reliable computation of effective sample size.

We also conjecture that improvements in the fit can be achieved by modelling
the two-dimensional distribution (length by diameter} of particles for a given
material and computing a smoothed estimate of the number of particles in the
index class. This modelling could be done via poisson regression (McCullagh and
Nelder, 1983) on the actual counts in the various dimensional classes, provided
that data were available. Assuming the modelling is adequate, the resulting counts
of index particles per microgram should be more accurate than the observed
counts used here. This method should also eliminate some zero counts and pro-
vide some estimates between 0 and 2.5, two criticisms of Inip found in Wylie er al.
(1987).

Finally, we note in agreement with other authors that the crocidolite data are
not well fit by the model. Stanton et al. (1981) suggested that this may be.a resuit
of the difficuity in counting the crocidolite particles, particularly from preparation
to preparation. It is possible to incorporate this type of error into the prediction
model by using an ‘‘errors in variables'’ model which assumes that the observed
Inip is equal to the true Inip plus an error. The variability of this error is estimated
simultaneously with the logistic parameters. We have not attempted this analysis.
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Some years ago, we began to test specially prepared samples of minerals for
carcinogenicity and fibrogenicity by intrapleural injection into hamsters. In these
tests, we found that we could get tumors resembling mesotheliomas by injecting
preparations of chrysotile asbestos fibers, provided that we used large enough
doses, and provided that we used preparations with large numbers of fibers longer
than 20 um (Smith, 1974; Smith and Hubert, 1974). From experiments with glass
fibers, we learned that not only the length, but also the diameter of fibers was
important, tumors resulting in hamsters after the injection of fibers 0.75 pm in
diameter, but not with fibers 5 um in diameter (Smith and Hubert, 1974).

Our long-fiber preparations of chrysotile induced extensive, fibrous pleural
adhesions, and the eccasional tumors came later; whereas our short fiber prepara-
ticns did not. A question then arose as to whether the tumors were a non-specific
result of mesothelial cells becoming trapped in fibrous pleural adhesions where their
oxygen supply could be impaired, ard malignant change might occur, according to
Warburg’s theory of carcinogenesis (Warburg, 1956).

TABLE 1. Tests of Samples of Tremolite by Intrapleural injection in Hamsters {Suspension of all samples
except 72N were autoclaved hefore injection.)

Sample Tumors/survivors! Tumors/survivors'
Number
Dose:25mg Dose: 10 mg
350 500 600 350 500 600
. days days days days days days
14 0/35 0s27 0/20
275 0/31 0/15 0/3* 0/34 0/14 0/¢"
31 2/28 4/9 &6/5 1/41 1/19 1/11
72 3/20 5/6 5/1 0/13 1/6 372
72N 4/22 9/10 11/2 n/25 0/19 6/9

'Numerator = curnulative number of hamsters with tumors related to treatment. Denominator = number
sSuUrvivors

*2 additionat ann .2l survive

*6 additional animals survive

Reprinted from DUSTS and DISEASE
Published by Pathotox Pubhshers 1979

[P T T [ . -

S —



336 < N SMITHET AL.

To explore that question we attempted to induce fibrosts by injecting talc, since
talc had occasionally been used .in surgery in attempts 1o induce adhesions of
pleural surfaces for the treatment of pneumothorax. We bought a commercially
available industrial talc, and injected that into the pleural space of hamsters. This
material induced very little fibrosis, and no tumors.

The sample of industrial talc that we had used was obtained from a distributor,
Whittaker, Clark & Daniels, Inc., in New York City undertheirlabel “# 13 Talc”, which
is described by them as a fibrous talc from New York State. It became our sample
FD-14, whose physical and chemical characteristics have been previously de-
scribed, along with results of our biologic tests of it {Smith, 1974). It was found to
contain 50% tremolite, 35% talc, 10% antigorite and 5% chilorite.

Since then, we have carried out intrapleural tests in hamsters with 3 different
samples of tremolite specially prepared by various milling and separation tech-
nigues. Biologic responses to these samples have differed, as shown in Table 1.

The top line in Table 1 is data from our previously published tests of tremolitic
talc (FD-14). It was tested only at our highest dose leve! (25 mg), and, as shown, no
tumors resulted. The other samples (275, 31 and 72) listed in Table 1 are the
preparations made from tremolitic ores. Sample 275 was isclated from a sample of
tremolite taken from a tremolitic talc ore body similar to those from which FD-14 was
produced. Sample 31 was prepared from a sample of tremolite taken from a deposit
of tremolitic talc in the western United. States. Sample 72 was prepared from a
specimen of asbestiform tremolite. -

As shown, no tumors related to treatment were found in animals injected with
sample 275 at either the 25 mg or 10 mg dose level. A few animals treated with that
sample are still living; however, from comparison with the other samples, it appears
to be non-carcinogenic, (Animals surviving at time of presentation of this paper were
subsequently necropsied. no tumors were found in them).

In contrast, tumors related to treatment were found in some animals injected
with samples 31 and 72 at the 25 mg dose level, and less often, at the 10 mg dose
level. The first tumor was found 184 days after injection, and most of the tumors by a
year or longer after starting the tests. To compare the carcinogenicity of these
samples, one must therefore bear in mind the number of animals that survived long
into the period of the experiments. The number of survivors at various times, and the
cumulative number of animals with tumors related to treatment are shown in Table 1.
We conclude that sample 31 is less carcinogenic than sample 72. As shown, at the
10 mg dose, only a single tumor arose in response to sample 31, despite the refative
number of animals that survived into late periods of the experiment. Pleural fibrosis
was'extensive in animals treated with sample 72, less so with 31, and very slight with
275 and FD-14. The fibrogenicity of these samples thus paralleled their carcinogen-
icity. )

For intrapleural injection, our routine procedure has been to suspend mineral
sampies in saline, and sterilize the suspensions by autociaving, before injection. In
the present work, we injected one group of hamsters with a suspension of sample
72, autoclaved in our usual manner, and \+ 2 injected another group of hamsters with
a suspension of sample 72 that had not been autoclaved. Table 1 shows that more
tumors occurred in the group given matenal that haf ot been autoclaved, but this
may not be significant because the n.u"Lor of survivers in these 2 groups are 50
different.

When the samples are compared ~'~rascopically, morphologic differences cun
be seen. Figure 1 shows scanning electron micrographs of each sample at x 1259.
Comparative measurements of fiber size distributions in those samples are not vet
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FIGURE 1. Scanning electron micrograpt's of samples FD-14 (upper left), 275 (upper nght),

iett) and 72 (lower right). Scale on miciogr i Gas = 5 pm, Ordginal magnification x1250.




338 SMITH ET AL.

available, but differences can be visualized from thure 1, m whlch each micrograph
bears a 5 um scale. .

The sample that induced maost tumors (Number 72) is seen to contain numer-
ous long, thin fibers with parallel sides. Average diameter of these fibers has been
calcufated as 0.4um. By reference to the 5 um scale on the micrograph, it can be
seen that many of these fibers are longer than 20 um,

The less carcinogenic sample (Number 31) also shows many long, thin parti-
cles. Average diameter is 0.5 um, Some of these particles appear to have parallel
sides, but others, although elongated, appear to be rather roughly shaped, resembi-
ing acicular fragments rather than crystalline fibers.

Sample 275, which induced no tumors, shows the paucity of long, thin particles
so evident in samples 31 and 72. The average diameter of particlesin 275is 0.4 um,
Insample 31, asin 275, some of the elongated particles appear to be fibrous-shaped
with parallel sides, but others are rather roughly shaped acicular fragments.

The other sample that proved non-carcinogenic, FD-14, shows long fibers,
some thin and some thick, and many platy or amorphous particles. Recall that it
contains about 35 % talc. measurements of only the fibrous-shaped particles by
optical microscopy at x1000 were earlier reported to show an average diameter of
1.6 um (Smith, 1974). Measurements of fibrous-shaped particles in the presently
available scanning electron micrographs at x1250 show an average diameter of 1
pm,

The negative results with FD-14 may be explained by its lesser content of
tremolite, which was 50%, although a relatively low content of tremolite would not
explain the negative results with 275, X-ray diffraction studies of 275, 31 and 72
show their tremolite content to be, respéctively, about 95%, 90% and 95%.

To what can we attribute the positive results with 72 and 317? Since they contain
at least 5% of material other than tremolite, we cannot be sure that their activity is
due wholly, or even in part, to tremolite. If we assume that their activity'is due to
tremolite, then the experiments indicate that appropriately high doses of long, thin
particles of tremolite induced tumors, whereas high doses of shorter particles did
not. This would, of course, be consistent with previous findings by ourselves and
others with other materials, such as chrysotile and glass fibers.

From the point of view of industrial hygiene, it is noteworthy that the experi-
ments show clear-cut, dose-related responses to both preparations that induced
tumors. In addition, for estimation of biologic activity of materials containing tremo-
lite, the experiments show that consideration must be given, not merely to the
amount of tremolite, but also to other factors, such as the morphologic characterist-
ics of the mineral. Factors of host susceptibility must also be considered. Most
tumors in these experiments were diagnosed as mesotheliomas, of which some
were examined by electron microscopy and found to contain Type C virus particles
(Sobel et al., 1978). Observation of virus particles in the cells of these tumors
suggests further work to learn whether a virus is involved in the causation of
mesotheliomas.
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CHARACTERIZATION OF TREXCLITE-TALC ED-14
(DR. W. SMITH, FAIRLEIGH DICKINSON UNIVERSITY)

Dr. A. J. Goudie

Figures 1-$ are Scanning Electron Microsccpe photographs
(aAppendix A has the experimental procedures used) of
Tremolite-Talc FD-14. The photcgraphs show the diversity

. of particle shapes and sizes in this material. Since

FD~14 contains, besides talc; tremeclite and serpentine

:(antigorite) figures 10 through 15 are photographs for

comparison of tremolite and serpentine (malnly, antlgorlte)
standards.

Figures 16 through 19 are general views of FD~14 taken on
an Electron Microscope by McCrone Asscciates (Appencdix B
contains McCrone's enoerlmen;al procegure, as well as,
their detailed results). With Ele&tron ldicroscopy, one
is also able to diffract the electron beam off of the
surface of a particle or particles under exaunination.
‘This method, called Selected Area Electron Diffraction
(SAED) , results in a diffraction pattern which many times

is unique enough to identify the particle under examination.

For example, Figure 20 has been identified as antigorite
from its electron diffraction vattern (Figure 21). The
particle or particles in Figure 22 may also be antigorite
from its electron-diffraction pattern (Figure 23). Flgures
24 and 26 are identified from their respective diffractic
patterns (Figures 25 and 27) as tremolite. From morpholOgy
and SAED, FD-14 has been found to contain talc, antigorite
(serpentine), tremolite and chlorite. No chrysotile has
been detected. :

A rough miheralbgical breakdown of FD-14 has been done
from the Electron Microsccpe results, however, one is not

. looking at the total material as received but at the

separated fines below 5 n. in size. McCrone Associates
reports, based upon particle counting, the following
distributicn in FD-14; )

50% Fibrous Tremolite

10% Antigorite

35% Talc of which zbout 7
. and 25% rolled or Zib

2-5% Chlorite -

;vnrl-' _ .\

Y r?‘ ’

5% 1s platy
rous

N
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Another form of microscopy that has been used to charac-
—- terize FD-14, is Optical Microscopy. Optical microscoric
- examination of minerals, referred to ag petrograohic
analysis, results in the following percent mlneral break-
down based upon numoer of particles.

50-60% Amphibole (Tremolite) occurring as
_ : : broad lath shaped to long prismatic
. 7T TTTTT 0 777 and acicular shaped crystals.

15-20% Platy talc
20-30% Fibrous talc and talc shards
. 1% Carbonate mineral

X-Ray Diffraction

;Using the technique of x-ray diffractometry, the rollowing
riinerals were identified in the FD-14 sample at estimated
levels of concentratlon-

. Major: tremolite, tale ‘
B Minor: serpentine (antlgorlte), anthophylllte
Trace: quartz

'Quantltatlve analv51s of the tremol;te ylelded a value of
57% + 2% by weight (Appendix c). ‘

Size Analysis of FD-14

Particle size analysis (Appendix D) has beén carried out
on FD-14 using the Andreason Sedimentation-Method resulting
in a medium particle size of 8.5 u. Fiber diameter analy-
sis at 2,000X magnification (ADp“DdlY D) results ln the
follow1ng dlstrlbutlon.

1l p. 20%

1-2 n. 36%

e : 2-4 p.  32%
oo . . 4-6 p. 8% )

T 6-8 n. 2%

10}1. 2%
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Elemental Analysis

_Emission Spectrographic Analysis &f FD-14 (see

cc:y Dr. G. Hildick-Smith

Appendix E) reveals the following semi-guantitative

. elemental analysis:

10% Magnesium, Silicon
- 0.1-1.0% Aluminum, Calcium
0.01-0.1% . Phosphorus, Iron, Manganese

Quantitative analysis by Atomic Absorption Spectros-
copy for the following elements have been done.

Manganese -~ 0.17%

Chromium - 0.003% .
"Nickel - HNone PFPound . .

Cobalt ~ None Found

L Rt Rl

F. Robert Rolle, Ph.D.

" Dr. G. H. Lord
Dr. W. Nashed. _ - _
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SMITH FD-14

Process used to obtain particle width and length distribution data:

1.

None of the four tremolite samples used in this hamster intrapleural
injections study (Ref. 4} were sized by length and width in sufficient
detail for this dimensional comparison. In addition, only sample FD-14
was available for further analysis. This analysis was conducted by the
R. J. Lee Group (Project #RDHO003165).

FD-14 was an off-the-shelf sample of New York State tremolitic talc
obtained from a distributor of this product. This sample contained
approximately 50% tremolite with the remainder predominantly talc.
Accordingly, the sample analysis required the identification and sizing
of all tremolite particles in this sample. The sample was examined by
scanning electron microscopy (computer controlled) at a magnification of
2000X. Energy dispersive spectrometry x-ray analysis was conducted at
200,000X. 500 particles were characterized of which 64 were tremolite
"federal fibers".

The reported widths of all federal fiber tremolite was then compared to
determine the width distribution by percent. The aspect ratio
distribution and weight distribution of all federal fiber tremolite in
this sample was obtained as well.
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WILLIAM SMITH EXPERIMENTS (REFERENCE 4)

Dr. William Smith conducted hamster pleural injection

studies of four tremolite samples of differing morphology.

A 10 miiligram ond 25 milligram dose was singuiarly injected
into onimals in each group. These four samples were
designated as FD—14, FD-275, FD~31 and FD~72. Somple FD~14
1s an off —the—shelf sample of New York Stote tremolite tolc
provided by ¢ distributor of this product (40-60% tremolite) .
Somple FD—-275 wos a respirable sized concentrate (95%+) of
the tremolite in FO—14. Samples FD-72 and FD-31 were
provided by Johns Manville Corporation ang described os
fibrous and/or asbestiform in nature. The exoct origin of
these lotter two samples remoin unclear. Of these samples,
only FD—14 was avoilable for further analysis. Tumors were
observed for samples FD—31 ond FD—72 but were not observed
for FD—-14 ond FD-275.
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- Date: May 2, 1978
To: Mr. A. M. Harvey

From: K. C. Rieger

Subject:  Characterization of CPS 275-1 and FD-14 Samples

(1) OQOrigin:

CPS 275-1 was a hand picked sample of ourltypical sugary
tremolite. The sample was hand picked to avoid contamination of
associated minerals, -

. FD-14 is #13 talc from Whittaker, Clark & Daniels, Inc.
This is a 3X product produced by former International Talc Com-
pany. A similar grade produced today would be a NYTAL 200 pro-
duced by R. T. Vanderbilt. '

(2) Preparation:

CPS 275-1 was jaw crushed and bicoed. 500 g. of this
material were wet ball milled for 18 hours, suspended in 10 liters
of water and allowed to sediment for 2 hours.

Aliguot samples were taken at increasing depth and run
through a 10 ym microsieve to determine the +10 um/-10 um inter-
face. The solution was siphoned off to just about the inter-
face.

The resulting -10 pm suspension was run through a Buchner
funnel, oven dried and bicoed to obtain the final product. The
procedure was repeated twice.

The preparation of this tremolite was geared to obtain
respirable size fractions.

This sample was submitted to William Smith, M.D. on
March 31, 1976, by A. M. Harvey.

A similar ore type was submitted to NIEHS in much Targer
quantity (1200 1bs.?). This material, however, had different
particle size distribution.

Sample 275-1 could be characterized as being a tremolite
hand picked from a tremolitic talc ore similar to that FD-14 was
produced.
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#13 TALC — MAGNESIUM SILICATE

Source: New York

Color: White
Brightness: 8814
Description: 213 Talcisa fibrous talc.

Uses: Paint, caulking compounds, il cloth, putty.

Physical Constants: .
Tapped Bulk:

20 groms—500 times. . ........... =23 cc.
Apparent Density . ... ... ... SR = 54.4 Ibs. /cu. ft.
Loose Bulk: '
20 GQrams L. ... i e =51.9c.c.
Apparent Density ... .. et == 241 lbs. /cu. ft.
Specific Gravity ............ .. =272
TrueDensity .. - ccoivenennen . =22.66 Ibs./aal.
w=:.0441 gai /L.
Reflectance:
Green Stim. Filter. . ... .. ... =882
. ‘ Oil Absorp. (rub-out) ... ... ........ — 28
: Sieve Fineness: .
Thru200mesh. . . ............... = 99.82¢%
- Thru325mesh. ................. = 98.439;
pH e = 9.30
Slip o e Poor
Chemical Composition: © o '
Silica ........ e e et e L Si0, . 62.49%
Magnesium Oxide ........ ... ...... MgO 26.08
Calcium Oxide ... ..ot Ca0 5.10
Aluminum & Ferric Oxides. .. ... ALO, G Fe,O, 1.23
Manganous Oxide ................... MnO 0.44
Loss on lgnition .. ... ... . ....... 5.21
- - Comments: Widely used os ingredient in exterior house paints

because of durability characteristics of fibrous Talcs.

WHITYAKER, CLARK & DANIELS, INC. B .29-30

J\/—’M "1";7{/6‘/"‘"0( 61—@&— @1“790—147 /A"C
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William E. Smith, M.D.
P.O. Box 1067

Southwest Harbor, Maine 04679 RECEI1YVY ED

JE - 97885
Donna E, roliart, M,D, ENV HEALTH ARG
Environmental Health Associates, Inc. i EALTH ASS0C.
520 Third Street Suite 20°

ODakland, Calif., 91607

Dear Dr, Follart:

Tuis is in resnonse to your letter of the 1lth aid-our
nhone conversations,

My laboratory (Health Research Institute at Falrleigh
Dickinson University) closed and I retired in 1983,
From my recollection and material that I have, I can
offer the following,

Exneriments described in the vaver that vou cite

("Biologic Tests of Tremolite in Hamsters” by myself et al,
oo 335-9 in DUSTS AYD DISEASE, 1979) were carried out with
four prenarations of minerals identified by us as

Samples 1L, 275, 31 and 72.

As stated in that vaner,S&mple 1l was a commercial oroduct
said to be a "fibrous talc" from New York State., Details

of our biologic tests of that sample weve presented in
enclosed covy of an earlier vaver (Smith, W.E, "Bxverimental
Studies On Biological Effects Of Tremolite Talc On Hamsters”
00 43-8 in Proceedings of the Symposium on Tale, InTormation
Circular 8639. U,3, Bureau of Mines, 1974},

Sample 275 was vwrovided to us by Dr., Allan M, Harvey,
ReTe Vanderbilt Company, East Norwalk, Conn, He advised
that it had been prepared in his laboratory from a
tremolitic talc ore body in New York State, Dr. Harvey
could no doubt give you detailed information as to itg
origin, orevaration and characterization.

Samples 31 and 72 were provided to us by Dr, James Leineweber,
Johns-Manville Corv., Denver, Col. As satated in our ahove
pPaper in DUSTS AND DI3EASE, he advised that 31 was nrevared
in his laboratory from a devosit of tremolitic tmle in the
western United States and that 72 was vrewared in his lab
from a specimen of asbestiform tremolite, Dr. Leineweber ig
now dead, but others at Manville, vossiblyg Dr, “aul Xotin,
//‘ may have access to records re origin, vrevarastion and
characterization of those samoles, which were identified
as JM samole numbers 1368-31~1 and L173-72-1,



Dr, roliart
21 Mov 86 Orpe 2

' i

Ty laboratory at Pairlelgh Dickinson was set un Tor biolosic
ratner than mineralogic work, but, to get zome comnarison

of narticle shswes and sizes under the z2ame conditions,

we took eacn of the above Tour samnles to 2 nearby
commarcial lavoratory in New Jersey (3tru cbar:”rooe, Inc)
and they made scanning electron mic“ogvaqns at X1250,.

