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SUMMARY

Rats were exposed to amosite asbestos and ferroactinolite fibers by intrapleural inoculation and
intratracheal instillation. The ferroactinolite sample was found to be more carcinogenic in both
exposures than the amosite sample on the basis of total fiber dose or fiber dose expressed for any size
category of hypothetical greatest carcinogenic potency. Quantitative transmission electron microscope
analysis of low-temperature ashed whole lung samples collected at different times following intratracheal
instillation of fibers demonstrated that concentrations and sizes of fibers retained in rat lungs were
greatly influenced by the relative ability of each mineral to undergo longitudinal splitting as a
consequence of dissolution in vivo. Ferroactinolite fibers rapidly split to produce many thin fibers so that
the number of ferroactinolite fibers retained in the lung 2 years after intratracheal instillation was four
times greater than the number of fibers originally instilled. The number of short, thin ferroactinolite
fibers retained (10-fold more than amosite) after in vivo splitting best explains the greater lung
carcinogenicity of ferroactinolite compared to amosite.

INTRODUCTION

A dose—response relationship for asbestos-induced malignant neoplasms in
animals [1, 2] and man {3, 4] is generally recognized. Although animal exposures to
different asbestos minerals have invariably been interpreted in terms of mass dose,
currently popular theories for asbestos carcinogenicity are based on individuat fiber
characteristics such as size and shape. Pott [5] has suggested a hypothetical model
for variable carcinogenic potency in relation to different fiber size categories and
emphasized the importance of dose evaluation by measurement of fiber numbers in
each size category. The term ‘fiber’ in this paper refers to mineral particles having
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parallel sides and a length to width (aspect) ratio =3. Transmission electron
microscope analysis of exposure samples containing fibers, as received by the test
animals, is required to obtain fiber dose information. Sample preparation
procedures must insure that the fibers viewed on the electron microscope are repre-
sentative of the originai concentrations of fibers in each size category.

Evaluation of the carcinogenicity of fibers obtained from a sample of
ferroactinolite, an amphibole mineral, relative to fibers of amosite, an amphibole
asbestos with known human carcinogenicity, was accomplished by a detailed
comparison of fiber doses used in rat intrapleural and intratracheal exposures
[14]. The effective fiber dose which best explains differences in mineral fiber
carcinogenic potencies may be quite different than the exposure dose. Retention of
fibers in tissue over time is influenced by fiber deposition and clearance rates,
movement of fibers in tissue, durability of the fibers in tissue, and changes in
fiber morphology. Therefore, in this study the number and sizes of fibers retained in
the lungs at different times following intratracheal instillation were determined for
both ferroactinolite and amosite. We believe this represents the first successful
attempt to link fiber carcinogenicity to quantitative measurements of fiber dose
retained in the lungs during the lifetime of the test animals,

MATERIALS AND METHODS

The origin, mineral identity, and carcinogenicity of each mineral fiber test sample
for intrapleural and intratracheal exposures to rats are described by Coffin et al.
(submitted). Ferroactinolite and amosite fiber test samples were prepared for
electron microscope analysis by suspending weighed amounts of the fine particles in
filtered distilled water. Aliquots of these suspensions were filtered through 47 mm,
0.1 um pore size Nuclepore* membrane filters. Electron microscope grids were
prepared by direct transfer of carbon-coated filter pieces to Formvar-coated grids.
The membrane filter and Formvar film were dissolved with chloroform by a wicking
action leaving the fibers embedded in the thin carbon film suspended on the grid.
This method is identical to the technique commonly used for analysis of particle
concentrations in water samples {6].

Pairs of male Fischer-344 rats were killed at intervals of 1, 4, 12, and 24 months
following 12 weekly intratracheal instillations of either 0.5 mg ferroactinolite or
0.25 mg amosite. Rats were also killed 1 day following single intratracheal
instillations of either 0.5 mg ferroactinolite or 0.25 mg amosite and immediately
following single intratracheal instillations of § mg of either test sample. The entire
lower respiratory tract of each rat was removed and preserved in 10% buffered

*Mention of trade names or commercial products does not constitute endorsement or recommendation
for use by the U.S. Environmental Protection Agency.
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formalin. Electron microscope determination of the concentration and
characteristics of fibers retained in the lung was accomplished by preparation of
both lungs from each rat (trachea removed at the point where the bronchi enter each
lung) as a single, homogenized sample. Each pair of lungs was freeze-dried and then
low-temperature-ashed. The ash was suspended in filtered distilled water, aliquots
were filtered through membrane filters, and electron microscope grids prepared
with the technique previously described for the mineral fiber test samples.