Renresentative arcas o7 those mlc“ogr anhsg were resoroduced
in our »namer 1n DUST3 AND DISEASE to comtare the Tour
samoles in a single nlate, The mnarticlee ¢
more clearly in tne enclozed »nrint of the 1la
suomitted Tor that »late,

e sean
r mnosto

The reonresentative areas were selected Trom aszemblias
of all of the 3EMs. I could send you orints of the
agsembled SEHMs for eaenh of the four samplss if vou
care to have them,

Ag can be seen in the micrograrhs, rost o7 She
vparticles in Sample 72 hsve fairly smooth Zaral
whereas most fiber-ghaned narticles, nobtadbly the
ones, in Samnle 31 tend to have rougher 3ides znd,
mignt be called acicular or cleavage fragments

I am not a mineralorist, but I believe <©
mo3t of the fiber-shaved narticles in 72
in nature as {lbers whereas most of the
rarticles in 31 resulted from nilling.

After oresentation of our nancer in DURIT3 27T TISFASE,
we used the aszembled X1250 SEMs to mave ﬁeasarelen+s
of fiber-shaped rarticles in them. From those measurerments

we calculated that nercent of ”’ber—snaﬂec narticles
10 pym or longer and 1 pn or less in diam etev ¥as
gzero for Sample 275, 1.5% for Samole 31, 7.

and 6.,2% for Sammle 1&.

Although percentage of lonz tain iber-saaned marticles
was found to be avout the same in Sammle 72, walech nroved
highly carcinogenic, as in Samole 1k, wnich -roved non-carcinocenic,

insnection of the microgravns Indicates tnat pumcer of
long thin fiber~shaned particles was mucih greater in
Samole 72, less In Samnle 31 (wnich was less carcinogenice
than 72), still less in Samvle 1l znd least In Samnle 278
(which nroved non-carcinorenic).

Carcinogeniclty of the four simnles asg mezsurec v intranlenral
injection In hamsters would thus a=near to «orrelate -—ith
content of fiber-shaned varticles 10 pm or longer and 1 pm

or less in diameter, Tremclite content re-orted to us

by others was 50% for Sawnle 1L and 90 - 357 for Sammles

275, 31 and 72.




Dr. Foliart
21 Yov 86 Dase 3

Above clted mesasurements made in our laboratory verse

made on vnarticles with asoect ratios 331 or greater

without vregard to whether side3 wére mnarallel or rousch,

Trom records in Dr, Leinewrster's lsboratory, Johns-Manville
may be able to orovide additional information, “erhavs

you or I could inquire re data on number and mass of
narticles in different sizes and sharncea in Samnles 31 and 72
which were J)Y samole numbers 11368-31-1 2nd li173-72-1.

Some mineralogic studies of our s=nmles have been made
in Dr. William Cammbell's laboratory at 7,3, Zvureaun of
Yines, His associate, Dr. Ann "ylie, whom I belleve
you know, could »"rovide and discuss thoze studles,

Enclosed nlease ~ind revnrint of our naver "Dimensions

Of Fidres In Relation to Biological Activity" bty

myself at al, vo 357 - 360 in BIOLOGICAL =FF=CTS OF

“INERAL RIBERES, vol, 1, IARC 1980,

I understand that von have conies of naners on tremolite

by Mearl Stanton and by J. C., "agner, Enclosed is cony

of a recent vaper by J.M.G, Davis et al titled "Inhalation
Studies On The Effects Of Tremolite And Brucite Dnst"In Rats"
Carcinogenesis 6: 667 ~ 67, 1985,

Trusting that the above may be of interest,

Sincerely,

Enclosures



\
-~y Dickinson Universiiy ck-Hagkensack Campus  Florham-Madison Campus
o Madison. New Jersey 07940
201-377-4700

Rutherford Campus Teane

12 May 1978

Mr. Konrad C. R@eger

Minerals, Ceramics & Paper Department
Research & Development Division

R.T. Vanderbilt Company, Inc.

30 winfield Street

Norwalk, Conn. 06855

Dear Konrad:

As you requested, herewith 20 grams of our sample FD-14.
This-was supplied to us from Whittaker, Clark & Daniels, Inc.,
NYC, on 4 May 1965 under their label "#13 TALC." We subsequently
used it for intrapleural injection into hamsters that were
followed in life-span tests reported in 1973 in our paper. at
thé Bureau of Mines Symposium on Talc.

This was the sample from which we furnished an aliguot to
Johnson & Johnson and on which they carried out physical and
chemical characterization studies described in their report of
25 May 1972, copy of which you have.

A few months ago, I sent an aliquot of this sample to
Dr. William Campbell at Bureau of Mines. A few weeks ago, he
told me by phone that he had not yet carried out any studies of
it, but planned to do some physical and chemical characterizations.
He said he would acquaint me with results when available.

With best regards,
Sincerely,
l s

7%¢€ /
William E. Smith, M.D.
Director
Health Research Institute

WES/elc

cc: Dr. A. Harvey
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THE IMPORTANCE OF WIDTH IN
ASBESTOS FIBER CARCINOGENICITY AND
ITS IMPLICATIONS FOR PuBLic PoLicy

A. G. Wylie™

K. F. Bailey®

J. W. Kelse®
R.J. Leét

“Laboratory for Mineral Deposits Research, Department of Geclogy,
University of Maryland, College Park. MD 20742 "Vulcan Materials
Company, Birmingham, AL 35209; ‘R.T. Vanderbilt Company, Inc.,
Norwalk. CT 06855; 9RJ Lee Group. inc.. Monroeville. PA 15146,

L . . _________________________________]

Evidence from human epidemiology. experimental animal
implantation and inoculation studies, and lung burden stud-
ies shows that fibers with widtlis greater than | wm are not
implicated in the occurrence of lung cancer or mesothe-
lioma. Furthermore, it is generally believed thar certain
Jibers thinner than a few tenths of a micrometer must be
abundant in a fiber population in order for them to be a
- causative agent for mesothelioma. These conclusions are
fully consistent with the mineralogical characteristics of as-
bestos fibers, which. as fibrils, have widths of less than [ pm
and, as bundles, edsilv. dissagregate into fibrils. Further-
more, the biological behavior of various habits of tremolite
shows a clear dose-response relationship and provides evi-
dence for a threshold between fiber width and tumor experi-
ence in animals. Public policy in regulating mineral fibers
should incorporate this knowledge by altering the existing
Sfederal asbestos fiber definitions to reflect it.

| meters in determining the carcinogenic potential of
asbestos and other specific fibrous materials. Most
investigators who have examined this subject agree - that
there exists a minimum length and maximum width below
which and above which fibers are not related to tumor induc-
tion, Although fiber dimension is linked to the pathogenic
effects of asbestos and certain other fibrous materials, it is
also recognized that fiber characteristics other than dimen-
sion (i.e.. durability, harshness, surface chemistry, surface
area or activity, etc.) likely play an important role in the
pathogenetic process. Whatever fiber characteristics con-
tribute to the pathogenicity of asbestos; however, it is impor-
tant to ensure that size parameters used for regulatory
purposes reflect those most closely associated with asbestos
and known carcinogenic effects.

W idth and length of fibers are both important para-

*Author to whem correspondence should be addressed

Although it is common to see the dimensions of asbestos
fibers discussed in terms of a ratio of length to width, or as-
pect ratio, the use of such a dimensionless parameter results
in the loss of information about the size of fibers and, there-
fore, is of little use in the discussion of fiber carcinogenicity
or exposure. While asbestos fiber length is recognized in
federal regulatory policy, width is ignored entirely: It is the
purpose of this paper to examine the relationship between
asbestos fiber width and fiber carcinogenicity, to suggest
how this parameter might be used to identify other potential-
ly harmful mineral fibers and to enhance the specificity of
existing asbestos regulations.

The National Institute for QOccupational Safety and
Health (NIOSH) has established the definitions and ana[yu-
cal methods for asbestos used to one degree or another by all
asbestos regulatory bodies in the United States. Under the
NIOSH scheme, asbestos is simply defined as any fiber of
chrysotile, crocidolite, amosite, anthophyllite, tremolite, or
actinolite. A “fiber” is defined as a particle with a length to
width ratio (aspect ratio) of at least 3:1 and a length of 5 um
or more as determined by the phase-contrast optical micro-
scope (PCM) at a magnification of 450X-500X.""? In this
paper a “NIOSH fiber” refers to any particle with these di-
mensional parameters as determined by any accepted analyt-
ical technique.

PREVIOUS WORK
Mesothelioma and Fiber Width

Several investigators have examined the question of
what particle sizes are most likely associated with the induc-
tion of mesothelioma. Merle Stanton first proposed that a
distinct relationship exists between the shape or dimensions
of durable fibers and mesothelial tumors in rats."" Stanton
and co-workers concluded from these experiments that pop-
ulations with aburidant fibers longer than 8 um-and narrower

Copyright 1993, American Industrial Hygiene Association
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TABLE |..Bulk and Alrborne Particies—Cleavage Fragments

to 0.5 um.!'* The high inci-

dence of mesothelioma in
Turkey has been attributed to
fibers of asbestiform (wooly)

Percent less than

erionite that are on the order of
0.1 gwm in width."">'* In con-
trast, no evidence of mesothe-
lioma has been found in mining
environments where NIOSH
fibers produced by cleavage of
massive amphiboles are abun-
dant.""**" In these mining en-
vironments 78% or more of the
5 um long particles have
widths greater than 1.0 um
while 93% or more have
widths greater than 0.5 um.
Few, if any, show widths below
0.25 pem (Table I).

Some have suggested that
the carcinogenic potential of
mineral fibers extends to those
with widths as large as 2 pm,
and there is some evidence
from animal experimentation
to support this position. For ex-
ample, Pott et al. have induced
tumors in Wistar rats by in-
traperitoneal injection with
basalt and ceramic fibers with
median diameters close to orin
a few cases greater than |
um. %' Hesterberg et al. re-
port tumors in Syrian hamsters
after inhalation of refractory

Mineral Length stated widths or
and Reference Instrumentation Restriction mean width (um)
Wollastonite '

a. Bulk Samples

7St New York TEM None 90%<2.3; 50%<1.1

10%<0.62

Tremolite

a. Bulk Samples

% New York SEM >5um 9%<1.0; 0%<0.5

b. Airborne

8% New York SEM >5pum 0%<0.25
Cummingtonite

a. Airborne .

€ 5. Dakota SEM >5um 22%<1.0; 7%<0.5; 0%<0.25

79 g, Dakota SEM >5um 11%<1.0; 2%<0.5
Actinolite

a. Airborne

5 Virginia SEM >5um 15%<1.0; 0.5%<0.5

0%<0.25

Grunetite and Actinolite

a. Airborne

1 Minnesota SEM >5um 1% <1; 0%<0.25
Antigorite '

a. Airborne _ 7

T vermont TEM 400X >5um 22%<1.0; 2%<0.5

(T4) Vermont TEM 20KX >6um 37%<1.0; 10%<0.5
Riebeckite

a. Bulk Samples . » . 7

{731 *- Galifornia - SEM < > 5um 27%<1.0; 5%<0.5

than 9.25 um were most closely. linked:to pléural tumor re-
sponse irrespective of fiber type.) Most other researchers
who use the animal model support.the position that only nar-
row fibers are capable of inducing tumors.*"

"Evidence for the importance of narrow fibers in regard to
mesothélioma also comes from human experience. Timbrell
and co-workers observed that the differences in the inci-
dence of mesothelioma among two groups of asbestos min-
ers in South Africa noted by Harington is most likely related
to width.®” In the northwestern Cape, where miners experi-
enced elevated mesothelioma, the mean fiber diameter for
crocidolite is 0.073 um. In the Transvaal .crgcidolite and
Transvaal amosite regions, mean diameters of 0.212 m and
0.243 um, respectively, were noted and mesothchomas are
rare. Among vermiculite miners and millers in Libby, Mon-
tana who were exposed to tremolite-asbestos; mesothelioma
was clevated."™'" Studies by Atkinson and.¢o-workers on
bulk samples from the .Libby vermiculité-mine show that
87% of tremolite fibers longer'than 5 im have widths equal
to or less than 1 pm and:54% have widths less-than or.equal

ceramic fibers with an average

diameter of 0.95 um."*® How-

ever, the effect of the wide
fibers in these studies is most evident when the fibers are
very long (up to 50 sm) or when a significant rnumber of nar-
row fibers are part of the population, a fact that may not be
evident from reporting mean or median widths of the popula-
tion. Many populations of shorter fibers (still longer than 5
pm) with widths predominantly greaterthan0.5 gm, such as
wollastonite, gypsum, and certain fibrous glasses, have been
shown to produce no significant tumor responses after instil-
lation in animals.******"! Furthermore, the tumor potential of
wide fibers has not been demonstrated by inhalation experi-
ments, in: part,-at least, because such fibers deposit in the

. conductive airways in the head and lung and do not reach the
lung alveoli.®® .

An ‘opportunity to examine in humans the carcinogenic
potential .of a naturally occurring population of relatively
wide mineral fiber is:provided.by the experience of aptho-

* phyllite-asbestos miners and millers in Paakkila, Finland.
Anthophyllite-asbestos from this locality has a mean width
of approximately 0.6 zm, and in the fiber population, widths
less than 0.1 zim-are quite rare.” In his study of lung tissue
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" “from four individuals expased to Paakkila anthophyllite-as-

bestos. Timbrell reports one fiber of 4 um in width. some
fibers between 2 and 4 pwm and more than 50% of the fibers
with widths less thaa 0.7 pm. In fact, Timbrell has shown
that the distribution of amphibole fiber widths in lung tissue
closely resembles the distribution of fiber widths in air."**!
Among the occupational cohort of miners and millers ex-
posed to Paakkila anthophyllite-asbestos. asbestosts is com-
mon and the incidence of lung cancer is elevated, primarily
in smokers."*”" However, the incidence of mesothelioma is
not elevated.””" The fact that Paakkila anthophyllite-as-
bestos will induce malignant tumors in animals after in-
traperitoneal inoculation**® and inhalation’” demonstrates
that it has a detectable carcinogenic potential in animals
under certain experimentai conditions. However, the human
experience tells us that either because of aerodynamic char-
acteristics and/or the body’s defenses, a population of
-durable fibers with the dimensions of Paakkila anthophyl-
lite-asbestos does not represent the same occupational or en-
vironmental ‘mesothelioma risk as other types of asbestos.
The best explanation for these observations, in conformity
with the Stanton hypothesis, is that the most abundant fibers
of Paakkila anthophyllite-asbestos are by and large too wide
and the thin fibers are too scarce for the population to induce
mesothelioma even with the high exposures associated with
this occupational setting.

Lung Cancer and Fiber Width

There are fewer data on the relationship between fiber
width and lung cancer than there are for fiber width and
mesothelioma. However, studies of human populations ex-
posed to asbestos and animal inhalation studies involving as-
bestos consistently show an association between asbestos
exposure and lung cancer as well as between mesothelioma
and asbestos exposure.®""* In contrast, exposures to the
nonasbestiform analogs of asbestos minerals (cleavage frag-
ments) have not shown an elevated lung cancer- risk in
man.!'®'"¥2% Lippmann has reviewed the literature in this
area and concludes that lung cancer is associated with fibers
with widths between 0.3 and 0.8 um (and length > 10
pm).*" His conclusions rest in part on the work of Timbrell
who has shown that lung retention is greatest for fibers with
these widths and lengths.®? Such dimensions are consistent
with those commonly associated with asbestos fibers but not
for common cleavage fragments (see Tubles [ and III). Thin-
ner fibers migrate to the pleura and peritoneum. Thicker
fibers are usually rare in an airborne population of asbestos,
and when present, disaggregate into thinner fibrils.

Lung Burden Studies in Asbestos-Related Diseases
and Fiber Width

During the past |5 years, there have been a significant
number of lung burden studies of persons occupationally ex-
posed to asbestos who have developed asbestos-related dis-
eases. Numerous investigators have pubtished information
on the sizes of asbestos fibers found in these persons and

only rarely are fibers with widths greater than 1.0} um detect-
ed (See Table ID). In fact. most asbestos fibers found in lung
tissue have widths less than a few tenths of a micrometer.
The data are summarized in Table [1. While there may be a
gradual transition in the carcinogenic potential of fibers
from greater to lesser as fiber width increases. as suggested
by Pott, wide fibers are not implicated in mesothelioma in
humans because they appear to be incapable of translocating
to pleural regions. and they are not found in the tungs of peo-
ple who have developed this disease.™"

Fibers longer than 5 um with widths greater than | um
are not often found in lung tissue of asbestos miners. millers,
and fabricators for several reasons. First, wider fibers con-
tain more mass than narrow fibers of the same length and are
thus less likely to become airborne. Wider fibers are also
likely to be intercepted in the upper respiratory tract before
they reach the lung. Work by numerous investigators has
shown that the penetrability of airborne fibers into the pe-
ripheral rat lung drops sharply with an aerodynamic diame-
ter above two. which corresponds to a diameter of
approximately 0.67 um." Pott and co-workers assert that
fibers with a diameter range of 1-5 xm cannot be tested for
carcinogenicity by inhalation because they deposit in the
upper respiratory tract and do not reach the lung.*"

There are also two very important mineralogical reasons
why wide fibers of asbestos are rare in lung tissue. First,
populations of asbestos fibers of all types are composed of
fibers that are less than | um in width, and, therefore, wide
fibers are simply not readily available for inhalation (Table
[1I). Second. asbestos fibers wider than | xm are composed
of bundles of fibrils that readily split longitudinally into in-
dividual fibers of much smaller width. Even if wider fibers
were inhaled. because of the fibrillar structure of asbestos,
the fibers disaggregate. Cook and co-workers demonstrated
the effectiveness of this process in their animal intratracheal
instillation experiments with ferroactinolite-asbestos.*" In
these experiments they showed that the number of fibers
found in lung tissue increased following cessation of expo-
sure and that the increase was due to longitudinal splitting of
fiber bundles. Other natural fibers that have been shown to
exhibit a significant carcinogenic potency such as asbesti-
form (wooly) erionite are also characterized by very narrow
widths and the ability to split longitudinally. The fibrillar
structure is the hallmark of asbestiform fibers."® All as-
bestos minerals that have been implicated as carcinogens in
humans exhibit this unique habit of crystal growth structure.

In summary, human epidemiology, experimental animal
studies, and the information on size distributions of fibers
found in human lung tissue strongly suggest that fibers wider
than 1 gm are not likely to be a significant factor in the pro-
duction of mesothelioma or lung cancer in man, To test the
hypothesis that | xm is a reasonable upper limit for critical
width, we have examined data from tremolite-asbestos and
nonasbestiform tremolite. This analysis will show that a
clear dose-response relationship and evidence for a thresh-
old exist between the abundance of fibers less than | xm in
width and carcinogenic response. While fibers wider than |
pm that are actually fiber bundles might also be important in
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producing a carcinogenic re-

TABLE Il. Fibers in Lung Tissue of Humans Exposed to Ashestos

sponse they are usually uncom- Percent less than
mon in terms of fiber number  pgineraf Length stated widths or
in an airborne asbestos popula-  and Reference Instrumentation Restriction meart width (um)
ion. W fore ne- '
tion e have therefor _ Amphibole and
glected these bundles in )
analyzing fiber abundance data Chrysotile
thou hg‘t mav be inappropri 8 lung TEM None mean = 0.13;
:‘lt ¢ Eh 1 thy f:n ppul:to parenchyma range: 0.05-0.32
ate to ignore them for reg % parietal TEM None mean = 0.06;
ry purposes. pleura range: 0.03-0.09
Amphibote
MATERIALS AND 76 TEM >4 pum 100%<1.0; 63%<0.25
METHODS % pleura TEM None mean width =0.15+0.07
73 parenchyma TEM None mean width = 0.19 £ 0.21
Tremolite occurs naturally as a ™ node TEM None mean width=0.21£0.12
d as a component of
5:: 83‘:‘; a:ur:l:cr ‘(;f [:ﬁnes : ro- Crocidolite
ducine industrial talc. i pro 2% mining TEM None 100%<1.0
UeIng (neusiiia) 1. VeI e TEM None mean widths = 0.13, 0.09,
culite, play sand, marble,
. 0.14,0.15
crushed stone, and chrysotile- ®  lung
asbe§tos. Healfh risks associat- parenchyma TEM >4 pm 96%<0.375
ed with tremolite have been the (55) .
source of considerable debate shipyard and
.in both the scientific communi- construction TEM >1um 25%<0.07; 75%<0.16
“n TEM None 100%<0.12+0.10
ty and regulatory arena for
many years.”*”" Tremolite, in  Amosite
its massive and most common - ®® mining TEM None >95%< 1
habit, when crushed, forms (©8) TEM None mean widths = 0.27, 0.24,
elongated cleavage fragments 0.35, 0.20
that are similar in size and 52 lung
shape to cleavage fragments of parenchyma TEM >4 pum 66%<0.375
other common amphiboles. In 3 ghipyard and
this form, there are no epidemi- construction TEM >1pm 25%<0.09; 75%<0.29
ologica! studies that clearly #9  ghipyard and
implicate tremolite as the construction TEM >4 um 74%<0.31
cause of mesothelioma or lung “n  ghipyard and '
cancer in man despite its construction TEM None 100%<0.43+£0.29

prevalence in some mining en-
vironments.®® In its rare as-
bestiform habit, on the other hand, it appears to be the cause
of both mesothelioma and lung cancer in man."'"*"'? In ani-
mals, mesothelioma has been observed after exposure to
tremotite asbestos.****!" One animal inhalation study in-
volving tremolite asbestos showed elevated lung tumors as
well as mesothelioma.*?' There is a modern source of com-
mercial tremolite-asbestos in Korea, and in the past tremo-
lite-asbestos has been mined locally in Europe, Asia, and
North America. Tremolite-asbestos possesses the character-
istics that distinguish the more commercially important
amphibole-asbestos types (crocidolite, amosite, anthophyl-
lite-asbestos) including flexibility, thin fibrils, and a fibrillar
structure.”> Therefore, tremolite is an ideal mineral to study
because it occurs naturally in the full range of amphibole
habits, its asbestiform variety is known to cause mesothe-
lioma and fung cancer in both man and animals, it is widely
distributed. and it is known to accur in a number of important
~industrial mineral products.

A number of well-characterized samples of nonasbesti-
form tremolite and tremolite-asbestos have been used in ani-
mal experimentation and made available to us for study. The
importance of these samples is that they represent a range in
naturally occurring mineral habit that has not been evaluated
for any other mineral. The tremolites include samples with
numerous fibers of a fibrillar or asbestiform habit, samples
in which only part of the tremolite is fibrillar, and samples
lacking tremolite particles of a fibrillar habit altogether
(nonasbestiform). We have examined the tumor response of
these samples (established through arimal experimentation
by independent researchers) as a function of the dose of
fibers longer than 5 pum with widths less than and greater
than | g#m. Only tremolite particles with a length to width
ratio of 3:1 or greater (NIOSH fibers) were included.

Davis and co-workers have recently réleased the results
of injection experifments that used six samples of tremolite:

“California tremolite-asbestos from Jamestown: Korean
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TABLE Il. Continued

the respirable fraction of these

dusts and administered it to
. rats by using the intraperi-

Percent lass than

Mineral Length stated widths or
and Reference Instrumentation Restriction mean width (um) toneal injection  technique.
Chrysotile Measurements of width and
50 ) length for the fibers in the pop-
referent TEM >5pum mean width =0.15+0.18 ulations were collected b
54 environmental TEM >5um meanwidth=0.13£0.25 . & electron’ MICrosco y
69 occupational TEM >5um meanwidth=0.13+0.16 o 1 0E © o e Py
3 textile plant TEM >5 pm mean width=0.10+0.02 5 CePONIOR O LS A
) mine TEM >5um mean width = 0.07 £ 0.01 f";e'sgzv.fo ycdar e kers
) TEM None mean widths = 0.07, 0.07, perro(:i de dil;nme::ion:;) Py ';; °
. TEM >4um 103021(?;57 0.04.0.11 approximately 450 partich;:s
69 shipyard and from each sample. The dose in
) . terms of number of particles
“n construction TEM >1um 25%;<0'03' 76%<0.06 per milligram of dust was ob-
P ?éx :one 100 A’<9'O7 £0.02 tained directly from the data of
one mean width 0.09+0.15 Davis and co-workers.“?
mean wfdm 0.07+0.06 In earlier work Stanton re-
mean width 0.08 +0.06 ported the results of 72 rat
Anthophyliite pleural implantation = experi-
@8 TEM None 80%<1 ments involving approximate-
8} TEM >1pum 25%<0.17;75%<0.44 ly 30 different inorganic
(&) TEM None 50%<0.67 materials,'”’ Among these ma-
Tremolite terials. one t’remolite-asbestos
7 TEM None 100%<1.0; 80%<0.5 Z?;? :r fn:viic';'f:,l::m-?hins?:ﬁ
9 referent TEM >6 pm meanwidth=0.66£0.48 . e om California. but
4 anvironmental TEM >5um mean width = 0.6240.74 ?ts exact origin is unknc;wn
o, Ooccupational TEM >5um meanwicth=030£025 [ S (ke B e e
53 extile plant TEM >§pm mean width = 0,35 £ 0.04 . o
o s tremolite possesses all- the
mine TEM >5um mean width = 0.32 £ 0.02 characteristics of commercial
(©e) TEM None mean widths = 0.24, 0.31 asbestos. [n this paper it is re-
&% shipyard ?nd ferred to as tremolite D. Anoth-
construction TEM >1um 25%<0,23; 75%<0.57 er Stanton sample identified as
Actinolite Tale 6 is a commercial
=) TEM 25%<0.15; 75%<0.37 tremolitic talc from the state of

>1pum

tremolite-asbestos; tremolite-asbestos from a laboratory in
Swansea; fibrous Italian tremolite (Ala de Stura); tremolite
from Carr Brae, Dornie, Scotland; and tremolite from Shin-
ness. Scotland.“*® In this paper, these samples are identified
as tremolite A, B, C, E, F, and G, respectively, Tremolite A,
B, and C are composed primarily of tremolite-asbestos.
Fiber bundles, curved flexible fibers, and small fibril widths
are evident from optical microscopic examination of the
samples. Tremolite E (Italian) consists of very long, highly
urusual, single, needle-like crystals, with limited flexibility.
Many of these fibers are twinned and in subsequent analysis,
an asbestos subpopuilation was reported.""” Sample F
(Dornie) is composed primarily of tremolite cleavage frag-
ments. However, a small portion of the sample contains fiber
bundles of tremolite-asbestos. Tremolite G (Shinness)
was obtained by crushing large prismatic crystals, and it is
composed entirely of cleavage fragments. Davis and co-
workers packed the samples into cylinders of Timbrell dust
dispensers and airborne dusts were generated. They coilected

New York identified from
Stanton’s laboratory notes as
Nytal 300. This sample contains 40-50% tremolite cieavage
fragments. It is referred to as tremolite H in this paper.

Stanton and co-workers did not provide adequate dimen-
sional data to evaluate width satisfactorily, and it was neces-
sary to re-examine both tremolite D and H. Samples of
tremolite-asbestos | and 2. (tremolite D) and of Talec 6
(tremolite H) were obtained from the National Cancer Insti-
tute and prepared for analysis by gentle sonication in dis-
tilled water and filtration on a polycarbonate filter. Portions
of the filters were mounted on a polished SEM stub and car-
bon coated. For Talc 6, the filters were scanned at 5000X and
the chemical composition of particles longer than 4 um was
established by energy dispersive spectroscapy (EDS). The
particles were identified as tremolite or “other™ from their
chemical spectra. and their dimensions were measured and
recorded. Fortremolite D, the samples were photographed at
5000X. All particies in the photograph with lengths longer
than 4 um were measured. From each population 100-150
particles were measured.
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Stanton provided estimates
of the number of particles
longer than 4 um in a micro-
gram.*” From our measure-
‘ments of tremolite-asbestos D,
we determined that 74% of the
particles longer than 4 um met
the definition of a NIOSH
fiber. We also determined that
99% of the NIOSH fibers of
tremolite had widths less than
or equal to 1.5 xm, 88% had
widths less than or equal to 1.0
pm, and 52% had widths less
than or equal to 0.5. gm. From
these data we calculated the
number of NIOSH fibers per
total dose and the number of
fibers within each of the width
categories. ,

From Talc 6 (tremolite H},
we used the nuzmber of particles
per microgram longer than 4
pm provided by Stanton. From
our analysis. we determined
that 30% of those particles
longer than 4 um were NIOSH
fibers of tremolite. Of these,
9% had widths less than or
equal to 1.5 um, 9% had widths
less than orequal to 1.0 um and
0% had widths less than or
equal to 0.5 pm. As was the

case for tremolite D, we calcu- .

lated the number of tremolite
NIOSH fibers per total dose
and the number within each of
the width categories.

Smith and co-workers: re-
ported the results of intrapleur-
al injection of four tremolite
samples into Syrian ham-
sters."* Only limited informa-
tion on the size distributions of
these samples was published,
but one sample, FD-14, was
available for additional analy-
sis. Sample FD-14 was an off-
the-shelf sample of tremolitic
talc from the state of New York
that contained approximately

TABLE lll. Bulk and Airborne Particles—Asbestos and Other Fibers‘ ‘

Percent less than

Mineral Length stated widths or
and Reference Instrumentation Restriction mean width (um)
Crocidolite
Cape Province
a. - Bulk Samples
o) SEM >5um 98%<1.0; 85%<0.5
=8 YICCe TEM None >99%< 1.0} >90%<0.5
U UlTele TEM None mean width = 0.23 £0.06
(64} TEM >2um 99%<1.0; 99%<0.5
@ Jicc TEM None median width = 0.20
(6a) SEM None mean width = 0.35
(28.D.=0.78-0.186)
1s0) TEM None mean width =0.12
(28.D. = 0.31 - 0.05)
b. Atrborne
(©8 TEM None 98%<0.4
(69} TEM >5um 90%<0.3
(52) TEM >4 pm 88%<0.375
sy TEM >5um 98%<1.0; 82%<0.5
“9  yIce TEM >0.25 um 99%<1.0; 88%<0.5
b . TEM None 99%<0.5
Crocidolite
Transvaal
a. Bulk Samples
4 TEM >2pum 89%<1.0; 65%<0.5
Crocidolite
Australia
a. Bulk Samples
Aa TEM >2 um 100%<1.0; 99%<0.5
Crocidolite
Bolivia
a. Bulk Samples
4 TEM >2 um 85%<1.0; 60%<0.5
Amosite
Transvaal
a. Bulk Samples
50) SEM >5um 91%<1.0; 50%<0.5
& uiIcc TEM None 98%<1.0; 80%<0.5
7 yice >5 um 92%<1.0; 72%<0.5
®) uiIcc TEM None mean width =0.47 £0.17
o) SEM None mean width = 0.55
(25.0.=1.29-0.23)
ee) TEM None mean width = 0.35

(25.0.=1.22-0.10)

50% nonasbestiform tremolite. The samples were examined
by SEM at 2000X and the particles were identified as tremo-
lite based on their chemical composition. Five hundred
tremolite particles were measured of which 64 met the defin-
ition of a NIOSH fiber. Data regarding the number of tremo-
lite NIOSH fibers in a microgram were not available for this
sample. Interestingly, very long fibers of the mineral talc

that have narrow widths and a fibrillar structure occur in this
sample. This sample is referred to as tremolite 1 in this paper.

RESULTS

There are several ways to examine the width data. First, the
correlation between tumor incidence and the dose of NIOSH
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TABLE IIl. Continued

Percent less than

Mineral Length stated widths or
and Reference Instrumentation Restriction mean width (em}
b. Airborne
G TEM None 96%<0.4
&9 TEM >5um 45%<0.3
52 TEM >4 pm 66%<0.375
(&) PCM >5um 99.4%<1; 94.2%<0.5
61 SEM None 95%<1.0; 80%<0.5
% (inc. croc.) TEM None 95%<1.0; 70%<0.5
Chrysotile
Quebec
a. Bulk Samples
{50) SEM >5um 99%<1.0; 94%<0.5
®) yice TEM None mean width =0.17 £0.03
@ yice TEM None median width = 0.15
&7 PCM 82% >5um 81%<1.0
b. Aiborne
(65) TEM None 98%<0.4
169) TEM >5um 61%<0.3
‘Chrysotile
‘California
.&. Bulk Samples
=0 SEM >5pm 99%<1.0; 94%<0.5
(50 TEM >5pum 100%<1.0; 98%<0.5
Chrysotile
Rhodesia
a. Bulk Samples
® yice TEM None mean width =0.16 £ 0.04
Chrysotile
Vermont
‘b.  Airborne
kel TEM 400X >5um 63%<1.0
4 TEM 20KX >5pum 90%<1.0; 71%<0.5
Anthophyllite
Finland
a. Bulk Samples
.58 yIcC TEM None 90%<1.0; 60%<0.5
22 yicc TEM None median width = 0.61
b. Airhborne

(51} TEM None

fibers wider than | um is illustrated in Figure 1. It is clear
that the dose of wide fibers (> 1 pm) shows no relationship
to'the likelihood of producing tumors. It is important to note
that the number of wide (> pm) NIOSH fibers in the dose
of tremolite in the cleavage fragment samples (G, F, and H)
is comparable to that in the tremolite asbestos samples.
Thus, the argument that more tumors might havé been ob-
served if there had béen more wide NIOSH fibers in these
samples is not supported. In- contrast, the correlation

70%<1.0, 40%<0.5

ey

between-wmor incidence and
the number of NIOSH fibers
per total dose administered
with widths less than or equal
to | wm is shown in Figure 2.
This figure shows a dose-re-
sponse relationship in the form
of an s-shaped curve suggest-
ing a threshold and a rapid in-
crease in tumor incidence as
the number of these thin (<I
pum) fibers increases. The
curve in Figure 2 is derived
from a least-squares linear re-
gression of the form:

logit =
m(log of total dose =1 pum)+b
where
. % tumor
logit = In| ——
| — % tumor

The equation for the curve in
Figure 2 is shown below and-is
highly significant (R* = 0.84,
p<<0.005): :

logit = 3.04(log total dose

A straight linear regression
of the form below is also high-
ly significant (R? = 0.90,
p<0.005). In the data in Figure
2, this equationiis:

% Tumor = 49.3(log total dose
={pum)-54.6

Another way to illustrate
the importance of width rela-
tive to tumor response is-to
characterize the samples in
terms of the percentage of
NIOSH fibers that have widths
of less-than I pm. It has been
shown in most cases that upto
30% of ordinary cleavage frag-

ments of amphibole longer than 5 pm have widths less than {
pm, and more than 90% of asbestos fibers have widths less
than 1 um (all asbestos fibrils will be less than 1 pm). (See
Tables I and IIL.) Therefore, the proportion of a fiber popula-
tion with small widths is a measure of the asbestos-like na-
ture of the population or of the abundance of the asbestiform
components in a sample. Figure'3 shows the correlation be-
tween tumor incidence and the percentage of the tremolite
NIOSH fiber population that has widths less than 1.0 um. By
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TABLE lll. Continued

Percent less than

A straight linear regression of
the data using the equation
below is also highly significant

Mineral Length stated widths or %
and Reference Instrumentation Restriction mean width (um) (R*=0.93. p <0.005):
et
' 1.2(% fibers = | um) - 14 4
G4 Minnesota TEM None mean width = 0,41 (% fibers =1 pm)
50%<0.24
78} South Africa SEM >5um 96%<1.0; 70%<0.5 DISCUSSION
{49) ) . ©,
. TEM None 90%<0.33; 50%<0.06 Figures | and 2 contrast the
s SEM >5um 98%<1.0; 90%<0.5 .
22 o pleural and peritoneal tumor re-
2 Fed. Rep. Ger. TEM None median width = 0.17 .
sponse (mesothelioma) pro-
Tremolite-asbestos duced by wide and thin
a. Bulk Samples tremolite NIOSH fibers. For
12 Montana TEM >5um 87%<1.0; 54%<0.5 wide NIOSH fibers alone, there
71 Montana TEM None B81%<0.6; 67%<0.4 is no regular dose-response re-
N Metsovo TEM None 96%<0.6; 85%<0.4; lationship, whereas for thin
64%<0.2 fibers, the s-shaped curve indi-
b, Airb cates a strong relationship
. iroorne between dose and carcino-
8 Korea TEM >0.4 um 99%<1.0; 90%<0.5 . .
" e _ genicity. Furthermore, as illus-
! Montana TEM >5pm forw >0.45: 98%<1.24, .
93%<0.86: 68%<0.62 trated by Figure 3, as the
: o35, 684 <L. proportion of tremolite NIOSH
Tremolite-asbestas fibers with widths greater than
. and tremolite 1 pm increases, the tumor inci-
a. BulkSamples dence produced by the sample
2 g Carolina TEM >5pm 81%<1.0; 48%<0.5 decreases. Complicating this
7S India SEM >5pum 61%<1.0; 34%<0.5 somewhat simple picture is the
Asbest - HD fact that as the width of fibers
§ tes os..;mzera increases, the number of fibers
'.": sD:?:;gme per microgram must decrease.
- Hence, the number of wide
9] o .
TEM None 80%<0.43 fibers will always be less than
Wooly Erionite the number of narrow fibers in
a. Bulk Samples samples of equal weight
22 Turkey TEM None median width = 0.38 Notwithstanding this reality,
2 Oregon TEM None median width = 0.21 however, is the observation that
™ - Oregon TEM None width range = 0.01-0.13  without thin fibers, tremolite
mean width = 0.03 NIOSH fiber populations are
. not associated with the induc-
Nemalite . .
' tion of pleural or peritoneal tu-
-a  BulkSamples mors in animals. It is also made
@ TEM None mean width = 0.06 )

clear in these figures that char-

this measure an increase in tumor incidence is again ob-
served as the proportion of tremolite fibers <1.0 um in
width increases in the population. The curve in Figure 3 is
derived from a least-squares linear regression of the form:

logit = m(% fibers =1 um)+b

The equation for the curve in Figure 3 is shown below and is
highly significant (R* = 0.85, p <0.005):

logit = 0.008(% fibers = | um)—-4.6

acterization of populations of

nonasbestiform tremolite by
the NIOSH aspect ratio criterion for fibers produces an index
that shows no relationship to mesothelioma risk.

The tremolite samples can be divided into three groups
based on their carcinogenic potential: those without signifi-
cant response, those with intermediate responses, and those
that produce tumors in almost all the experimental animals.
Criteria for a “significant” response varies according to the
experimental animal, the level of total dose, the method and
location of sample introduction of the fibers, latency, and
experience of controls. Davis and co-workers indicate that
by intraperitoneal injection, tumor responses in less than
10% of the animals are insignificant. For Stanton and
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A: Addison—Dovis California Tremolite Asbestos

B: Addison—-Davis Korean Tremolite Asbestos

C: Addison—Davis Swansea Tremolite Asbestos
D1: Stanton Tremolite Asbestos 1

D2: Stonton Tremolite Asbestos 2

F: Addison—Davis Dornie Tremolite Cleavage Fragments/

Asbestos

G: Addison—Davis Shinness Tremolite Cleavoge Fragments
H: Stonton Tale 6 Tremolite {Non—asbestiform)

E: Addison—Davis ltalion Tremolite Asbestos/Cieavage

Fragments

Figure 1. Percentage of tumors observed in experimental animals after exposure to tremolite as a function of the total dose of
tremolite (number of fibers) equal to or longer than 5 pm, wider than 1 um, and with an aspect ratio equal to or greater than 3

co-workers, 30% tumors were necessary for a significant re-
sponse by pleurai implantation.

Samples G, H, and I fall into the first category. Two of
these samples are tremolitic talc from the state of New York
(H and I). The high proportion of wide tremolite fibers in
these samples is a clear indicator that the tremolite is
nonasbestiform.

Samples E and F produced intermediate tumor responses
in the animals. However, while sample E produced a high
proportion of tumors, the mean survival time of the animals
was almost twice that of the animals injected with tremolite
A, B, and C, leading Davis and co-workers to conclude that
tremolite E represented one-fortieth the hazard of tremolite
C, a relationship not evident from the total tumor response.
The intermediate responses might be expected from these
" two samples based on their mineralogical characteristics.
Sample E contains a large proportion of highly unusual
mineral fibers that lack a recognizable fibrillar structure.
Other researchers, employing higher resolution electron mij-
croscopic techniques. report an asbestos subpopulation in

this sample.“” The long latency observed in the animals in-
jected with this material might reflect a slow disaggregation
of twinned or possibly asbestiform fibers. This hypothesis is
further supported by the fact that the number of fibers per
microgram, whether defined as total NIOSH fibers or as
NIOSH fibers with widths less than 1 um, in sample E is less
than in sample F. The inverse correlation between dose and
response could be explained by sample alteration in vivo as
well as by several other mechanisms resulting from differ-
ences in surface properties. A comparison between the width
distribution of the sample and the width distribution of the
fibers found in the lung is necessary to evaluate the hypothe-
sis that disaggregation occurs in vivo. ‘
Sample F contains a small proportion of asbestiform
fibers. The limited response of the animals to this material is
most likely due to a low dose of dsbestos. Davis and co-
workers characterize this sample as unlikely to be carcino-
genic to man given the marginal biological response
observed in what is generally regarded as the most sensi-
tive animal tumor induction technique (intraperitoneal
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Figure 2. Percentage of tumors observed in experimental animals after exposure to tremolite as a function of the total dose of
tremolite (number of fibers) equal to or longer than 5 um, less than or equal to | um wide, and with an aspect ratio equal to or

greater than 3

injection)."? Tumors have been induced with this test
through the introduction of substances as benign as saline
solution,*”

Tremolite-asbestos samples A, B, and C produced pleur-
al tumor incidences in excess of 95% with very short latency
periods. While tremolite-asbestos samples D1 and D2
produced 75%-and 79% tumor incidences, respectively,
Stanton considered this response equivalent to a 100% tumor
probability.