Transmission electron microscopic (JEOL 100C) examination of randomly
selected areas on several grids prepared for each sample-involved the identification
of mineral particles by morphology, selected area electron diffraction and energy
dispersive X-ray spectroscopy. Particle size, shape, and mineral identification data
were used for computer calculation of fiber size and shape distributions and
concentrations. The incidence of large particles which are few in number but
represent a large fraction of the sample mass was measured by examining larger
areas of the grids for large particles only. The inclusion of this data created data sets
which were based on observation of more than 1000 particles per sample. Five rat
lung samples analyzed in duplicate produced an average coefficient of variation for
fiber concentrations of 25%.

RESULTS

Preliminary electron microscope observation of ferroactinolite fibers obtained
from rat lungs one year following intratracheal instillation indicated more fibers
retained than expected from studies of the clearance of asbestos from lungs [7].
Many of the fibers present after one year appeared to be thinner than fibers in the
exposure sample and chlorite plates common in the original exposure material were
conspicuously absent. Larger ferroactinolite fibers frequently displayed numerous
thin zones running parallel to the fiber long axis (Fig. 1). These zones are the
apparent result of fiber dissolution in vivo. Occasional etch pits on fiber surfaces
and leached zones perpendicular to the fiber's long axis were observed as described
for acid leaching of mineral fibers [8]. Amosite fibers from lung tissue contained
similar evidence of leaching but with fewer longitudinal thin zones.

Fiber concentrations (Table I) determined for lung samples from rats killed at
different time intervals after intratracheal instillation of amosite and ferroactinolite
confirmed the retention of large numbers of fibers throughout the lifetime of the
animals. The four-fold increase in the number of ferroactinolite fibers 2 years after
intratracheal instillation, 1.91. 10° vs. 0.49- 10% in the exposure, was unexpected. By
contrast, the initial amosite dose was 1.71 - 10° fibers and the retained dose declined
to 0.43 - 10° fibers 2 years later.

Mean fiber lengths, widths, and aspect ratios (Table I) describe changes in fiber
morphology in vivo which parallel the changes in numbers of fibers retained in the
lungs. Most striking is the dramatic 4-fold decrease in mean fiber width for
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Fig. 1. Typical large fiber recovered from a rat lung 1 year after intratracheal instillation of
ferroactinolite. Leaching in vivo produces Jongitudinal thin zones which act as foci for fiber splitting to
produce very thin fibers also seen in this electron micrograph.

ferroactinolite fibers. This change cannot be explained by preferential lung
clearance of thicker fibers since there is a 17-fold increase after 2 years in the
numbers of ferroactinolite fibers with widths <0.1 um. A doubling of the mean
aspect ratio for amosite fibers after 2 years is a consequence of a slight decrease in
fiber widths.

Both amosite and ferroactinolite fibers appears to undergo longitudinal splitting
produced by fiber dissolution while residing in the lung. The ferroactinolite splitting
reaction is more rapid and results in the formation of thinner and more numerous
fibers than the amosite splitting reaction. The widths of the thin fibers produced
correspond to the widths of longitudinal thin zones produced by fiber leaching on
wider fibers (Fig. 1).

Fiber concentrations present at different intervals in the rat lungs following
intratracheal instillation may be expressed in terms of different definitions for
biologically active fibers. Evidence provided by Stanton {9] for greater
carcinogenicity for fibers longer than 8 um and thinner than 0.25 pm has received
much attention {10—12]. Ferroactinolite and amosite concentrations for fibers of this
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TABLE |

CHANGE IN MINERAL FIBER CONCENTRATIONS IN RAT LUNGS WITH TIME AFTER
INTRATRACHEAL INSTILLATION

Time from end Fibers. 106/ Ferroactinolite Fibers. 105/ Amosite

?f i'ntra_tracheai mg of Mean Mean Mean m,g of Mean Mean Mean
instillations .mm.era} length width aspect ‘mm.cral length width  aspect
instifled (um) (um) ratio instilled (sm) (em) ratio

Exposure

sample prior

to instillation 81 318 0.41 9.0 570 344 0.29 11.8
0 daysa 83 3120 0.36 11.2 417 3.20 0.26 12.6
1 day® 107 2.86 0.37 10.8 585 2,60 0.24 10.9
1 month¢ 123 2.10 0.19 17.0 345 2.55 0.23 114
4 months¢ 262 2.00 0.17 22.3 393 3.02 0.22 15.7
12 months< o6 .M 0.11 30.1 202 3.62 0.21 20.%
24 months® 313 1.64 0.10 25.4 141 3.61 0.20 18.4