Because the tremolite studies did not involve inhalation
exposures in either man or animals, they do not directly test
carcinogenic potential relative to lung cancer. However,
human epidemiology, lung burden data, and animal experi-
mentation previously discussed support the hypothesis that
as the number of asbestos and certain other fibers with
widths below | m (and 5 p2m or longer) increases, the risk of
both lung cancer and mesothelioma increases as well. There-
fore, to the extent mesothelioma tumor experience
observed in these tremolite animal studies is consistent with
both fiber-size observations and biological response reported

eisewhere, reasonable assumptions about lung cancer can be
made with respect to the tremolite samples discussed here. It
has already been established that excess lung cancer and
mesothelioma are not evident in human populations exposed
only to amphibole cleavage fragments but they are evident
for human populations exposed to tremolite asbestos.

CONCLUSIONS

Combining tremolite samples that have been administered in
different ways and to different animal groups such as we
have done may appear to overlook important distinctions
among these approaches. Despite this simplification, the
data show a systematic relationship between dose based on
width and mesothelioma tumor response in animals. It
should also be noted that by using only the Addison and
Davis data, the relationship of tumor response to fiber width
remains strong. Furthermore, the fact that asbestos, with its
unique dimensions, is known to cause lung cancer and pneu-
moconiosis suggests that width is related to respiratory
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Figure 3. Percentage of tumors observed in experimental animals after exposure to tremolite as a function of the percentage of
tremolite equal or longer than 5 yum with an aspect ratio equal to or greater than 3 that have widths less than or equal to [ pm.

diseases other than mesothelioma. It seems clear that width
is an extremely important variable that to date has been over-
looked in regulatory policy. While fibers from a tenth to 200
£m long have been found in human lung tissue, it is the nar-
row width of these fibers that has given them access. A fiber
15 um long and 5 um wide meets the NIOSH criteria for a
fiber, but such a particle is highly unlikely to cause disease
in humans because it carnot gain access to a human lung.
Not only is width a useful indicator of mesothelioma tumor
induction, but a dose-response with a threshold is indicated
as well.

We propose that NIOSH fiber size parameters used in the
quantification of asbestos be modified to include only parti-
cles longer than 5 yzm with widths less than 1 z«m and that the
use of the aspect ratio criterion be abandoned. Furthermore,
in monitoring airborne asbestos particles or in determining
the weight percentage of asbestos in bulk mineral samples,
all 3 pwm or longer particles that exhibit a fibrillar structure
should be included as possible asbestos regardless of width.
The potential of fiber bundles to disaggregate, in the air or in
vivo, appears to be one of the most hazardous aspects of as-
bestos. The observatior of fiber bundles should be included
 as part of the asbestos identification procedure. Electron
and/or polarized light microscopy of the bundles would be
nécessary to determine the mineral composition.

Regulatory policy should also recognize that there exists
a natural background of mineral particles that are longer than
5 pem and have widths less than 1 wm, which are not asbestos
and which, from all evidence, are not associated with any
carcinogenic risk, Nonasbestiform amphiboles, pyroxenes,
feldspar alumino-silicates, and even phyllosilicates may
form ¢longated fragments when they are crushed, and some
will be of this size. However, populations of these efongated
mineral fragments are easily distinguished from populations
of asbestiform mineral fibers and vice versa. By establishing
thresholds and meaningful definitions, asbestos regulations
will not be extended to harmless rock fragments unnecessar-
ily. While we may advocate asbestos regulation based on
specific widths, we fully recognize that the scientific basis
for regulation comes from populations of mineral fibers and
that if asbestos is present in a population of mineral parti-
cles, the full range of its dimensions will also be present. It
must be stressed that our recommendations have been de-
rived from data and literature references on minerals whose
asbestiform variety is known to be carcinogenic. Given the
broad range and complexity of physio-chemical properties
typically associated with mineral dusts, it is not reasonable
to assume similarly sized particles of different minerals will
act the same way once in the human lung. Therefore, the au-
thors do not advocate the untested application of dimensional

" AM.IND. HYG. ASSOC. J. (54} / May 1993

249




observations addressed in this paper to all elongated parti-
cles. Rather. their application should be restricted to as-
bestos until such time that their relevance to other materials
can be empirically demonstrated.

It is clear, however, that dimensional parameters can be

effectively appiied to distinguish asbestos dust populations
and other fibrous dust exposures from common cleavage
fragment dust exposures. This distinction appears to be both
dose and risk dependent as well. [t is also reasonable to con-
clude that all fiber populations of similar width. length, and
crystal morphology as asbestos should be viewed with cau-
tion and perhaps given deference with respect to biological
testing.
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November 28, 1990

Mr. John Kelse
Vanderbilt

Re: RJ Lee Group Project No.: RDHO003165

Dear Mr. Kelse:

Enclosed are the results obtained from our analysis of sample FD-14 (RJ Lee Sample No.
92399). The sample was examined by scanning ¢le¢tron microscopy and x-ray di.émcnon
in order to determine the nature of the tremolite component.

For x-ray diffraction analysis, a portion of the sample was mixed with 10% CaF, as an
internal standard. A bulk x-ray mount was prepared and examined on & Philips
Diffractometer using monochromatized copper radiation at 40kV and 35ma.

For SEM gnalysis a portion of the sample was placed in a beaker containing acetone and
agitated ultrasonically for ten minutes. The material was deposited on a 47 mm diameter
0.2um-pare size polycarbonate filter, A portion of the filter was removed and redeposited
onto another filter, This was done to achieve the proper sample loading for SEM analysis,
After deposition, each filter was examined with an optical light microscope for uniformity
of loading and proper areal concentration. One cm? portion of the filter was mounted face
up on a polished carbon planchette SEM stub. The sample stub was then ¢oated with & thin
layer of carbon by evaporative deposition under vacuum,

Automated scanning electron microscopy, referred 1o as computer controlled scanning
electron microscopy (CCSEM) provides simultancous measurement of individual particle
size, shape and elemental composition, in & very short time span. CCSEM combines three
analytical tools under computer contrdl: 1) scanning electron microscopy (SEM), 2) energy

persive spectrometry X ray analyzer (EDS), and 3) a digital scan generstor (DSG) for
image processing, ,

For this study, the backscattered electron mode, which is sensitive to differences in atomic
number, was used to determine when the beam is on a particle, As the computer moves the
electron beam across the image, the image inteasity at each tEoint is compared with a
threshold level. This comparison is to determine whether the electron beam is "on™ a
particle (above threshold) or "off” a particle (below threshold). If the signal is below the
threshold lIevel, the computer selects a coordinate and directs the beam to the new point.
The distance between these "off points” is specified so that all particles larger than a
selected size will be detected, Once a coordinate is reached where the signal is above the
threshold level, the computer switches to a subroutine that drives the beam across the
g@rﬂcle in a preset pattern to determine the dimensions and shape of the detected feature.

'or each feature, the minimum, maximum, and average diameters are stored, along with
the centroid location. The centroid of each particle is compared with those of previously
detected particles to prevent double counting.

For this study, a total of 500 particles were analyzed by CCSEM. The particle size range
ran from a minimnm length of 0.2 m to & maximum of 100 pm,
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CCSEM classifies cach particle as a particle type based on its elemental Chmgécms is
accomplished by collection of characteristic X rays which are fluoresced by the electron
beam on the particle. The X ray spectrum from each particle is processed to obtain relative
concentrations for 19 elements. Particle-by-particle X ray spectrum data was transferred to
and stored in a personal computer (PC). g the elemental composition and shape
factor, each particle is assigned a defined mineral type. The aspect ratio is calculated next,
using the stored maximpm, minimum, and average diameters. The volume of each particle,
uted from the projected area measurements, is multiplied by the particle dansity to
obtain the particle’s mass.

Manua] scanning electron microscopy (MSEM) was performed using a JEOL T-300
scanning electron microscope (SEM) equipped with a Tracor Northern energy dispersive
spectrometry X ray analyzer (EDS). During the manual SEM analysis, the semg‘l)cg were
scanned in mode at a magnification of 2000X. All EDSs were taken at 200,000X.
Federal Fibers were defined as particles that were >5um in length and having an aspect
ratio >3:1, Fiber identification was made using nn)?hology and elemental composition.
The EDS system was used to colleet charactenstic X ray spectra for cach fiber, Fiber
dimensions (length and width in micrometers) were measured from the SEM viewing
scresn, For the manual SBM analysis, a known amount of sample was deposited on a
filter, a known area of the filter was scanned and the mass of sll tremolite "federal fibers"
on the area scanned was determined. This allows the caleulation of the weight percent

tremotite fibers on the sample,

The CCSEM data indicates 36.1% wremolite of which 10.9% is greater than 3:1 (.. 3.95%
gﬁm sample consists of tremolite with an aspest ratio greater than 3:1). CCSEM also

o, %
Serpentine/Anthophyllite/Talc 5;51%
Nﬁxzadsilicates 13

Of the tremolites which the CCSEM run found that has aspect ratios greater than 3:1 and
were Jonger than 5 micron, none were greater than 10:1.

The federal fibers remolite content calculated from the MSEM run was 4.18%. This value
is in excellent agreement with the 3.95% from the CCSEM. Figure 1 shows the weight
distribution of the 64 tremolite fibers measired during the MSEM tun. six of these
trernolite fibers had widths less than one micron, This is 9% of the total Federal Fiber
tremolites (this amount to 2.8% by weight). Two of the 64 Federal Fiber tremolites had
aspect ratios greater than 10:1, This is 3.1% of the total Federal Fiber tremolites.

XRD confirms the presence of talc, anthophyllite, tremolite, serpentine, diopside and
quartz (figure 2), A mass of 12.9% serpentine ig determined from the XRD.
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‘The magnesium silicate co ent of the sample consists of serpentine, tale and
anthophyllite, A total of 7.15% of the sample was identified by CCSEM as having a
magnesium silicate composition and an aspect ratio greater than 3:1, This value probably
corresponds closely to the anthophyllite percentage in the sample. Further work is
necessary to more completely quantify this amphibole component of the sample.

These results are submitted pursuant to RJ Lee Group's current terms and conditions of
sale, including the company's standard warranty and limitation of liability provisions and
no responsibility or liability is assumed for the manner in which the results are used or
interpreted. Unless notified in writing to remurn the samples covered by this report, RJ Lee
Group will store the samples for a period of ninety (90) dggs before discarding. A
shipping and handling fee will be assessed for the return of any samples.

If you have any ducsrions please do not hesitate to call,
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Geary A? Cooke
Manager, Analytical Chemistry
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Mineralogical Features Associated with Cytotoxic and Prolifer-
ative Effects of Fibrous Talc and Asbestos on Rodent Tracheal
Epithelial and Pleural Mesothelial Cells. Wylie, A. G., Skinner,
H. C. W., Marsh, J., Snyder, H., Garzione, C., Hodkinson, D.,
Winters, R. and Mossman, B. T. (1997). Toxicol. Appi. Pharmacol.
147, 000-000.

Inhalation of asbestos fibers causes cell damage and increases in
cell proliferation in various cell types of the lung and pleura in
vivo. By using a colony-forming efficiency (CFE) assay, the cyto-
toxicity and proliferative potential of three mineral samples con-
taining various proportions of fibrous talc were compared to
NTEHS samples of crocidolite and chrysotile asbestos in cell types
giving rise to tracheobronchial carcinomas, i.e., hamster tracheal
epithelial (HTE) cells, and mesotheliomas, ie., rat pleural me-
sothelial (RPM) cells. Characterization of mineralogical composi-
tion, surface area, and size distributions as well as proportions of
fibers in all mineral samples allowed examination of data by
various dose parameters including equal weight concentrations,
numbers of fibers >5 pm in length, and equivalent surface areas.
Exposure to samples of asbestos caused increased numbers of
colonies of HTE cells, an indication of proliferative potential, but
fibrous talc did not. RPMs did not exhibit increased CFE in
response to either asbestos or tale samples. Decreased numbers of
colonies, an indication of cytotoxicity, were observed in both cell
types and were more striking at lower weight concentrations of
asbestos in comparison to talc samples. However, all samples of
fibrous minerals produced comparable dose-response effects when
dose was measured as numbers of fibers greater than 3 pm or
surface area. The unique proliferative response of HTE cells to
ashestos could not be explained by differences in fiber dimensions
or surface areas, indicating an important role of mineralogical

Luanposition rather than size of fibers.  © 1997 Academic Press

Occr.pational exposures to mineral fibers such as asbestos
are ...suciated with the development of pulmonary and pleural
disease ‘Mossman and Gee, 1989; Mossman er al, 1990;
Guthrie and Mossman, 1993). Although various types of as-
bestos are biologically active in a number of in vive and in vitro

bicassays, the properties of fibers important in reactivity with
cells and tssues are unclear (Guthrie and Mossman, 1993;
Mossman and Begin, 1989). It is generally agreed that length
and width or aspect ratio are important variables for predicting
the carcinogenicity and fibrogenicity of durable fibers (Davis et
al., 1986; Stanton er al, 1981). However, the mineralogical
composition and structural features of fibers and particles may
also play a role in pathogenicity {Oehlert, 1991; Wylie er al,,
1987, Skinner et al., 1988; Wylie et al., 1993). These proper-
ties govern surface properties as well as durability of fibers in
the lungs and pleura, factors that may be critical in the devel-
opment of lung cancer and mesothelioma. (Mossman and Gee,
1989; Mossman er al., 1990; Guthrie and Mossman, 1993;
Health Effects Institute, 1991}

Asbestos types, in contrast to a number of other fibrous and
nonfibrous nonpathogenic materials, cause both cell prolifera-
tion and cytotoxicity in a dose-related fashion in several cell
types (reviewed in Health Effects Institute, 1991). These bio-
fogical responses may reflect*the disease potential of various
fiber types, as cell injury and hyperplasia are carly events in
todent inhalation models of asbestosis and carcinogenesis
(Mossman and Gee, 1989; Mossman er al., 1990; Guthrie and
Mossman, 1993; Health Effects Institute, 1991). In this study,
we compared the cytotoxicity and proliferative potential of
three New York talc sampies to crocidolite and chrysotile
asbestos in cell types affected in asbestos-induced tumors, i.e!.
hamster tracheal epithelial (HTE) cells, which can give rise to
tracheobronchial neoplasms, and rat pleural mesothelial (RPM)
cells, cells affected in the development of mesothelioma. In
studies here, we used an established colonv-forming efficiency
(CFE) assay that documents both ircreases in cell proliferation
and cell survival, as measured by increases in numbers of
colonies, at low concentrations of -ainerals, and growth inhi-
pition, as indicated by decreases in colony formatioa or size at
high concentration of minerals, to cow1are resps n:es to well-
characterized samples of asbes < »~ Jorous talc in HTE and
RPM cells. An additional adventoge of this bwassay is that it
employs cells from the lung anc pleura and measures responses
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to minerals over a 7-day time period of exposure as opposed to
sharter time frames used (<24 hr) in most other in vitro assays
in the literature (reviewed in Health Effects Institute, 1991, In
the CFE assay, aonfibrous particles such as glass beads are
proliferative or cytotoxic to HTE cells at 2100-foid concen-
trations when compared to asbestos at equal weight concen-
trations (Mossman and Sesko, 1990; Marsh er al., 1994: Tim-
blin er al., 1995).

The three talc samples used here differ somewhat in their
mineralogy, both in the types of minerals and in their relative
abundances. However, all three ¢ontain varying proportions of
fibrous talc which is similar dimensionally and morphologi-
cally to asbestos. We thus hypothesized that factors other than
length and width of fibers would govemn the reactivity of
minerals in the in vitro assays used here. The experiments were
undertaken to explore the questions: (1) Do fibrous tajc and
asbestos fibers cause similar biological responses in epithelial
and mesothelial cells? (2) Is reactivity to mineral samples dose
related? and (3) Are responses in various cell types related only
to numbers and sizes of fibers in each preparation or does
mineralogy, including chemical composition, surface proper-
ties, and mineral suucture, play a role?

METHODS

Sources of Mineral Samples

Three sanples from the New York State Gouvverneur Mining Distict, FD14,
S157. and CPS183, and two asbestos samples, NIEHS chrysotile (Plastibest
20) and NIEHS crocidolite, were used in this study. The asbestos samples are
essentially monomineralic and have been studied in detail (Campbell er al,
1980). The general geology and mineralogy of the Gouverneur District are
described by Engle (1962) and Ross er al. (1968). FD14 is 2 commercial wlc,
$157 was once produced from this district as a fiber talc product, and CPS$183
is 2 laboratory separated concentrate of fibrous tale, Fibrous walc is a general
term that includes fibers composed entirely of the mineral tale as well as fibers
that are composed of both tale and amphibole (probably anthophyllite) inter-
grown on a submicremeter scale (Stemple and Bondley, 1960: Virta, 1985).
The index of refraction of the fibers increases as the amphibole component
increases (Veblen and Wylie, 1993). Fibrous {alc is present in trace amounts in
many commercial talc deposits, but it is a major component of most taic
produets from the Gouvemeur Tale District. All samples were characterized by
scanning electron microscopy {SEM), optical microscopy (OM), and x-ray
diffraction (XRD); CPS183 and NIEHS crocidolite were also studied by TEM
as this technique is more sensitive for the detection of smaller, thinner
particies.

Characrerization of Minerals

The samples were swdied by XRD and SEM at Yale University in order to
establish the overall mineralogy, mineral abundances, and the number of fibers
per microgram. They were examined by OM at the Laboraiory for Mineral
Deposits Research, Universiry of Maryland, in order o determine the miner-
alogy, mineral abundances, and number of fibers per microgram of the sam-
ples. and by wransmission electron microscopy (TEM) a1 AMA Laboratories,
Beltsville, Maryland (under the direction of the Laboratory for Mineral De-
fosits Research) for the purpose of determining the detailed size distibutivn of
{ brous talc and especially 10 examine the content of fibers 0.1 um in width and
siraller. The protocols followed in each laboratory are described below. For
pu:poses of this paper, “‘pardcles” refer- o particles of ail aspect ratos.
“Fiber'" refers to particles thar have an as:sect ratio (length/width) of at least

five and to bundles of such fibers. “‘Fibers™ (unless otherwise specified)
include true mineral fibers (very high aspect ratio particles whose shapes were
anained during minerat formation) as well as elongated cleavage fragments
{shape produced duning comminution).

X-ray diffraction. Samnples mixed with an internal standard and spun 10
minimize preferred onentation were analyzed by using a SCITAG Pad V
automated diffractometer. [dentification of minerals was based on comparison
of the X-ray pattern with standard patterns.

Optical microscopy. A known weight of sample was dispersed in water
and then passed through a 22-gauge needle 8X and sonicated 4 min before
mounting on slides. A drop of immersion oil 75 = 1.598 was placed over the
dried sample. For all samples except chrysonle (N = 2 mixwres), at least five
separate mixtures were prepared from each sample and at least rwo skides were
made from each mixwre. One-hundred fibers were counted from each slide.
All fibers longer than § yum and all panicles that appeared 1o be composed of
bundles of fibers were categorized by length and widih and by index of
refraction according to the following characteristics: all indices of refraction
greater than 1598 (amphibale), index of refraction parallel to elongation
greater than 1.598 and index of refraction perpendicular to elongation less than
1.598 (fibers composed of ialc and a significant amount of amphibole, and
referred 1o as talc/amphiboele), or all indices of refraction less than 1.598 (fibers
dominated by the mineral talc). The number of fiber per microgram was
calculated by assurning that particle disuibutions were representative and
directly proportional to the area of the flter.

Scanning electron microscopy. A known weight of sample was dispersed
in water, passed through a 22-gauge syringe needle 8, and depasited ontw a
0.45-p.m cellulose filter. Replicate preparations were made for each sample
and analyzed independently to test for homogeneity. The filters were examined
with a JEOL JXA 8600 SEM equipped with EDXA. Particles that were ar least
| pm in length and 0.12 pm in width could be detected. Mineral identification
was automated by predetermining the relative percentages of Na, Ca. K, Mg,
Al, Si, Mn, and Fe in mineral standards and comparing them 1o the elemental
compositions determined on the sample panicles (Petruk and Skinner, 1997).
The number of particles per microgram of sample was calculated by assuming
that the particle distributions were representative and directly proportional to
the area of the filter.

Transmission electron microscopy, A known weight of sample was dis-
persed in water, flushed with a 22-gaunge syringe needle 8X, and then sonicated
for 4 min. The solutions were then dituted and filtered through a 0.22-pm
cellulose acetate filter. The samples were analyzed on a JEQL 100 CX 1I
electron microscope at 19,000X magnification, Over 300 fibers from each
sample were measured.

Surface areg measurements.  All five samples were tesied for single point
N,-BET surface areas by J. W. Anderson of R. T. Vanderbilt Corporation. The
tests were repeated 4X for each sample. Dawn were expressed as square
millimeters per gram of sample.

Cell cuiture and addition of fibers to bioassay, A HTE cell line previously
isolated and characterized by Mossman e al. (1980) was maintained at
passages from 38 to 50 and cuitured routinely in Ham’s F12 medium (Gibeo,
Grand Island, NY) containing penicillin and streptomycin (both at 100 U/mi)
and 10% newborn calf serum (Gibco). This cell line is diploid and possesses
features, i.e., mucin secretion and cilia. of differentated epithelial cells.
Primary cultures of RPM cells were isolated by scraping the parietal pleural of
two weanling male Fischer 343 rats (Janssen er al., [994) and were mainuained
for up 1o eight passages in Ham's Fi2-DMEM contining anubiotics (as
wiuve), 10% feta calf serum (Gibeo), hydrocoitisune (100 ng/ml), insulin {2.5
pg/mi), transferrin (2.5 pg/ml), arg s lenium (2.5 ng/ml).

Mineral samples prestenlized in a dry oven overnight at 130°C were added
10 Hanks' balanced salt solution (VTSS} before tm-tion 8x through a 22-
gauge synnge needle and addition 1o cultures in 2% seruri-containing medium.

A CFE assay was also used - sc wilive test for cytotoxicity and cell
proliferation (Mossman and S¢ ko, 199", Marsh er ., 1994; Timblin erf al,
1995). HTE (400 celis/60 mm «- ., . RPM 12000/60 mn dish) were plated
for 24 hr before addition of dus s iv medivm conizining 2% serum as described
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TABLE 1
Characterization of Talc and Asbestos Samples

Sample Mineralogy (% of sample)

Minera) cormposition

Talc (37), wemolite (35), serpentine (15), other

FDI14 (<2), unknown (12)*
Taic (60), wemolite {12), unknown (21), other (4),
5157 anthophyllite (3), quartz (1}

le (50), quanz (12), unknown (28), remolite
CPS183_J (4), other (4), anthophyllite (3)
NIEHS crocidolite Riebeckite (1G0)
NIEHS chrysatile Chrysotile (100)

Mineralogy of fibers >5 pm

FD14 Tale (62), amphibole (24),% talc/amphibole (14)
S157 Talc (84), amphibole (11). talefamphibole (5)
CPS183 Talc (99), amphibole (1), talc/amphibole {<1)

NIEHS crocidolite Crocidolite (100)

NIEHS chrysotile Chrysotile (100)
Surface area Fibers =
Sample (mm*/gm) Fibers/pg 5 pm/pg

Surface area and fibers/peg®

FDi4 62=02° 25 %107 0.8 x 10°
S157 4902 1.1 % 10* 48 % 1¢°
CP5183 49 =04 L1 X 10° 92 x 10°
NIEHS crocidolite 103=13 53 % 10° 38x10°
NIEHS chrysotile 254+ 05 53% 10 3ax 10t

2 Primanly magnesium silicates (talc and taic/amphibole) with SEM/EDXA
spectra oo fow for conclusive identification.

¥ The most abundant amphibole is remolite.{a)very small amount of antho-
phyilite may be included.

* Data are based on SEM measurements. Chrysotile values are low due 10 its
poor visibility on the SEM. Standard error of measurement is estimated to be
20%.

9Mean ¥ standard error of measurement of four individual measurements

per group/(

above. Minerals were then added, and untreated and mineral-exposed culmres
were maintained for 7 days before examination. At this time, plates were rinsed
in HBSS and fixed in methano! and stined with 10% Giemsa stain. and total

.colonies greater than 50 cells per plate were counled by using a blind code

{Mossman and Sesko, 1990; Marsh ef al,, 1594; Timblin er al., 1995). Dupli-
cate experiments were performed for ¢ach bioassay with N = 3-4 dishes per
group per experiment. Statistical analyses of all data were performed by using
analysis of variance and treng znalysis.

RESULTS

Mineralogy

The overall mineralogical composition, the mineral compo-
sition of the fibers, the number of fibers per microgizm, and the
surface area measurement of the samples used in our studies
are given in Table 1. FD14 is composed of platy talc, true
mineral fibers of talc and talc/amphibole, cleavage fragments
of uemolite, platy serpentine (chrysotile absent), and trace

amounts of other minerals. Fibers make up approximately 11%
of the particles identified by SEM. They are mostly talc fol-
lowed by amphibole cleavage fragments and talc/amphibole.
§157 is composed of platy talc, true mineral fibers of talc and
talc/amphibole, tremclite and anthophyliite cleavage frag-
ments, and quartz. Fibers make up about 37% of the particles,
and they are mostly talc with smaller amounts of amphibole
cleavage fragments and talc/amphiboie. CPS183 is composed
of true mineral fibers of talc and a very small amount of
talc/amphibole, cleavage fragments of tremolite and antho-
phyllite, and quartz. Fifty-nine percent of the particles are
fibers, and they are almost all fibers of talc. The three talc
samples represent a range in the amount of fiber present (both
in portion of sample and in number of fibers/ug) and in the
mineralogy of the fibrous portion, primarily in the content of
amphibole both as a separate phase and as a component of
fibrous taic. NIEHS crocidolite and NIEHS chrysotile are
essentially monomineralic populations of true mineral fibers of
riebeckite and chrysotile, respectively. The very small widths
result in many more fibers per microgram than are found in the
tale samples.

Surface Area

The specific surface areas (mmzlg) of talc samples are
smaller than asbestos samples and roughly comparablie 10 each
other. The larger surface area of FD14 compared to the other
taic samples is probably due to the presence of more abundant
small platy talc particles that have two almost equivalent
dimensions and one that is very much smaller, producing a
large surface area/rnass ratio. The greater surface area of chry-
sotile with respect to crocidolite can be attributed to its lower
density and small fibril width and perhaps in part to the
straw-like structure of the chrysotile fibers if N, penetrates the
holtow center of the chrysotile tubes. Since the surface reac-
tivity of different minerals affects the surface adsorption of N,,
some of the variation among samples may be related 1o min-
eralogy as well.

Size Distributions of Fibers in Mineral Preparations

Figure 1 shows the frequency of length and width for all
fibers in units of fibers/microgram and the frequency of width
for only those fibers greater than or equal to 5 um in length as
established by SEM and OM. The abundance of narrow cro-
cidolite fibers accounts for the fact that the NIEHS crocidolite
contains more fibers per microgram than any other sample
{Table 1). CPS183 and S157 are very similar in many respects.
They are composed of similar nuinoers of fibers per micro-
gram, but there are slightly nore longer fibers and fewer long,
wide fibers in CPS183. FD14 contains th smallest number of
fibers per microgram and .hv highest prooertion of the widest
fibers. In generai, taic fibars are parro v r than amphibole
cleavage fragments and *he diff .rences in he sizes of the fibers
among the tafc samples ... purt reflere the cifferences in the
abundance of amphibol - «12avage fragments vs fibrous tale. As
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FIG. 1. The frequencies of length and width in units of fibers per micro-
gram are shown for the three wlc samples and two NIEHS asbestos samples.
Also shown is the frequency of width (fibers/ug) for those fibers longer than
5 wm, (M) Chrysotile; ([3) crocidolite; (&) FD14; (@) 5157; () CPS183.

the amphibole content increases from CPS183 1o S157 10
FD14, the total fiber content goes down, and, o~ average, the
fibers decrease in length and increase in width. No distinction
between the size distributions of talc and talc/famphibole fibers
were documented. '

Table 2 gives the percent:ige of fibers in length—width catego-

WYLIE ET AL.

ries for CPS183 and NIEHS crocidolite asbesios as measured by
TEM. These data enable a direct comparison berween the dimen-
sions of fibrous talc and crocidolite that is not resuricted by the
0.1-pm width limit in the SEM data. These two true minerai fiber
populations are quite simylar, differing most notably in the higher
proportion of wide (>0.5 um) fibers and slightly lower proportion
of long (>20 um) fibers in fibrous talc.

CFE Assays

Combined data from duplicate experiments with HTE and
RPM cells are presented in Figs. 2 and 3, respectively. CFE data
are expressed as a ratio of the number of colonies in mineral-
exposed cultures in comparison to control colonies X 100 at
various concentrations of rninerals on a weight basis (ug/cm?) as
is typically found in the literature (Mossman er af., 1990; Health
Effects Institute, 1991). In HTE cells, both asbestos types showed
an elevated number of colonies (p < (.05} at lowest concentra-
tions indicating increased cell proliferation and/or survival in
response to asbestos fibers and confirming earlier studies (Moss-
man and Sesko, 1990; Marsh et al., 1994). Significant decreases
(P < 0.05) in CFE, an indication of toxicity or growsh inhibition,
were observed at concentrations of asbestos of 0.5 pg/om?® and
greater. In contrast, RPM cells did not exhibit proliferative effects
in response to either asbestos type, but statistically significant
{p < 0.05) decreases in CFE were observed at concentrations of
asbestos fibers greater than 0.05 pg/cm? In both cell types, the
talc samples were less cytotoxic than asbestos. CPS183 was the
most toxic talc sample, followed by S157 and FD14. In contrast to
the other mineral samples, S157 and FD14 did not exhibit signif-
icant linear trends in cytotoxicity with increasing dosages in HTE
cells.

Figures 4 and 5 show the same cellular response data as
Figs. 2 and 3, but dose is calculated based on the number of

TABLE 2
Percentage of Fibers by Length and Width (um) as Determined
by Transmission Electron Microscopy

Length  Widih: 0.01-0.1  >0.1-0.25 >025-05 >035-10 >{0
CPS183
<l 2.9 1.6 _ — —
>1-2 4.1 14.1 05 — —
>2-5 a5 220 6.8 1.6 —
>5-10 Q.9 9.8 4.3 4.5 05
>10-20 0.5 7.3 3z 2.3 25
>20-50 0.2 1.8 27 1.4 20
>50-100 — — — — 0.2

NIEHS crocidolite

<1 L3 0.3 —_ — —
>1-2 1.1 9.3 0.3 — —
>2-5 ‘L 316 29 — —
>5-10 1.4 18.1 37 0.6 —
>10-20 '™ 10.7 32 0.3 —_
>20-50 0.6 2.9 1.4 1.1 —_
>50-100 — o7 1.4 06 —

F4-F5
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FIG. 2. Colony-forming efficiency (CFE) of HTE cells at various weight
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0.05 in comparison to vntreated controls, (A) Chrysotile; (W) crocidolite; (O)
FD14; (3) S157; (A) CPSI83.

fibers greater than or equal to 5 pm/cm? (fibersfcm®) rather
than total sample weight per square centimeter. The data are
taken from the SEM characterizations, but the comparisons
would be the same if OM or TEM data were used. Doses of
total sample per square centimeter administered to the cultres
covered such a wide range that there were equivalent doses of
fibers per square centimeter in almost all length/width catego-
ries for all samples. Therefore, even though crocidelite and
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FIG. 3. Colony-forming efficiency (CFE) of RPM cells at various weight
concentrations of samples. The standard erver in CFE is indicated on the
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FIG. 4. Colony-forming efficiency {CFE) assays in HTE cells expressed
as a function of fibers =5 pm in length per em® (f/em?). The symbol width is

equal to or greater than estimated error. The standard error in CFE is indicated

on the symbols. *p < 0.05 in comparisen to untreated controls. (A) Chrysotile;
(M) crocidolite; (O) FD14: (I) §157; (&) CPS183.

chrysotile contained many more fibers per microgram than the
talc samples, the same number of fibers per centimeter were
administered in low doses of asbestos and high doses of 1alc
(ng/em?)

As shown in Fig. 4, the enhanced responses of HTE cells 10
asbestos appear to be a function of mineralogy and not fiber
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USSR [V I T P I P S P W S P W T R S mineralogy and fiber size, which in turn may vary in prepara-
- tions obtained from different geographic locations and some-
160 — o times even from the same locality (Guthrie and Mossman,
; m; *‘ kq* 1993). The two most widely studied types of asbestos are the
- \\‘ serpentine mineral chrysotile (Mg;Si,05(OH),). the most com-
w120 N, Q"‘ & mon type of asbestos in the Northern hemisphere and in com-
O 50— A AT 4) - mercial usage historically, and the asbestiform variety of the
2 - ? ~._, / HD - ,q] amphibole riebeckite, crocidolite (NayFey”*Fey? *SigD,-(OH),),
g 8- ”\\Ebr/ s - Y N fix a high-iron-containing asbestos mined in parts of South Africa
‘-\g 60 — 4)* t\ and Western Australia. Although crocidolite is implicated as
° 0 — > more potent in the induction of mesothetioma, both chrysotile
. - A* and crocidolite are linked occupationaily to the development of
20— \\‘ lung cancer and asbestosis (Mossman and Gee, 1989; Moss-
o HTE \k;-\" _a» maneral, 1990, 1996; Guthric and Mossman, 1993; Health

T T T T T T T Effects Institute, 1991).
O @ @ T N QN T W@ QN T QDO N How asbestos causes lung disease is uncertain, but acute
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FIG. 6. Colony-forming efficiency (CFE) assays in HTE cells expressed
as a function of surface areas of mineral samples (mm*cm?®). The symbol

- width is equal to or greater than one standard error. The stardard error in CFE

is indicated on the symbols. *p < 0.05 in comparison 10 untreated contols. (A)
Chrysotile; (M) crocidolite; (O) FD14; () 5157; (A) CPS183.

concentration. The same concentrations of fibers greater than 5
pm of chrysotile and crocidolite that cause proliferation in
HTE cells result in no effects when comparable concentrations
of FD14 fibers are used, insignificant cytotoxicity with S157
fibers, and significant cytotoxicity with CPS183 fibers. It there-
fore seems likely that characteristics of the samples that are
related to their mineralogy contribute to proliferation and/or
cell growth inhibition.

As shown in Fig. 5, the response of RPM cells appears 1o be
independent of the mineralogy of the samples. Neglecting the
slight cytotoxic response of FD14 at low concentrations, the
minimum concentrations of fibers per square centimeter nec-
essary to cause significant decreases in CFE is between 10° and
10" fibers per square centimeter for all samples. In changing
the size definition of a fiber {e.g., >8, <0.25 pm; >20 pm, ail
widths; all lengths, w < 0.28 pm), we found that the effective
dose changed but the relationships among the samples did not
(data not shown).

Figures 6 and 7 show CFE data in HTE and RPM cells,
respectively, as a function of surface area. It is evident that
surface area per se cannot expilain cellular responses to min-
erals in HTE or RPM cells. Despite the fact that crocidolite and
chrysotile have much larger surface areas per microgram, the
range in the amount of sample administered resulted in similar
doses between the asbestos and talc samples.

DISCUSSION

Asbestos is a term applied w a group of minerals that
possess simifar physical propernies because of their habit of
growth. However, ditferent types of asbestos differ in their

toxicity, measured by a variety of techniques which have
detected increases in membrane permeability, necrosis, release
of oxygen-free radicals, exfoliation, and cell death (reviewed in
Mossman and Begin, 1989) has been observed in a variety of
cells exposed 1o high concentrations of fibers. At lower con-
centrations, both cracidolite and chrysotile asbestos cause cell
proliferation in HTE cells and organ cultures, phenomena not
observed with various synthetic fibers or nonfibrous analogs of
asbestos (Marsh and Mossman, 1988; Woodworth ez al., 1983).
These biclogical responses to asbestos may be important in the
induction of neoplasms as cell injury may cause exfoliation and
compensatory hyperplasia of surrounding cell types which are
more sensitive to genetic damage. As suggested by Ames and
Gold (1990), mitogenesis may facilitate mutagenesis and con-
wibute to tumor development. In addition, cell proliferation is
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FIG. 7. Colony-forming efficiency (CFE) assays in RPM cells expressed
as a funv:a of surface ar-as of mineral samples (mm¥em). The symbol
width is equal to or greater 1123 one standard crror. The standard error in CFE
is indicat+.” >~ « .¢ symbols. ‘p < 0.05 in comparison 1o untreated controls. (&)
Chry: otile; (WF. crocidolite; Oy FD14; (O) SU157: (A) CPSIS3.



TALC AND ASBESTOS EFFECTS ON RODENT CELLS 7

an imporiant component of tumor promotion and progression,
and asbestos is a documented tumor promaoter in epithelial cells
of the respiratory tract (reviewed in Mossman er al, 1990,
1996; Health Effecis Institute, 1991).

Qur results with asbestos samples are interesting in that HTE
cells are unique in exhibiting increased CFE, in comparison 1o
untreated and talc-exposed cells. Moreover, both cell types
were more sensitive to the cytotoxic effects of equal weight
dose amounts of asbestos in comparison to taic. The lack of
response of RPM cells to the proliferative effects of asbesios
may reflect the fact that single cells, as opposed to confluent
monolayers (Marsh and Mossman, 1988; Woodworth et al.,
1983), were exposed to fibers here. For example, when added
1o confluent, growth-arrested RPM cells, cracidolite causes cell
proliferation as measured by dual fluorescence techniques with
an antibody to S-bromodeoxyuridine (BrdU) and the DNA dye
YOYO (Goldberg et al., 1997). Moreover, increased numbers
of both pleural mesothelial and bronchial epithelial cells in-
corporating BrdU are observed after inhalation of NIEHS
crocidolite or chrysotile by rats (BeruBe er al, 1996). As
suggested by Gerwin et al. (1987), mesothelial cells may
require growth factors, either produced endogencusly or pro-
duced by other cell types, for proliferative responses to asbes-
tos, and the small numbers of cells used in the CFE bioassay
may not be sufficient for amounts of cytokines needed here.

Our experiments also show that fibrous talc does not cause
proliferation of HTE cells or cytotoxicity equivalent to asbes-
tos in either cell type despite the fact that talc samples contain
durable mineral fibers with dimensions similar to asbestos.
These results are consistent with the findings of Stanton er al.
{1981) who found no significant increases in pleural sarcomas
in rats after implantation of materials containing fibrous taic.
Moreover, Smith and colleagues report no sarcomas in ham-
sters after implantation of FD14 (1979), and other rodent
studies in which talcs of various types have been administered
by inhalation of injection also have not shown an increased
incidence of mesotheliomas or carcinomas (Stenback and
Rowland, 1978; Wehner er al., 1977). Epidemiologicat studies
also indicate that talc in a number of occupational settings is
less pathogenic than asbestos in the development of lung
cancer, and the reports indicating excess lung cancer mortality
may underestimate smoking habits, an important confounder,
and exposure to commercial asbestos (reviewed in IARC,
1987a.b; Ross er af,, 1993). In essence, data have not proven
that talc is a human carcinogen as small numbers of cohorts
have been studied, smoking histories are poorly documented,
and workers were often exposed to other dusts, including
asbestos, that may cause lung disease.

Increases in cytotoxicity over ime w'ili T 3183, as opposed
to the other talc samples, in both cell types also suggest the
importance of mineralogic differences as the size distributions
of CPS183 and S157 are sucilar. Since CPSI183 fibers are
mainly talc, while S157 contains more talc/amphibole and
amphibole, mineralogical vanability may affect the responses
of cells tc cytotoxic effects of tale. Nonfibrous particles such as

quartz may alse play a role in cytotoxicity of the talc samples
since CPS183 higher number of quartz particles, a mineral
known to be cytolytic (Mossman and Begin, 1989).

Data presented here lend increased uncertainty to the con-
cept that long thin fibers {length >8 pm, width <0.25 um, ie.,
the Sianton hypothesis (Stanton er ai,, 1981)] are the predom-
inant factors predicting tmorigenicity and fibrogenicity
(Mossman er al, 1990; Health Effects Institute, 1991). In his
elegant and comprehensive studies, Stanton and colleagues
implanted two samples of fibrous talc (No. 6 and No. 7 sam-
ples) into rats. One of us (AW) examined talc No. 6 and found
it to be similar in mineralogy, size distribution, and morphol-
ogy to FD14, and little is known about No. 7 except that it was
obtained from the Gouverneur District. Neither tale produced
significant excesses in pleural sarcomas despite the fact that the
dose of fibers >8 pm in length and <0.25 wm in width in
sample No. 6 was large enough o predict a tumor probability
of >50%.