*Single institlation (5 mg ferroactinolite and amosite).
bSingle instillation (0.5 mg ferroactinolite, 0.25 mg amosite).
c12 weekly instillations (total ferroactinolite = 6 mg, total amosite = 3 mg).

size category are plotted in Fig. 2. Lung concentrations of amosite fibers meeting
Stanton’s criterion for carcinogenic fibers decrease over the lifetime of the rats. The
ferroactinolite sample has essentially no fibers meeting Stanton’s criterion at the
time of intratracheal instillation but fiber splitting produces 24.6 - 105 of such fibers
in rat lungs 1 year after intratracheal instillation. The corresponding amosite dose at
1 year is 18.6-10° fibers. These numbers are calculated by multiplying the
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Fig. 2. Concentrations of long, thin fibers in rat lungs following intratracheal instillation, The number of
fibers in the size range of length = 8 um and width < 0.25 zm was determined by Stanton et al. [9] to best
correlate with probability of pleural sarcoma following pleural implantation of fibers in rats.
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intratracheal mass dose (6 mg for ferroactinolite and 3 mg for amosite) times the
fiber concentrations reported in Fig. 2. At both 4 months and 2 years following the
last intratracheal instillation of fibers the number of amosite fibers meeting
Stanton’s criterion slightly exceeds the corresponding number of ferroactinolite
fibers.

DISCUSSION

The unexpected strong carcinogenicity of a ferroactinolite sample in comparison
to amosite asbestos [14] cannot be explained on the basis of the fiber concentrations
used in either the intrapleural or intratracheal exposures to rats. Expression of the
fiber doses in terms of a currently popular theoty which predicts greater
carcinogenicity for long, thin fibers results in an even greater discrepancy between
observed and predicted carcinogenicity. For example, if the dose is expressed as the
number of fibers longer than 8 yum and thinner than 0.25 um (Stanton’s criterion [9])
and a linear dose response, no threshold relationship is assumed, the amosite sample
would be predicted to induce 92 times more tumors in the intrapleural inoculation
study and 46 times more tumors in the intratracheal instillation study.

Fiber concentrations retained in rat lungs (fong after deposition and subsequent
phagocytosis, muco-ciliary clearance, dissolution, splitting, lymphatic and
hematogenous transport, and mechanical breakage) better explain the carcinogenic
potency of the ferroactinolite. The actual time, during the sequence of events
leading from exposure to observation of tumors, which provides the best point at
which to measure the accumulated dose of fibers most indicative of a mineral’s
carcinogenicity is presently unknown. Since the time period from exposure to
disease is much longer for man than for rodents, the Kinetics of the various
biological chemical and physical processes influencing fiber concentrations in vivo
may dictate different relative carcinogenicities for mineral fibers in man.

The number of fong, thin ferroactinolite fibers present in rat lungs 1 year after
intratracheal instillations is approximately equal to the number of long, thin
amosite fibers present after 1 year, Ferroactinolite, however, produced significantly
more neoplastic lesions in the lung than amosite. In vivo fiber splitting of ferro-
actinolite produces many short, thin fibers. 1 year after intratracheal instillation
there are 10 times more short, thin ferroactinolite fibers than short, thin amosite
fibers residing in the lungs (Fig. 3). These data suggest that the number of very thin
fibers of ali lengths present in tissue is a better determinant of fiber carcinogenicity
than the number of long fibers. This observation does not contradict the idea of
increased carcinogenic potential of long, thin fibers, but supports and extends the
concept of cumulative fiber carcinogenic potency proposed by Pott [5]. A recent
statistical reanalysis of Stanton's data suggests that carcinogenicity may be a
continuous function of aspect ratio and therefore short, thin fibers are carcinogenic
[13].
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Fig. 3. Concentrations of short, thin fibers retained in rat lungs following intratracheal instillation.
Fibers in this size range (length = 5 ym and width <0.1 gm) are not observed by optical microscopic
techniques used for occupational health monitoring of airborne asbestos.