In summary, intrapleural injection studies in rats, epidemi-
ologic investigations, and our in vitro work with fibrous talc
here suggest caation in generalizing that durable fibers >5 pm
or with aspect ratios approximating Stanton criteria are always
mere bioreactive and pathogenic. Our work is significant in
that it supports reanalysis of the Stanton data by Wylie et al.
(1987) and others (Oehlert, 1991; Nolan and Langer, 1993) and
provides data implicating the importance of mineral type,
rather than fiber length per se, in determining cellular outcomes
associated with pathogenicity of mineral dusts.
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QUALIFICATIONS AND EXPERIENCE.

I received a Baccalaureate [BSc] degree in Geology and Chemistry at the University of London, England in
1966, a Master of Science [MSc] degree in Geological Sciences [Dean's Honours List] at McGill University
in 1969 and a Doctor of Philosophy degree [PhD] in Epidemiclogy [Dean's honours List] at McGill
University, Montreal, Canada in 1972. 1 am a Licentiate of the Royal Society of Chemistry [LRSC]} and a
Registered Oceupational Hygienist [ROH] through the Canadian Registration Board of Occupational
Hygienists. I have worked in the occupational and environmental health fields for more than 40 years. My
curriculum vitae and list of publications are attached [APPENDIX A].

BACKGROUND.

The R.T. Vanderbilt Company Inc., through the Environmental Sciences Laboratory, Brocklyn College of
the City University of New York, have requested that I undertake a review of the various epidemiological
studies of workers employed by the Gouverneur Talc Company in New York State to determine if they
support or otherwise the designation of talc from this deposit as a carcinogen. The following is my report on
this matter.

DEFINITIONS

The "Draft Background Document” for "Talc Asbestiform and Non-Asbestiform” is not clear in its definition
of "Talc Asbestiform”. The summary statement on page iii and v refer to: "Talc containing asbestiform
fibers". Does this mean talc containing asbestos fibres or tale containing non-asbestos asbestiform fibres,
both or talc containing elongated particles with aspect ratios exceeding 3:1, but with diameters less than
about 3-4 micrometres? On page S, the document notes "Natural talc deposits and commercial talc products
are found to contain serpentines (chrysotile, antigorite and lizardite) and fibrous and non-fibrous amphiboles
[Rohl et al 1976]. This form is also known as asbestiform talc, talc [containing asbestos] or talc containing
asbestiform fibres."

If this is the definition being adopted by NTP, and if the term fibrous amphiboles in this definition refers 10




amphibole asbestos, then, it is not clear why a separate nomination would be

needed for talcs containing asbestos as the asbestos minerals have already been classified as carcinogenic.
The presence of asbestos fibres in a talc does not render the mineral talc carcinogenic, but the mixture,
dependant on the asbestos fibre type, fibre dimensions and percentage may increase cancer risk.

On the other hand, the "Draft Background Document” cites studies of GTC miners and millers in support of
the nomination. Because of this, it must be assumed the author of the "Draft Background Document”, RG1
and RG2 consider that these workers are exposed to "talc asbestiform®. This presents a definition problem
because there is expert mineralogical opinion that GTC workers are not exposed to asbestos although they
may be exposed to cleavage fragments meeting the OSHA definition of a fiber, talc fibers and transitional
fibers. 1 will leave this technical issue to those who have studied the ore, product and airbome dusts and in
this submission, the term "GTC talc” will refer to the mixture of minerals produced as "talc” by the
Gouverneur Talc Company from its New York Deposit and include all its components. When the
unqualified term "talc" is used, it refers to the minerals and mineral habits present in a particular talc.

CRITERIA TO DECIDE WHETHER GTC TALC IS CARCINOGENIC

According to the background document, listing a substance as a "known human carcinogen” requires that
there is sufficient evidence from studies in humans, "which indicates a causal relationship between exposure
to the agent, substance or mixture and human cancer”. The criteria for listing a substance as "Reasonably
anticipated to be a2 human carcinogen” is "There is limited evidence of carcinogenicity from studies in
humans, which indicates causal interpretation is credible but that altemnative explanations such as chance,
bias or confounding factors could not adequately be excluded" or there is sufficient evidence of
carcinogenicity from studies in experimental animals.

The report of the Carcinogens review group RG1 concluded that tale containing asbestiform fibers is known
to be a human carcinogen and RG2 concluded that talc containing asbestiform fibers is reasonably
anticipated to be a human carcinogen. Both conclusions are based largely on studies of talc miners and
millers and "asbestos” exposure is mentioned.

In order to correctly interpret the results of the GTC worker studies, it is important that any pre-conceived
notion that asbestos may be present and must be responsible for any increased respiratory cancer risks be set
aside. The evidence for or against classifying talc as produced by GTC as a carcinogen should rest on the
evidence {rom the studies of talc workers and determine if the exposures are causally associated with
increased risks of respiratory cancer or that a causal interpretation is credible. The experimental data are part
of this evaluation. Experimental data will not be discussed in this report, but must be considered in refation
to plausibility. Some of the criteria which are often used in deciding on causality in epidemiological studies
are listed in APPENDIX B.




LUNG CANCER RISKS IN GTC WORKERS.

The first study to include some GTC workers was a proportional mortality ratio [PMR] study of miners and
millers in New York State who had had 15 or more years of exposure to talc dust in 1940 or between 1940
and 1965 [Kleinfeld et al 1997]. Follow-up began in 1940 which was, seven years before GTC began
production. It is evident that the number of GTC workers included in this cobort would have been very
limited. The study indicated a high PMR from lung cancer, but this needs to be interpreted with considerable
caution as 30% of deaths in the cohort were due to pneumoconiosis or complications, a cause of death not
common in the referent US general population. It was also based on the US proportional mortality for only
one year. The role of smeking was not assessed and the characterization of the dusts to which the workers
were exposed was general with no reference to mineral habit. All cases of lung cancer had initial exposure
before 1945 when wet drilling was introduced, but "there was no evidence to indicate that there was a direct
relationship between duration of exposure prior to the onset of wet drilling and the occurrence of pulmonary
carcinoma”. In retrospect, this is perhaps the first indication that the lung cancer risk may not be exposure
related.

Brown et al [1980] reported on the NFOSH study. This study has been well critiqued [eg: Gamble 1985} and
there is little value in revisiting this cohort of 398 workers as the study has now been updated and
superseded by more recent information. For the record, the study did not examine exposure-response or take
smoking into consideration.

Stille & Tabershaw [1982] studied 744 men employed January 1 1948 through December 31 1977. After
exclusions for lack of information, 655 white male talc workers were available for analysis. The mortality
from lung cancer compared to US white males was not statistically significantly increased [SMR = 157
Observed = 10] in men who worked at the plant [assumed to be GTC] but was statistically significantly
greater [SMR=214 observed 8] in men who worked elsewhere before joining the plant. Incidentally, most of
the criticisms Jevelled at this report by IARC and nated the "Background Document, page 207, also apply to
the original NIOSH study in 1980 and Vermont study by Selevan et al [1979] as none of these studies took
account of smoking or involved an examination of exposure-response.

Lamm et al [1988] reported on what appears 1o be essentially the same cohort as studied by Stille and
Tabershaw [1982]. They found that 425 had worked for GTC for more than one year and 280 for less than
one year. They categorized cach job on the pre-employment history by likelihood of increasing lung cancer
risk. The overall mortality from respiratory cancer was elevated [SMR = 240}, but as reported by Stille &
Tabershaw [1982], the Jung cancer mortality was concentrated in men employed for 1 year or less |
SMR=317] and concentrated in those who had worked in jobs carrying a lung cancer risk before joining
GTC [SMR=316]. The respiratory cances risk was lower in persons with longer duration of employment.
Importantly they noted that there were no differences in the initial jobs assignments at GTC for workers who
left within 1 year and those who stayed. This observation does not support the hypothesis put forward by
Brown et al {1980} that the excess lung cancer nisk is due to shost high exposures encountered by short-term
workers. This study did not have smoking information available.

In 1990, Brown ¢t al [1990] expanded the original NFOSH cohort definition, increasing the cohort size to
710 white males employed at any time between 1947 and 1978, and updated the vital status to December
1983. The overall SMR for lung cancer was still elevated [SMR 207] compared to the experience of US
males. However, the authors found that the SMR for workers with 20 or more years of latency and less than
I year tenure was 357 [CL: 154, 704), while those workers with more than 20 years of latency and more than
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1 year of tenure had an SMR = 178 which was not statistically significant; ie could have occurred by chance,
Again, detailed smoking histories were not available. This difference in risk between the short term and long
term employees would not be the pattern anticipated if the lung cancer excess were refated to the GTC
exposures unless the short-term workers had higher talc exposures than longer term workers. The study by
Lamm et al [1988] did not suggest that this was a likely scenario. Again an exposure response study was not
undertaken. This report was not cited in the Background Document.

The reason for the excess Jung cancer reported by Kleinfeld et al [1967] and Brown et al {1980] was not
known in 1986 when IARC {1987] deliberated on talc, It was probably inferred because the studies involved
talc miners and millers and minerals such as "tremolite and anthophyllite [asbestiforn: and nonasbestiform
habits] were mentioned. In fact, there had been no exposure-response studies and smoking had not been
taken into account, The results of the larger NIOSH study [Brown et al 1988] or the results of studies
discussed in the following paragraphs were not available to them.

Four years after the IARC {1987] review of Talc, the interpretation of the data were still being debated
[Morgan & Reger 1990). However by that time, it was known that:

There was an increased mortality from lung cancer in GTC cohort members. This was observed by
all researchers, but this should not be surprising as they were studying the same or overlapping
cohorts.

The excess montality from lung cancer was greater in the workers employed for less than 1 year than
in those employed for more than 1 year.

The excess did not seem to be due to different initial job assignments for workers with short and
long term employment.

The excess lung cancer mortality seemed to be explained in part by prior employment in other
"cancer risk” industries,

Since 1990, two studies have become available which are extremely important in understanding the
epidemiological studies and are the only ones available which provide information on which to determine
whether or not the excess lung cancer in GTC workers is associated with exposure to GTC talc.

The first study is the nested case-control study reported by Gamble [1993). The 22 cases selected for study
were those dying with lung cancer in the NIOSH update cohoert of 710 white males studied by Brown et al
[1990]. There were 3 controls per case, matched as closely as possible for date of birth and date of hire.
Controls had to survive the case. Work history information was obtained from GTC files and tobacco use
and additional work history information was obtained from the cases and controls or from relatives and
friends. Smoking status was obtained for all cases and controls. A panel of epidemiologists and occupational
hygienists classified the non-talc jobs held by the cases and controls as to the risk of lung cancer associated
with them on a scale of probable [score 3], possible [score 1], or none [score 0). The composite score was
developed for each man by multiplying the score for each job by the time spent in that job and summing the
results over all jobs, The total scores were broken into 4 categories and estimates of the odds ratios for each
category were then used to determine if this index of work at other than GTC jobs increased the risk of fung
cancer. The author analyzed the data with and without non-GTC talc experience and took latency into
accournt. The important findings were as follows:




- In an analysis to determine lung cancer risk in relation to smoking, the odds ratio in smokers was
5.71 when the odds ratio for ex-smokers and no-smokers was set at 1.00. This risk was 6.55 in
persons smoking more than >40 cigaretie/day smokers. There were no no-smoking fung cancer
cases. Ji is evident that smoking has the potential to play an important role in the lung cancer
experience of these workers.

- All workers had had non-GTC jobs. However, there was no increasing trend in the odds ratios for
the risk of Jung caneer with the "non-talc employment" indices, This indicates that workers were not
dying of lung cancer as a result of working elsewhere. It is unfortunate that the author did not also
carry out this analysis with a 20 year latency, to determine whether the most relevant employment in
non-GTC jobs was associated with an increased lung cancer risk as this was suggested by previous
research, For this reason the possibility that work elsewhere contributed to the lung cancer risk
cannot be totally excluded.

- When only smokers were analyzed, the case control studies showed that the odds ratios for lung
cancer risk by tenure at GTC with and without a 20 year latency showed no increasing trend and
0dds ratios remained below 1.00 as tenure increased. In fact the results consistently suggest that the
risk of lung cancer decreased significantly with tenure at the plant. This pattern did not change in
any important way when non-GTC talc exposure were added. This is not consistent with exposures
at the plant being responsible for the apparently increased risk of Jung cancer in the cohort unless
tenure does not reflect exposure.

- The decreasing pattern of risk with increasing tenure would occur if the risk of the short tenure
workers was elevated [for whatever reason]. The fact that it was increased was suggested in previous
studies. In this regard it is important to note that Gamble did analyze the data excluding men with
less than 20 years latency and less than both 1 year of tenure and men with less than 3 months of
tenure. In the latter case, 11 lung cancer cases were removed. The case-control analysis restricting
the analysis to smokers and setting the cdds ratio for the 3 months - 5 years of employment at 1.0
showed that workers employed 15-34 years with more than 20 years since first employment had an
odds ratio of 0.73.

The use of tenure as a surrogate for exposure has limitations. First, if there are non-exposed workers, tenure
assumes exposure. Second, if there are large variations of exposure over time, tenure would not reflect these
and this could affect the tenure-response relationship observed. Further the numbers become small [9 cases]
when the short term workers are excluded. In spite of these limitations, the absence of an increasing trend of
lung cancer risk with increasing tenure afier a latency of 20 years and after eliminating short term workers is
not supportive of a GTC employment etiology.

The question now remains as te whether the dust exposure of workess in the GTC mine and/or mill are
associated in any way for the increased risk of lung cancer. The second study attempts to answer this
question [Delzell et al 1995). It is unfortunate that this study has not been published. However, it was
reviewed by 4 reviewers and their collective comments are available [Bochleke 19941

In this study, individual cumulative respirable dust exposures were estimated for all GTC cohort members.
These estimates were based on a job-exposure matrix. This consisted of an average respirable dust
concentration in each work area and calendar year for the period 1948 through 1989, Historical dust




7

concentrations exposures in various work areas by time periods were rated by a knowledgable panel of GTC
employees. Special dust sampling surveys were conducied and paired respirable dust and dust count samples
collected and used to convert historical dust count data to gravimetric respirabie dust concentrations.

Baseline dust concentrations were based on the results of the special survey and a NIOSH survey.

Past dust concentrations were then estimated by weighting baseline concentrations by the scores developed
for the various time periods. These estimated past concentrations were then validated against historical dust
measurements, It appears that a carefully considered approach was used to obtain respirable GTC talc
exposure estimates which could be used to develop individual exposures for use in evaluating exposure-
response.

The cohort consisted of 818 white men who worked for at least 1 day at the GTC from 1948 through 1989
and who had known birth and employment dates. The follow-up period was January 1 1948 through
December 31 1989, There were 46 men with no work history who had a median duration of employment of
0.19 year. Their exclusion would not impact the risks of longer term workers. Twenty eight percent of the
cohort were deceased. Causes of death were available for 222 [98%] of the 225 deaths. It should be noted
that 344 [429)] of workers worked for <lyr and 521 for <5 years.

Compared 10 US white men, the cohort had an SMR from all causes of 141 {95% CI=123-161). Excess
mortality was observed for several causes of death including circulatory diseases, non-malignant respiratory
diseases and cancer [SMR = 154, 115-200, observed = 54]. The cancer excess was mainly due to lung cancer
[SMR 254, 173-361 observed = 31]. This finding of an overall excess of lung cancer is similar to that of
earlier investigators. The use of local rates did not change the results.

For lung cancer, 22 of the 31 deaths occurred in men with less than 5 years of employment. The SMR did
not rise with increasing length of employment within any category of years since hire. However, a
statistically significant excess was present for the group of workers with less than 5 yrs of employment and
more than 20 years since hire. For workers with more than 5 years of employment with 20+ years since hire
there was a non statistically significant increased risk of lung cancer [SMR = 215, 86-442, observed =7].
Thus, in the 20+ years since hire workers, the SMR of those employed for a short period exceeded that of the
longer term workers. This argues against a GTC work related facior being responsible for the observed
increased risk of lung cancer.

The overall excess of lung cancer was concentrated in men employed in the underground mine [SMR = 440,
262-695, Observed = 18]. In fact the excess lung cancer mortality was in men who were only employed in
the mine [SMR = 473, 280-747, Observed =18].

In contrast, there was only a small non-significant increase in lung cancer mortality in mill workers [SMR =
139, 56-287, observed = 7], a group with similar exposures to the underground workers. Such an increased
risk might be explained by smoking [but this cannot be determined as smoking data were not available].
NMRD was in excess in millers [SMR = 321] and in underground miners [SMR = 349]. If talc were
responsible for the excess lung cancer, one would have expected the same pattern of mortality of lung cancer
mortality in both the millers as well as miners.

Lung cancer mortality was also increased among men who were exclusively employed in unexposed jobs
[SMR= 443, 87-1264, Observed = 3]. This again, on small numbers, argues against a GTC talc etiology for
the Jung cancer excess.




When exposure-response was examined, there was an inverse relationship between lung cancer mortality and
estimated cumulative dust exposure. The relative risk [RR] was 0.66 [CI: 0.32-1.4] for men with cumulative
exposures greater than or equal to the median exposure versus those below the median value. Analyses by
quartiles also suggested an inverse association. When men with less than one year of GTC employment were
excluded, the RR for the same comparison was 0.62 [C1: 0.22-1.8].

All 7 subjects who had reportedly died with pneumoconiosis or interstitial lung disease had cumulative
exposures above the cohort's median value. This suggests that the cumulative index of exposure is relating
sensibly to mortality from pneumoconiosis, but that there is o evidence that the cumulative exposure to
GTC talc relates sensibly to the lung cancer risk observed in this industry.

Two deaths from mesothetioma were reported, The one mesothelioma case had only 15 years between hire
and death, In the Quebec chrysotile miners and millers there was not a single case with less than 20 years
from first exposure to death. The other mesothelioma case had worked for severai years on the construction
of another talc mine before his GTC employment. At GTC he worked as a drafisman during mill
construction in 1948-49 and worked outdoors. After leaving GTC he worked in removing, installing and
maintaining oil heating systems where the possibility of asbestos exposure cannot be excluded. Thus, neither
case is likely linked 10 GTC employment.

In addition to examining the relationship between cumulative respirable dust exposure and lung cancer
montality [not done in any other study), this cohort was larger than the original and updated NJOSH studies;
the follow-up period was longer by 7 years than the most recent NJOSH study; analyses were performed
using national, regional and local rates; internal comparisons were done and a major effort was undertaken to
ensure that the cohort was complete using IRS 941 records. Unfortunately, tobacco consumption was not
taken into account and is a weakness in hat we do not know whether the persons with low cumulative
exposures smoked more than those with high cumulative exposures. I think this is unlikely, based on my
experience with other industries, but we do not know.

While the authors note that the use of an inappropriate index of exposure is another potential weakness, it
would reasonably be expected that a higher respirable dust exposure would mean 2 higher exposure to any
pertinent carcinogenic constituent of the GTC talc if there were any, so while at most, reducing the slope of
an exposure-response relationship, it would be highly unlikely to reverse it. It is unfortunate that Delzell ¢t al
did not gather smoking or non-GTC employment information and carry out a nested case-control study to
determine if they offer a possible explanation for the decreasing risk of lung cancer with increasing
cumulative GTC talc dust exposure.

INFORMATION FROM OTHER STUDIES

There are other studies, some of which were not evaluated by IARC which are pertinent to the issue of
respiratory cancer risks associated with talc.

Rubino et al [1976] followed 1514 miners and 478 millers in Naly. They separated the miners and millers
because they considered the mine air dust to include certain amounts of inhalable silica. The talc was
reasonably well characterised with no amphibole or chrysotile asbestos detected "in any amount in rocks and
in inclusions”. Rubino et al examined the risk of lung cancer in relation to 3 categories of cumulative
exposure levels and showed no increasing risk with either level of Jatency. They also did not find any




increased risk in miners compared to millers. The study used an external comparison population in the area
and also internal comparisons. IARC expressed concerns about their comparison group. In a later paper
[Rubino et al 1979] expected deaths were recalculated using Italian white male rates, which would have
eliminated this concern. There was still a deficit of lung cancer in the miners and millers and no increase in
risk with increasing cumulative exposure to "talc”. This study does not support an increased lung cancer risk
associated with their talc which contained quartz, muscovite, chlorite, garnet, carbonates [calcite and
magnesite]. Talc or other fibers were not mentioned as present or absent.

Wergeland et al [1990] conducted a small study of 94 talc miners and 295 talc millers in Norway. Their talc
was described as "non-asbestiform" talc with low quartz content. However, the talc contained trace amounts
of tremolite and anthophyllite. Fibres were reported to have been detected near the "detection limit for optical
microscopy” and low fiber content confirmed by electron microscopy. I is not known whether these were
asbestos fibers or talc fibers. The main minerals in the talc deposit are talc and magnesite. [n addition the ore
contains magnetite, chromite, chlorite and antigorite with adjacent rocks containing serpentine, mica,
feldspar, calcite and the amphiboles, hornblende and tremolite. Fibers, identified as tremolite, anthophyllite
and talc were parlicles fulfilling the fiber definition of having a length: diameter ratio greater than 3:1.
Smoking information was available. The numbers in the mine were too few to meaningfully interpret, but in
the mill there was no excess incidence of lung cancer.

Selevan et al {1979] carried out a mortality study of what was described as "non-asbestiform™ talc in
Vermont. Quantitative estimates of "tale™ exposure were not made, so the talc exposure-response
relationships were not examined. It was of interest that there was a significant increase in respiratory cancer
mortality in the miners but not in millers. It is perhaps relevant that if "talc” were responsible for the
increased risk of lung cancer, then one would have expected to see the excess in both the millers and miners.

COMMENT

There seems to be little doubt that the overall lung cancer risk in the various GTC cohorts is clevated. On the
other hand, virtually all the epidemiological evidence points away from the lung cancer increase being related
to the GTC talc exposnre. The excess lung cancer in the GTC cohort is present in miners but not in millers.
Tenure and cumulative exposure, trend in a direction contrary to that expected if there were a link with GTC
tak exposure. This trend holds when short term workers are excluded. One can only speculate on reasons
for the high overall mortality and mortality from lung cancer. Smoking seems one likely candidate, but seems
unlikely to explain some of the very high SMR's observed for underground miners, Miners encounter
minerals which may entail exposures which are diluted with other dusts in the mill, so the exposure of
miners is probably different from millers qualitatively. One possibility which has not been evaluated is
whether workers were migrants. If this were the case, neither US or local rates would be appropriate and
might provide spuriously increased SMRs.

CONCLUSION
1, NTP needs to carefully define what is meant by "Talc Asbestiform”.
2. The reason for the overall excess lung cancer in cohorts of GTC workers is stili not known.

However, it is clear that a statistically significant excess of lung cancer is present in underground
miners but not in millers. The lung cancer risk does not increase with increasing tenure or
cumulative exposure to respirable GTC talc dust.
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The evidence does not establish a link between GTC talc exposure and mesothelioma.

Collectively the currently available epidemiological studies of GTC workers do not support a causal
relationship between GTC talc and respiratory cancer.

The currently available epidemiological studies of GTC workers do not support the premise that &
causal relationship between GTC and respiratory cancer is credible,

In the absence of firm human data establishing a link between GTC talc exposure and respiratory
cancer, biologic plausibility depends on an evaluation of the experimental data relating to GTC talc
and its constituents. This has not been evaluated in this report.
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Submission to the NTP regarding the 10> ROC Nominations: solicitations of Public
Commenl- “Talc Containing Asbestiform Fibers”

Brian Boehlecke MD, MSPH

These comments are based on my review of the results of medical surveillance examinations
performed every 2 years on workers at the Gouverneur Talc Company. [ enclose comments
relevant to this solicitation which were previcusly submitted to the OSHA Docket H-033-d in
1990 as well as an update including the results of the examinations conducted in 2000.

1 have continued to serve as an advisor to the Corporate Manager of Occupational Safety and
Health of the R.T. Vanderbilt Company since the submission of comments to OSHA in 1990. 1
have thereby personally reviewed the chest radiographs of the workers at Gouverneur Talc
company taken during each subsequent round of medical surveillance examinations.

In 2000, 1 reviewed the chest radiographs of 115 workers with exposure to the talc mined and
milled at Gouverneur Talc Company. Findings were as follows.

Ten workers had findings which could be related to occupational exposure to talc. Six had
definite pleural plaques and 2 had possible pleural plaques, all of which had been present on
previous examinations and did not show progression. The length of time from first exposure to
talc at Gouverneur Talc Company ranged from 21 to 35 years.

One man had possibie irregular opacities (ILO Classification of profusion of 1/0) which had
shown no change since 1994. He has had 31 years of exposure.

No evidence of lesions consistent with a malignancy was observed by myself or by the
radiologist who performed the clinical readings of these films.

One man had a radiograph finding consistent with new pleurai plaques. He had 26 years of
exposure. Further medical evaluation of these findings by the worker’s private physician has
been performed. I have not seen the results of this evaluation but have been informed that
nothing of clinical significance was found.

My interpretation of these findings is that the workers exposed to talc mined and milled at the
Gouverneur Talec Company do have a risk for development of benign focal pleural thickening
(pleural plagues) as has been demonstrated to exist for exposure to talc which has no associated
“asbestiform fibers”. The risk of development of plaques has been demonstrated to be related to
the latency since first exposure and the men in this workforce with plaques have all had over 20
years since firzt ciposure.

Only one man had any evidence of increased interstitial markings which could be consistent with
a pneumcconiosis. These markings have not increased in profusion in the past 6 years despite
continued exposure.




The medical surveillance results from workers at Gouverneur Talc Company available to me at
this time continue to support the conclusion submitted to the OSHA docket in the 1990, i.¢. the
data do not indicate that the workers exposed to the talc at this facility are at risk for developing
asbestos related pneumoconiosis. They do appear at risk for developing conditions shown to
'develop in workers exposed to talc not containing asbestos. With current occupational exposure
levels, essentially no progression of pneumoconiosis related to cumulative exposure appears to
have occurred in the men in this workforce for whom I have had serial radiographs o review.
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April 23, 1990

Submission to 0SHA Docket H~033-d
from BRIAN BOSHLECKE, M.D., M.S.P.H.

These comments are based on the results of my review of medical
examinations performed on workers at the Gouverneur Talc Company
(GTC) as part of the company's medical surveillance program and on
my interpretation of pertinent medical literature.

In 1985 I reviewed the chest radiographs of 203 current
workers at GTC who had been examined in 1984. I alsc tabulated the
interpretations of the radicgraphs taken in 1982 which had been
read previcusly by 2 other NIOSH certified "B" readers.
Abnormalities were considered to be definitely present when at
least 2 of the three readings agreed on the presence of the
cendition. For all workers whose 198271984 radicgraph(s) showed an
abnormality which might be consistent with a pneumoconiosis, I
later reviewed all radiographs in the worker's file to determine
when the abnormality was first detectable., The Company also
abstracted each worker's occupational history from his employment
application to determine whether any exposure to talc or other
minerals may have occurred prior to hire at GTC. Results of the
review of previous radiographs and work history axe given in Table
1.

Parenc al gpacitijes

There were 3 workers whose 1982/1984 radiograph(s) showed
parenchymal changes consistent with pneumoconiosis (irregular
linear opacities).

All 3 men with parenchymal opacities had had 10 or more years
of occupational exposure to N.Y. State talc at other facilities
before working at GTC. 1In all cases radiographic abnormalities
were first detectable within 3 years of starting at GTC. For
worker #4110 the parenchymal opacities ware definitely present on a
film taken 3 years after hire (category 1/0) and were probably
present on his initial radicgraph at GTC which I interpreted as
category 0/1. For workers #131 and #2002 the opacities were
present on the first film taken after hire at GTC.

One additional worker had a question of paranchymal opacities
on his 1984 film but the 1982 film was read as negative by both
readers. Review of his 1978 film upon hire at GTC showed the same
questionable appearance of opacities which had not changed on
subsequent films. He is not shown on Table 1.



lLocalized Pleural Thickepning (Plaqueg)

The consensus radiographic review identiflied seven other cases
with only localized pleural thickening (plagques). Unlike cases
with parenchymal changes, only one of these 7 men had reported
previous occupational exposure to N.Y. State talc. The pleural
changes were present on his film at the time of hiring at GTC. The
onset of recognizable pleural thickening ranged from 7 to 23 years
after hire in the men without previocus exposure to talc.

Oone additional case of possible pleural thickening was
reviewed although there was no consensus on the 198271984 films.
By viewing previous films I concluded he probably did have a
pleural plaque on his hemidiaphragm which was first detectable 20
years after hiring at GTC. He had 13 years of occupational
exposure to N.Y. State Talc prior to working at GTC but is not
shown on Table I since there was not a consensus about the
findings.

Follow=-up

I have continued to review the radicgraphs of the workers at
GTC on subsequent rounds of medical surveillance examinations done
each 2 years. None of the men with abnormalities described above
have shown significant radiographic progression since the 198%
examination.

In early April 1990 I reviewed the current radiographs of 55
men who have worked 15 or more years at GTC in jobs with potential
exposure to talc and who had no other reported occupational
exposure to talc. Four of these men (7.3%) had definite pleural
plaques and 2 (3.6%) had probable pleural plagques. None had
definite parenchymal opacities consistent with a pneumoconiosis.
The years of exposure were 16, 25, 31, and 40 for the men with
definite plagques and 20 and 24 for those with probable plaques.

Interpretation

My interpretation of these observations is as follows:

1. The parenchymal opacities detected to date appear to be
associated with exposures prior to working at GTC. They were
detectable within 3 years or less of beginning work at GTC
which would be a very short latency unless exposures were very
high. This seems unlikely since employees without prior
exposure have not demonstrated similar-onset, :All-three men
had had 10 or more years of previous. exposure which would be
sufficient time for the onset of a pneumoconiosis which would
become clinically manifest thereafter.

2. There is no evidence from these data that additional cases of
parenchymal pneumcnconiosisz are developing in the GTC
workferce under currant conditions or that significant
progression of previo>isly detascted cases is occurring.




3. The medical survelillance examinations should be continued to
monitor the workforce for possible new cases or progression of
established cases.

4. Some men appear to have developed pleural plagques in
assocliation with occupational exposure at GTC without
recognized exposure to other N.Y. State talc. This is
evidenced by the review of the 1982/1984 radiographs and those
of the current workers with 15 or more years work at GTC.

Discussion

The finding of an association between plaques and occupational
exposure to this talc does not necessarily imply that the talc nust
be contaminated with asbestos. In some population surveys, only a
minority of persons with pleural plagues had recognizable exposure
to asbestos {1~3). ©Occupational exposures to other talcs which
were not associated with any asbestiform minerals have also been
asgociated with a prevalence of pleural plagques higher than that
found in a control population. Importantly, the prevalence of
plaques in the workers exposed to these nonamphibole containing
tales was similar to that found at GTC. (4). )

Moreover, the finding of pleural plaques does not by itself
imply that the work environment carries the same risk for other
adverse health effects associated with exposure to asbestos.
Pleural plagques are not premalignant lesions and are generally not
considered to be markers of an increased risk for malignancy beyond
that which would have been associated with a given exposure in the
absence cf the development of plaques (5-7). Workers with
occupational exposure to asbestos and radiographically detected
pleural plaques have not been shown to have an increased risk of
developing bronchogenic carcinoma relative to that of workers with
similar exposure to asbestos but no plagues (8). Also, plagues are
not uniformly associated with pulmonary parenchymal fibrosis (5).
Even on careful pathologic examination, only a minority of persons
with pleural plagues showed interstitial fibrosis; the proportion
with fibrosis was not different from that in matched controls
without plaques (9). Therefore, the presence of plaques alone does
not necessarily imply the presence of the risks which are
associated with exposure to asbestos.

Nevertheless, the risk of development of a parenchymal
pneumoconiosis ("talcosis"™) has long been recognized to be
associated with over exposure to airborne tale. I believe that the
Gouverneur Talc Company recognizes this risk and has informed its
employees and customers of it.

Previous s*udies of N.Y. State talc miners showed that excess
non-malignant respiratory disease occurred in association with the
very high dust levels present before modern dust con*trel methods
were implemented. The wvresence of parenchymal opacities on chest




radlographs taken shortly after hire at GTC in men with prior
exposure to talc 1s consistent with this observation. However, the
radiegraphic reviews described here suggest that the risk is much
-less for workers exposed to current conditions at GTC,.

Copclusion

Current employees at Gouverneur Talc Company do not appear to
have the same risk for pneumoconicsis as was present for men with
exposure to the much dustier work environments of the past.
Adequate medical surveillance and dust control are still vital to
the health of the workforce and are continuing, Characterization
of the radiographic findings in GTC workers as indicative of
"asbestos related diseases™ (OSHA proposed rule page 4947,
paragraph 8} with the implication of the pregence of excessive risk
of adverse health effects under current conditions is not supported
by the data presented here,
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Table 1

Workers with abnormalities consistent with penumoconiosis in 1982,/1984

Worker # Radiographic Years* of talc Years from hire at GTC
Abnormality exposure prior to first evidence of the
in 1982/1984 to hire at GTC radiographic abnormality

1. 110 parenchymal,pleural 10-12 0-3

2. 131 parenchymal,pleural 12-14 1

3. 2002 parenchymal,pleural 10-12 2

+10 chemical co «

4, 392 pleural only none 7

5, 263 pleural only none . 20

6. 56  pleural only none 12

7. 231 pleural only none 12

8. 85 pleural only none 20

9. 111 pleurxal only none 23

10, 1655 pleural conly 13-15 0

*The range of years is given because the axact portion of the years
worked for the first and last years of previous employment was not
available.
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i Abstract—Two-hundred and ninety-nine (299) miners and millers exposed to talc from Montana,
. Texas and North Carolina were examined in a cross-sectional study of respiratory systems, lung
function and chest X-rays. Work histories were taken from personnel records. Personal respicable

dust samples were collected for all jobs. Cumulative exposure was calculated by summing the
products of the estimated exposure for each job and the length of time worked in that job. The average
time 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~* in Montana, Texas, and North Carolina respectively. Free silica content

of bulk samples was low (below the limit 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 electron
microscope, tremolite and antigorite fibres (0.5-3 um length) were observed on the Texas talc,

acicular particles (aspect ratios 5-100 to 1 and some diameters less than 0.1 ym) in North Carclina

tale, and no fibres in the Montana talc. The differences in age-corrected symptom prevalences (cough,

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 years 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

pacnmwmgmw yeor Older wal 7,46, and *

nd 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 1o

' increase with exposure. Workers with bilateral pleural thickening had lung function 10-209 below
H workers with no pleural thickening. They had also worked twice as long (13 yr) and an average of

) 13 yr between beginning exposure to talc and the time of the X-ray. The prevalence of bilateral pleural
thickening was elevated in workers 40 yr or older compared with blue collar workers and potash miners.

re There also were no demonstrated differences in prevalence when the subjects in this study were
compared with workers exposed to New York talc which contains tremolite and anthophyllite. For

the entire study population no association of reduced lung function with exposure was demonstrated,

After adjustments for age, height, and smoking, FEV, and FVC were not detectably different
compared with potash miners and blue collar workers; howcvcr, fiow rates at low lung volumes were’

reduced 4-19%;. There was little difference among these three populations in age coefficients for

FEV,, FVC, and flow rates by smoking category. Predicted pulmonary function of the study

population was elevated compared with New York talc workers.

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

TaLC is a mineral with a wide variety of uses in paint, paper, ceramics, cosmetics,
roofing products, textile material, rubber, lubricants, corrosion proofing compositions,
fire 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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asbestos. Such contaminated talc can produce a clinical condition resembling that seen
on exposure to asbestos. The hazard from exposure to ‘pure’ talc free of asbestos
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. :

Tulc 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 metat 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 each
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 quartz 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

* Mention of brand names does not constitute endorsement 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 Chio 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 into <5, 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 years employed and was divided into low (<2 mgm™?x years), medium
(2-6 mg m™ 3 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, mili, 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 (FLEiss, 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 -

* Mention of brand names does not consuiute endorsement by the USPHS.
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Tase 1. DEMOGRAPHIC CHARACTERISTICS OF THE TALC WORKER POPULATIONS BY REGION

Montana Texas North Carolina .
n 177 n 51
Age (SD) 349 (11.5) 380 (13.7) 43.1 (12.6)
Height (cm) (SD) 1755 (8.8) 1730 (69) 1725 (8.3)
Years worked (SD) 66 (6.3) 55 (57 10.1  (8.6)
Cumulative exposure (SD) 59 (16) 1.3 (45.1) 30 48)
{(mg m~*) x years] '
Average exposure (SD) 1.21 (0.94) 264 (7.12) 028 (033)
(mgm~?)
Geometric mean of (GSD) 086 (0.77) 1.08 (0.72) 021 (0.86)
current respirable .
dust samples (mg m~?)
Mine (95% CI) 0.66 (0.85-1.41) 0.45 (0.18-0.75) 0.14 {0.07-0.31)
Mill (95% CI) 1.1 (047-092) 1.56 (0.96-2.54) 0.26 (0.13-0.51)
Non-smokers (%) 33 20 21
Ex-smokers (%) 21 27 17
pack years (SD) 15.7 (17.9) 133 (207 18.2 (16.5)
cigarettes/day (SD) 230 (150) 120 (14.0) 214 (i5.7)
Smokers (%) 45 54 62
pack years (SD) 179 (169) 143 (19.7) 237 (21.8)
cigarettes/day (SD) 204 (11.0) 145 (11.1) 204 (10.0)

most significantly [rom 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 ™ 3). The Texas talc had slightty higher levels of
respirable silica (0.09 mg m~3) (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 talc,
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 frém 0.5 to 3.0 ym 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 209 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 to 24 and cigarettes smoked/day from 12 to 23 in
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 =2 yr more cumulative exposure than the workers

TasLE 2.
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LATIONS BY REGION
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TasLe 2. METAL AND MINERAL COMPOSITION OF BULK SAMPLES 8Y
REGION

Montana Texas North Carolina
mgm™?3
Iron 0.05 0.5 0.05
LOD* 0.01 0.1 0.02
Manganese <0.01 <0.08 <002
LOD 0.01 0.08 0.02
Calcium 0.05 8.0 0.05
LOD 0.03 0.2 0.02
Aluminium 0.2 04 0.2
LOD 0.1 0.2 0.04
Zinc <001 003 <0.02
LOD 0.01 0.08 0.02
Nickel <0.01 <0.08 <002
LOD 0.01 0.08 0.02
Percent
Calcite <l 1 0
(range) (0-0.8) 0-3) 0
Dolomite 1 13 3
(range) {0-3) (7-20) {1-4)

" * LOD=Limit of Detection,

in North Carolina. Mean values for these parameters in Texas were not demonstrably
differerit from those for Montana and North Carolina. Average exposure (cumulative
exposure divided by years 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 sputurms collected from workers 35 yr
of age or older were read as follows: 209 unsatisfactory, 609 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 5).
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TasLE 3. PREVALENCE (%) OF COUGH® AMONG ALL TALC WORKERS BY AGE, SMOKING
AND EXPOSURE (ALL REGIONS COMBINED)

Age
<40 >40 Total
% (95%, CI % (95% CI) % (95% Ch
Non-smoker 7 (2-16) 15 (5-32) 10 (5-20)
Ex-smoker : 7 (1-21) 19 (9-14) 13 (6-24)
Smoker 26 (18-135) 30 (1845) 27 (20-35)
Total 21 (15-29) 23 (15-32) 19
Years worked
<5 19 (14-25)
59 19 (10-31)
>10 21 (10-36)
Cumulative exposure
Low 14 (8-23)
Medium 25 (17-35)
High 16 (9-26)

Summarcy: (i) No demonstration difference among regions by age, smoking or
exposure. (ii) Tendency to increase with age except among smokers. (iti) Higher
prevalence in smokers. (iv) No demonstrated association with exposure.

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

TaBLE 4. PREVALENCE (%) OF PHLEGM* AMONG ALL TALC WORKERS BY AGE,
SMOKING AND EXPOSURE

Age
<40 >40 Total
% 195°, Cl) % 95% CI) % (95% CI)
Non-smoker 12 (5-24) 7 (1-22) 11 (5-20)t
Ex-smoker 13 (5-29) 27 (14-43) 21 (12-33)
, Smoker 33 (24-43) 26 (15-40) 31 (24-39)t
: Total 23 (16 30) 22 (15-31) 23
Years worked
<5 19 (14-25)
5-9 16 {8-26)
210 25 (14-39)
Cumulative exposure
Low 13 (7-21)
Medium 24 (16-34)
High 19 (11-30)

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

* Phlegm = Answering yes to the question "Do you usually bring up phlegm from

“ your chest for as much as 3 months cach vear™

195% CI do not overlap.
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TapLE 5. PREVALENCE OF DYSPNEA® AMONG ALL TALC WORKERS BY AGE, SMOKING
' AND EXPOSLURE

Age
<40 =40 Total
% (95% CD % (95% CI) % (35% CI)
Non-smoker 4 (1-13) 11 (3-27) 6 {2-14)
Ex-smoker 3 (0-16) 16 (1-18) 10 (4-20)
Smoker 1 (0-5) 6 (0-13) 3(-7)
Total 2 (0-5)t 10 (5-18)t 5
Years worked
<5 6 (3-10)
59 0 (0-5)
>10 8 (2-20)
Cumulative exposure
Low 5 (2-11)
Medium 3(1-8)
High 7 (2-14)

Summary: (i) No demonstration differences among regions by age, smoking or
exposure. {ii) Increased prevalence with increased age. (ili) No demonstrated
association with smoking or exposure.