Amosite produced 50% more pleural tumors than ferroactinolite following
intrapleural inoculation [i4], however, 600% more amosite fibers than ferroacti-
nolite fibers were inoculated. Qualitative electron microscope examination of fibers
removed from the pleural cavity months after inoculation indicates that fiber
splitting occurs. The probable increase in the number of ferroactinolite fibers may
be paralieled by an increase in the number of amosite fibers due to splitting. Very
long amosite fibers, which tend to be much wider than shorter fibers, were placed
in the pleural cavity and may have produced many very long, thin amosite fibers by
splitting, The longest amosite fibers (100—600 um) were.not retained in rat lungs as
a result of intratracheal instillation. Intrapleural inoculation studies could be more
indicative of true carcinogenic potency if the size distributions of mineral fibers
introduced are restricted to the size of fibers likely to be respireable and eventually
transportable to the pleura.

We are examining chemical and structural determinants for in vivo fiber
durability and dose alteration. We have observed the phenomenon of in vivo fiber
splitting for other fibrous minerals such as crocidolite asbestos which produces
fibers as thin as the ferroactinolite but at a slower rate. Chrysotile asbestos fiber
bundles appear to rapidly dissociate to unit fibrils with diameters of approx. 300 A
and low durability in comparison to amphibole fibers. In addition to lack of
durability, many mineral and synthetic fibers do not undergo splitting reactions and
therefore are less likely to be human carcinogens when inhaled.
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\IORT-\LITY OF RESERVE MINING COMPANY EMPLOYEES IN RELATIO\

TO TACONITE DUST EXPOSURE!
IAN T. T. HIGGINS, JEREL H. GLASSMAN, MARY S. OH axp RICHARD G. CORNELL

Higgins, L. T. T. (Dept. 6f Epidemioctogy, The U. of Michigan, School of Public
Health, Ann Arbor, Ml 48109), J. H: Glassman, M. S. Oh and R. G. Cornell. Mor-

" tality of Reserve Mining Company employees in tefation to taconite dust ex-

posure. Arn J Epidemiol 1983;118:710-19.

Analysis of mortality among men who were employed by Reserve Mining
cOmpany from. 1952 to 1976 has been carried out. Follew-up was conducted
with standard methods, Including searches by the Social Security Administra-
tion. Occupational exposures to dust werg based on personal samples taken
over the past five years by the industrial hygiene department of the company,
‘Smoking habits were obtained by mailed questionnalres or telephone inter-
views. A modified lite table methéd was used to compare death rates of the
employees with those expected for white males in the state of Minnesota. Com-
parisons were also made with US rates for white males. The results showed
that the death ratas for all causes were significantly below expectation. Deaths
from majignant diseases ware marginally below those expected for the stale.
Exposuds to total dust, to. silica dust, of to fiber were low. There was no
relationship betwéen mortality and estimated lifatime dust exposures, nor was

- there any suggestlon that deaths from malignant neoplasms were increased

after 15 to 20 years latency. In contrast, there was a strong relationship between

- smoking habits ant monrtality from a¥l causes, from- cardiovascular diseases,

5

TR S

and from cancer. This study does not suggest any increase In cancer merlality

from-taconite exposure.

environmental exposure; mortality; occupalional diseases; smoking

Considerable anxiety was created

during the 1970s by suggestions that ex-
posure to taconite dust might pose a risk
{0 the health of the general public. This
anxieiy was focused main!y on the pos-
sible risk of tacenite in- drinking water,
but there was also some concern that air-
borne dust, from industrial plant einis-
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sions and from the use of taconite tailings

..4.. - .J.-..da‘nnn.v-»m'-m-»ﬂ-mm-mnwous' o R R0

as a surface material for roads, might also oo
be hazardous. g
Tacenite is-a hard, dense rock, com-

posed of silica, silicates, and iron. The

iron is in the form of magnetite or he-

matite and may be either magnetic or

nonmagnetic, Taconite from the eastern

tip of the Mesabi Range contains amphi- i
bole in the cummingtonite-grunerite R !
series, a mineral that is related to amo- - !
site asbestos (1). The fibers of taconite are L
short in length, the vast majority being !
less than 10 pm. A fiber is defined as any

. particle with a length-to-width (or aspect)

ratio of 3 or greater. Current evidence
suggests that short fibers do not cause fi-
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HIGGINS ET AL.

TaABLE 2

Hiring periods and ages at first hire for 5751 men who had worked one year or longer for Reserve Mi. mmg

Company (1952-1976)

.

Age (years) at hire 1952-19565 19561959 15960-1963 1964 or later Total
<25 275 594 411 1399 2679
25-34 ) 4E9 560 236 421 . 1768
35-44 267 287 208 139 201
46-54 58 66 89 128 341
55-64 13 . 13 7 31 64
65+ -0 0 0 1) 0
Tatal 1102 . 1520 _‘ 1011 2118 5751
Mean age 31.0 = 82 28.8 £ 85 29.6 x 9.7 252 = 9.3 28,0 + 9.3
Age range (years) 18-64 17-63 18-57 1862 17-64

whose vital statns was unknown to the

company. The vital status of 75 per cent
of the former emplayees who had worked
one to four years was estabhshed in
this way.

In addition, mformatmn on v1tal status
was obtained through the Social Security
Administration. A lis#of Reserve Mining
Company employees®was submitted to
that agency. Two separate searches were
made during an ianterval of one year.

Persons not located and not identified
as deceased either by the various methods
described or through Social Security rec-
ords were considered to be alive as of July

-1, 1876. Of the 5751 men in the group, 59

(1.0 per cent) were not located but were
_ presumed alive, 208 were dead, and thus

5453 were dither known alive or pre-
sumed to be alive. Death certificates were
obtained for all those who had died.
Causes of death were categorized by qual-
ified and highly experienced nosalogists
according to the Eighth Revision of the
International Classification of Diseases,
Adapted (Public Health Service, 1968).

Caleulation of expected numbers
of deaths

The expected numbers of deaths were
estimated by a modified life table method.
Person-years of observations were atcu-

- mulated for five-year age groups over

five-year time periods from the date of

entry into the life table. Death rates were
obtained by dividing the average num-
bers of deaths which had occurred in the

three years around 19335, 1960, 1965,

1970, and 1975 among white males in the
state of Minnesota by the census popula-
tions (or their linear interpolations for
mid-decade yeats) and these rates were
applied. to the appropriate time pericds.
The number of deaths actually observed
divided by the number of deaths expected
for all causes and for specific causes is ex-
pressed as s percentage or standardized
mortality ratie (SMR) by muitiplying the
quotient by 100; thus,

SMR = (Observed deaths/empected

deaths) x 100.

The significance of a difference from 100
was estimated from the confidence limits
assuming a Poisson distribution (2). Se-
Tected causes of death used in this anal-
ysis are shown in table 3. -

Assessment of dust exposures

Concentration of total respirable dust
ranged from a low of about 0.02 mg/m? in

.a heavy-duty truck driver engaged in sur-

face maintenance to 2.52 mg/m® in a
balling line operator in the pelletizing
plant and 2.756 mg/m? in & pan feed op-
erator in the fine crusher. Values of 1-2
mg/m3 were reported occasionally for men
who worked in the powerhouse, on the
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TABLE 3

Selected causes of mortality in the state of Minnesota with accompanying codes from the Eighth Revision
of the International Classification of Diseases, Adapted (ICDA)

Deseription of cause ICDA code Comment
All causes 000-E999 *
Cardiovascular 402, 404, 410429
AN cancer . 140-209
Respiratory cancer 160-163
Digestive cancer 150-1359
Vrinary cancer 188, 189
Genital cancer - 180-187
Selected respiratory diseases 470474, 450486, 490, Influenza, pneumonia,
491, 498, 510-319 bronchitis, emphysema,
: : asthma, other rezpiratory
Maost trauma EB00-ES78 Excludes undetermined,
and war-related injury
~ Motor vehicle E810-E523

coal conveyors, and for conveyor men in
the yards.and docks, Values above 1
mg/m? were, however, infrequent, the
modal range in most occupations bemg
0.2-0.6 mg/m3.

Threshold limit values depend on both
dust concentrations and silica content
of the dust. These values weie sometimes
exceeded in samples from the erushing
departments. The relatively few measure-
ments of fiber which had been made in-
dicated that fiber ¢coneentrations were
usually low. Concentrations greater than
0.5 fibers per ml were oceasignally ob-
served, mainly in the crushing depart-

ments, but none approached the threshold

‘limit value of two fibers per ml.
Estimates of dust exposure have been

based on personal samples, which were

o

collsffed between 1975 and 1978. This _

w&Ponsidered to be a valid procedure

" since analysis of fixed-site dust samples

over the whole period, from 1952 to 1978,
did not indicate any marked irends in
dustiness over the years. Furthermore,
there were no major processing changes
which might have led one to expect any
marked changes. All samples were col-
lected during four to eight hours of con-
tinuous air sampling, most of them being