* Dyspnea =Answering yes to the question: ‘Do you get short of breath walking
with people your own age on level ground?”

t95% CI do not overlap.

TABLE 6. PREVALENCE OF BILATERAL PLEURAL THICKENING AMONG ALL TALC
WORKERS BY AGE, SMOKING AND EXPOSURE

Age
<40 240 Total
%% (95°, CI) % 95% CI) % 95% CI)
Non-smoker 0 (0-7) 0 (0-11) 0 (0-6)
Ex-smoker 6 (0-24) 3 (0-1%) 4 (0-14)
Smoker 2(0-7)* 22 (11-36)* 9 (5-15)
Total 2 (0-8) 11 (5-18) )
Years worked
<5 2 (0-5)1
5-9 3 (0-10)*
=210 23 (12-38)*¢
Cumulative exposure
Low 4 (i-10)t
Medium 5 (1-12)
High 8 (3-17)t

Summary: (1) No demonstrated differences among regions by age, smoking or
exposure, except medium cumulative exposure group in North Carolina had higher
prevalence than in Montana. i) Tendency to increase with age (significant among
smokers). (iit) No bilateral pleural thickening among non-smokers. (iv) Increasing
prevalence with increasing vears worked. (v) No demonstrated association with
curmnulative exposure.

*1 95%Confidence intervals do not overlap.

t 1 with extent 2 pleural thickening.
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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 309 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 thickening were about 10 yr older than those without. Workers with-bilateral
pleural thickening on average weighed more (11-15 kg), had worked longer (6 yr) 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

TabBLE 7. COMPARISON OF WORKERS WITH AND WITHOUT PLEURAL THICKENING (REGIONS

COMBINED)
No PT Unilateral Bilateral
n 255 9 15
Frequency (959% CI)
Cough (% 18 (14-23) 22 (4-56) 33 (14-63)
Phlegm (%) 18 (14-23) 22 {4-56) 33 (14-63)
Dyspnea (= Grade 2) 5 (3-8) I (0-34) 7 (0-30}
Obliteration of
costophrenic angle
Unilateral 2 (0-5) 11 (0-44) 13 (2-30
Bilateral <l (0-1) 0 (0-29) 0 (0-19}
*Means (SE)
Age 364 (0.8} 46.7 (3.4) 4.7 (2.2}
. Height (cm) 1740 (0.5 170.1 {2.1) 1753 (2.0
Weight (kg) 766 10.8) 805 (49) 919 (43)
Years worked 6.7 (04) 69 (2.2} 134 (23)
Cumulative exposure 5.1 (04) o4 (0.7} M.l 2M46)
[(mg m ™) x years)]
Average exposure 1.1 (0N 09 03) 3.2 (29
(mg m™*j
‘Latency’ years — 150 (14) 131 (23
tFEV,/FVC x 100 77.10 (0. 8020 (2.7) 7250 (2.2)
tFEV, (L) 3.56 {0.05) 14710.19) 308 {0.16)
tFVC (L) 4.61 (0.06) 4290.22) 4.19 (0.18)
tPeak flow (Ls™") 8.37 (0.15) T 62 (0.56) 702 (045)
FEF;, 4.10 (0.13) 419 10.49) 3.30 (0.40)
FEF,s 1.40 (0.06) 143 (0.21) 1.24 (0.18)

* Lyng function least square means adjusted for differences in sex, age, height, weight
and smoking status. )
t Pleural thickening is a significant variable in the linear regression model.
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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 er 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 et 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 fumies 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 POPULATIONS

Blue collar}
New York tale Male Female Potash
n 1 843 597 875
Age (SD) 39012 38 (14) 40(13) 41 (13)
Height (cm) (SD) 176 16) 173 (M 162 (6) 176 (6)
Years worked {(SD) i 9 12 (12) 11 (10) 16 (13)
Non-smokers (%) 2 25 49 20
Ex-smokers (%) 3 23 10 28
Mean pack years (SD) 26 128) 21 (23) 9 (10) 23 (20)
Mean cigarettes/day (SD) 239 23 (15) 16 (12) 25 (14)
Smokers (%) 4X 54 42 52
Mean pack years (SD) 261l T) 23419) 17 (13) 28 (23)
Mean cigarettes/day (SD)! 2 b 230h 19 (9) 25(12)
Current dust levels (mgm™?*) *0 7 1 Mene)
087 (Mill) NA NA $3.45
Fibres >5 pm cc™! *S.40 1 Mine)
“3180 (Milly NA NA NA

NA = Not Available.

* * Personal samples of respirable dust and light microscope fibre counts from DEMENT er al. (1980).
t Personal samples of total dust from Atreuto (1979) and SuTTON et al. (1979).
+ Unpublished data from Martin Petersen




@

850

J. GaMBLE, A. GRreIFE and J. HANCOCK

TasLE 9. COMPARATIVE RATES OF COUGH, PHL.EGM, DYSPNEA AND BILATERAL PLEURAL THICKENING AMONG
ALL TALC WORKERS COMPARED WITH NEw YORK TALC WORKERS, BLUE COLLAR WORKERS AND POTASH
MINERS {INDIRECTLY ADJUSTED FOR AGE AND SMOKING)

Comparison group
Study population
(combined)

Blue collar

New York tale workers

Potash miners

% (95% CI) % (95% CI) % {95% CI) % 95% CI)

Cough 203 36.1 24.1 16.7
(16-25}) {28-45) (20-27) (14-20)

Phlegm 203 355 295 17.3
(16-25) (27-45) (27-34) (14-21)

Dyspnea 58 123 8.4 1.5
{4-10) (7-19) (6-11) (6-10)

Bilateral pleural 6.3 1.9 02 04

thickening (3-9) {(4-15) (0-0.5) {0-1)

Summary: (i) Cough: Study population less than New York talc, no different from potash and blue
collar. (ii) Phlegm: Study population less than New York taic and potash, no different from blue collar
workers. (iii) Dyspnea: No difference among study and comparison populations. (iv) Bilateral Pleural
Thickening: Study population and New York talc workers greater than potash and blue collar workers.

(Difference indicated by non-overlap of confidence intervals)

prevalence of cough compared with other populations. There was no apparent
difference in the prevalence of phiegm 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 FYC. Compared with New York talc workers, all
pulmonary function parameters were elevated except percent predicted peak flow.

g o
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RAL THICKENING AMONG TABLE 10. SUMMARY OF MULTIPLE REGRESSION MODEL® FOR LUNG FUNCTHIN AND SELECTED MEANS
WORKERS AND POTASH ADJUSTED FOR SEX, AGE. HEIGHT, SMOKING STATLS, REGION AND EXPOSURE
t
[ung function parameter
FEV, FVC Pezk tlow FEF,, FEF.,
Blue collar
iners workers ! Department NS NS NS NS N§
ch %, (95% C1) ' Years exposure NS NS NS NS NS
' . Cumulative exposure NS§ NS NS NS NS
16.7 Regton NS + NS NS NS
7 (14-20) Montana 3.58 (0.06) 4.65 10.06) 8.51 (0.16) 407 (0.13) 1.41 (0.06)
Texas 3.51 (0.10) 439 (0.11) 846 (0.27) 463 (0.23) 1.48 (0.10)
17.3 North Carolina 3.71 {0.10) 462 (0.11) 7.87 {0.28) 448 (0.24) 1.55 (0.11)
4) {14-21) Smoking status t NS b t t
Non-smokers 3.71 (0.08) 462 (0.09) 8.31(0.23) 4.55 (0.19) 1.63 (0.09)
| 15 Ex-smokers 3.58 {0.09) 4,51 (0.10) 8.60 (0.25) 4,52 {0.21) 1.44 (6.10)
1) (6-10) Smokers 3.51 (0.07) 4.53 10.08) 7.93 (0.20) 4.12 (0.17) 1.37 (0.08)
! 04 * Regression model: Lung function=x+f, (race)+ B, (sex)+f, (age)+ B, (height)+ fs (smoking
1.5) - status) + B, (region)+ #, (department)+ B, {years exposure)+ S, (cumutative exposure).
NS =P>005
ent from potash and blue t P<0.05>001.
different from blue collar t P<0OL
ions. (iv) Bilateral Pleural Summary: (i) Age and height were always significant: sex was significant for FEV,, FVC and Peak Flow.
h and blue coilar workers. {ii} No exposure variable was significant. Region was significant for FVC {Texas was reduced). {iii)
Cumulative exposure was significant for FVC (P =0.02)in model lung function = x + f§, (sex)+ B, (age) + B,
(height)+ B, (weight)+ fi; (smoking status)+ J, (cumulative exposure) fi, = —4(4).
Comparison of age coefficients by smoking categories showed little difference among
ern 45 no apparent the four populations. The New York and blue collar populations showed a greater
lation and blue collar effect of age than did the study and potash populations (Table 12).

s than the potash and

es in the prevalence of

prevalence of bilateral DISCUSSION

w York) populations 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 oider ex-

models of pulmonary hemp workers (BouHuys et al., 1969) and progressive massive fibrosis among ex-
moking status. Region, workers in two silica flour mills (Baxks er al.. 1981). In both of these studies there was
ed for association with !  sigrificant disease among the currently employed workers. The consequences of not
.ers. Race, department, ' examining ex-workers in this study are unknown.
any of the lung function The reasons for using several comparison populations are that no comparison
was reduced in Texas *  populationisideal, and several may help in interpretation of the data. Factors that may
noking was generally as affect the morbidity of a study population un addition to work exposure) but are not
 measured include region, socio-economic status and type of employment (for example,
ary function of the study mining). These may affect morbidity by selection of particular kinds of individuals, but

itis unlikely that all the comparison populauions will have biases in the same direction
relative to the study population (although the biases in the study group still cannot be

le and female) and New
of the talc workers were

ters, but there were no estimated).
sw York talc workers, all The length of the study group's working history is a relatively short time for the
ent predicted peak flow. development of occupationally related symptoms, radiographic changes and impaired
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TasLE L1, MEAN PERCENT PREDICTED PULMONARY FUNCTION OF ALL TALC WORKERS
COMPARED WITH POTASH MINERS AND BLUE COLLAR WORKERS AND ADJUSTED FOR AGE.
HEIGHT AND SMOKING®

Percent predicted New York talc Potash miners Blue collar workers

puimonary function (males only) {males only) (males and females)
(SE} n=119 n=251 n=292
EV [06.3 (1.3)¢ 98.9 (1.0) 99.7 (1.0)
Foc 1057 (LD 99.6 (0.8) 1010 {0.8) -
Peak Flow 95.2 (L1) 93.2 (1.0)t 979 (1.0}
FEF,, 161.1 (39.8) 95.6 (2.1)t 94.1 (2.0)t
FEF,, 1305 4.7)¢ 88.2 (3.1t 84.5 (24)t

* Percent predicted pulmonary function = Z{observed/expected) x 100.

t =2 SE less than 100.

t = > 2 SE greater than 100. ) )

Summary: (i) FEV, and FVC were not dcmonst;ably different from comparison potash
and blue collar populations, but elevated compared with New York talc values. i) FEF,and
FEF,5 reduced compared with potash and blue coliar populations, but elevated compared
with New York populations.

TasLE 12. AGE COEFFICIENTS OF MALE STUDY AND COMPARISON POPULATIONS (WITH SE)

Study population New York talc Potash Blue collar

FEV, (m!

Nc;n(-rsnm)okers -24 (5) -52 (9 -28 (3) -30(3)

Ex-smokers -35 (5) -~36 (11) -32(3) -36(3)

Smokers -41 (5} —-54 (6) -40(2) -39 (2)
FVC (ml)

Non-smokers -6 (5 ~-55(12) -23(3) —24 (3)

Ex-smokers ~32 (6) -42 (13) —26 (4 25 (3)

Smokers 27 (6) -50 (8) -32(3) -25(2)
FEF,, (mls™')

Non-smokers —s1 (1) —6629)  —36() ~43 (6)

Ex-smokers —49 (15) — 21 (24) ~44 (8) - 58 (8)

Smokers =73 (11) -80 (14) —-63 (5) =71 (5)
FEF,5 (mis~!)

N;:l-{smokers ~43 (7 —40 (11) -32(4) —38 (4)

Ex-smokers ~2{10) -22 (7} -28(3) —40 (3)

Smokers —44 (5) —-38 (5) ~41(2) -50(2)
n .

Non-smokers 67 25 178 207

Ex-smokers 56 36 244 193

Smokers 128 58 451 442

lung function that might be caused by exposure to a mineral dust. S_igniﬁcant changes
in FEV, and FVC due to exposure to respiratory irritants {such as cigarette smpke, for
example) may not become noticeable until after 20-30 yr of smoking. Essentxall){ thf:
same time interval may be required for the development of preumoconiosis
(CuerNiack and McCarTHY, 1979). The mean ages of the study populations were
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around 40, and mean exposure o talc dust was less than 10 yr. Therefore, if talc dust
was to adversely affect FEV, and FVC, the lung function results might not reflect that
effect because of the short exposure times.

Est}mating Past exposure was a problem in this as in other studies where there was
no environmental surveijllance. 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 symptems and pleural thickening the two
comparisons supported each other. That is, 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 to be less subject to bias than predicted values (Hancock and ATTFIELD, 1980).
The two methods were consistent in showing a tendency for the study population to
have an elevated pulmonary 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,s) were slightly reduced
compared with two of the control populations, FEF 5, 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 (HyatT et al., 1979; MEAD,
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 (BECKLaKt and PERMUTT, 1979; MACKLEM, 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 anthophyllite) from either occupational or com-
munity exposure is believed to 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 ashestos
(tremolite and anthophyllite) seen under the light and ¢lectron 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 (RUBINO et
al., 1977; DeLauDE, 1977; MESSiTE et al., 1959; FINE et al, 1976; WEGMAN et al.,
unpublished) and excessive mortality due to non-malignant respiratory disease
(SELEVAN et 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 (BounDY et 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 to asbestos was estimated at about 30 yr, which was consistent with
other studies. Pleural plaques were rare before age 40 (HILLERDAHL, 1978). However,
Ocus and SmitH (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 (time
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 40 had bilateral pleural plaques (HILLERDAHL, 1978). Almost

809 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 (¢ 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 (WEss and THeopos, 1978;
FLETCHER, 1971). Two other studies of shipyard and dockyard workers reported
prevalences of pleural thickening of around 5% (FLETCHER, 1972; reported in Wetss
and THEODOS, 1978). It 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 to other dusts have also been associated with pleurai abnormalities.
SmitH (1952) reported finding a pleural calcification 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.
McCrone (1975} analysed two samples from North Carolina 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 (Van Horw, 1948). Grexa and PARMENTIER (1979) report 0-5%, anthophyllite in
‘North Carolina’ talc and no asbestos in Montana talc. Seven samples from Montana
revealed no asbestos {McCRONE, 1975) and antigorite was observed in some of the
Texas samples (McCrong, 1975). While analysis of the talc from these three regions
revealed little or no asbestos, the presence of asbestos as an impurity often occurs. It is
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 (SARGENT 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 pieural plaques ¢ven in the presence of asbestos, as no
mesotheliomas associated with anthophyllite asbestos exposure have been observed in
Finland (MEURMAN et al,, 1974). The suggestion that talc is carconogenic (BLEJer and
ARLON, 1973) may be due to 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 et al., 1974; RueiNo et al., 1976; WAGNER et al., 1977;
RCBTA and MRCPU, 1979; SELEvAN ¢t 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 evaluation.

CONCLUSIONS

In this cross-sectional study of 299 talc workers from Montana, Texas and North
Carolina, there was no demonstrated association of symptoms (cough, phlegm,
dyspnea)or reduced lung function with exposure. The prevalence of symptoms was not
glevated 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 to 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 fack of a consistent association of pleural thickening with asbestos
exposure, and the lack of parenchymal changes in the talc exposed workers suggest talc
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 long-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-talc
populations. A prospective study is necessary to answer the questions concerning
prognostic significance.
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DISCUSSION*®

1. C. McDonaLp: In addition to the pleural thickening you observed, was there any evidence of pleural
calcification?

J. A. MERCHANT: May | answer that? I reviewed all the films with pleural thickening and there were no cases
at all of pleural calcification. Most of the pleural thickening was grade 1, but there was one case where the

thickening was considered grade 2. Two of the cases of pleural thickening were extent 2; the remainder extent
1

J. WiLeems: Do you have full information on the size-distribution of your talc dust particles?

Dr DeMENT: We do have some information that is not presented in this report. Of course, the respirable dust
sampling attempted to simulate those particles which have the possibility of deep lung penetration. In
general, the Montana talc had by far the largest particle size with much larger plates, In North Carolina there
is a combination of the platy and acicular particles which were identified by electron diffraction and micro-
chemical analysis as being talc with a rather unusual morphology.

S. F. McCuLLagH: In this study (and several others) use is made of the standard respiratory questionnaire.
Among other questions, workmen are asked if they get more short of breath walking on the level than other
men of their own age. I have asked this question of thousands of workmen in Australia and at least half
answer, 'Gee, Doc, | wouldn't know". In the present study were the men forced to a decision, do you have a
‘don’t know™ category or are American workers a great deal more intelligent than Australians?

Dr DeMenT: We try to administer the same questions 10 both our exposed and non-exposed populations and
hope the level of intelligence is similar and better. The questionnaires are difficult to answer off-the-cuff, but
we employ traingd interviewers who are familiar with answering the questions and try to seek the answerin a
polite manner: Very seldom does a worker answer, ‘I don’t know’. A very high percentage answer ‘Yes' or ‘No'
and, if the answer is equivocal, the question is repeated with the admeonition to answer ‘Yes' or ‘No'.

M. Jacoesen: May I comment on Dr McCullagh's question Whilst it is true that there are often ambiguous
answers and strict protocols have to be used in order to maintain properly recorded answers useful for
epidemiological studies, there is evidence from our studies that. if this 1s done rigorously and conscientiously,
then the data obtained may be used sensibly for epidermiclogical purposes. Coal minets who have been asked
these questions are no more or less intelligent than Dr MoCullagh's patients, Their responses indicate very
clearly that their mortality risk, particularly to the respirators diseases, can be related to those responses to
the questions particularly those relating to breathlessness and to cough and phlegm.

M. L. Newnouse: [ am surprised at the high prevalence of pleural thickening that you report. In a survey of
30-40 pharmaceutical workers exposed to a carefully specified. non-fibrous talc, we observed no more than
one or two pleural thickenings.

—————————re———

* The paper was presented, and questions taken. by Dr J M Desesr,
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[ DEMENT: There are several possible reasons for the difference. I think the possibility of contamination
cannot be ruled out until we look at the talc composition in these [acilities over a number of years. The
possihility that pockets of fibre contamination exist in these operations also cannot be excluded.

F.D. K. LiopeLL: Tables 3-5 present the prevalence of cough, of phlegm and of dyspnea by years worked and
by cumulative exposure, but {or all three States combined. On the other hand. Table 1 reveals important
associations between age, duration of employment and dust concentration in the three States. To what extent
are the ‘negative’ findings of Tables 3-5 a masking of positive associations, within at least one State. by
the interactions shown in Table 1?

Dr DeMexT: All the regions analysed were looked at separately. Admittedly the numbers were small within
each region, but the only really significant finding in each of the regions was the pleural thickening.

J.C. Guson: 1 would like to make two 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 it is
important to make use of this information in order to deal with the kind of question that Dr Newhouse has
raised.

My second point relates to the respiratory questionnaire. This questionnaire, as many of you know, was
originally started here in S Wales by my colleague Dr Fletcher and, of course, it was applied to coal miners.
Now coal miners do, by virtue of their job, have to walk together often underground under very adverse
conditions. Also, in this particular area, the coal mines are in relatively steep valleys so miners were
constantly walking with their colleagues. I have always thought the questions were particularly applicable in
these circumstances and that they might weli be inapplicable where people were walking on the level. If we
had originally had coal mines in Norfolk this particular questionnaire would never have been developed.

J. C. McDonaLD: In our studies of Quebec asbestos workers, we found a very much higher prevalence of
pleural thickening in 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 calcification.