TABLE 4

Mortal:ty for selected causes for men who had worked one year or longer for Reserue ‘Mining Comgpany,
compared with white males in Minresota, 1952-1976

ted causes . Deaths 7 Standardized )
sn:?m:dr.talitye " Observed Expected m:::;‘ahr §5% confidence limits
All causes 298 343.85 8T+ 1, 97
Cardiovascular 112 123.79 80 T4, 109
All neoplasms 58 63.38 .92 69, 118
Respiratory cancer 15 1794 - 84 47,138
Digestive cancer ' 20 17.57 114 70, 176
Urinary cancer - 3 2.97 101 20, 295
Genital cancer ¢ -3 3.31 91 18, 265
Selected respiratery diseases 4 6.80 59 16, 151
Most trauma 76 12.76 104 82,131
Motor vehicle 38 31.12 122 86, 168
*p < 0.05.
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714 HIGGINS ET AL.

full eight-hour shift samples. For each
sample, total respirable dust and silica
dust were expressed in mg/m?.

" Personal samples had been taken for 38
per cent of all coded jobs. Jobs which had
not been sampled (19 per cent) but which
shared the same work code area as a sam-
pled job, based on time and motion
studies, were assigned the same dust con-

ceniration as the appropriate sampled

job. Two procedures were used to estimate
the concentrations of the remaining jobs.
For those occupations for which the ex-
tent of involvement in production was un-
certain {carpenters, painters, supervi-
sors—which cemprised 36 per cent of all
jobs), the mean value of the department
was assigned. For those jobs outside the
high production area (clerical and office
workers—which comprised 8 per cent.of

" all jobs), the lowest value of the appro:

priate department was assigned.

Once an egtimate of dustiness of each
job had been $nade, dust exposure was cal-
culated from the occupational histories of
each employee by summing the years of
exposure in each job over a working life-
time and dividing by the total number of

- years worked to obtain a time-weighted

lifetime average dust exposure. For each
employee, estimates were therefore avail-
able of total respirable dust expesure and
of silica dust exposure. '

ResuLTs

Observed and expected deaths and
standardized mortality ratios (SMRs) for
all men who had worked for one year or
longer for Reserve Mining Company from
1952 to 1976 are shown in table 4. The
standardized mortality ratio of 87 for all
causes of death is significantly below that
expected for the state of Minnesota {(p <
0.05). This is most likely because of the
“healthy worker” effect which occurs
when essentially healthy working people
are compared with all persors in the gen-
eral population, which will include per-
sons who- are too ill or otherwise unable

to work. Cardiovascular disease (SMR =
90) was the main cause of death contrib-
uting to the low overall standardized mor-
tality ratio; however, there was also a de-
ficiency of deaths due to selected respi-
ratory. diseases. Whereas seven deaths
might have been expeacted from these
causes, only four were observed. This sug-
gests that respiratory disease is not a
problem among employees of Reserve
Mining Company. The standardized mor-
tality ratio for all malignant neoplasms
was low, 92 when compared with the state
and 79 when compared with the United
States. Ratios for cancers at. particular

sites were close to expectation, with re-

spiratory cancer slightly below and diges-

tive tract cancer slightly above. expecta-

tion. These deviations from expactation
- were statistically insignificant.

Mortality in relationship to time since
first exposure (latency) .-

Various periods since first hire have
been examined to test the possibility that
neoplasms may be increasing after . cer-
tain latency. Thus, standardized mor-
tality ratios after 10, 15, and 20 years
since first hire have been explored. Table
5 summarizes the findings assuming a la-
tency of 15 years. There is no indication.
that cancer in general or cancer at any
particular site is increasing after such an
induction period. For all neoplasms, the
standardized mortality ratio was lower in
those surviving 15 years since first hire
than in those survivipg less than 15
years. Furthermore, the upper limit of the
95 per cent confidence band was 117,
which is reasonably lew. For specific
sites, agreement with expectation is re-
markably close. For those with a latency
of 20 years and over (not shown), there
were of course very few deaths, but again
the numbers observed were close to ex-
pected. For all cancers, 5.97 deaths were
expected, whereas five were recorded,
giving a standardized mortality ratio of
84 with a 95 per cent confidence band of
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i MORTALITY IN RELATION TO TACONITE DUST EXPOSURE
L} .
SMR = i TABLE 5 ' .
contrib- Mortality for selected causes acoording to years of survival since first hire for men who had worked for
ed mor- Reserve Mining Company one yearor longer, compared with white males in Minnesota (1952-1976)
50 a de- Survival since first hire
1 rgspi- Less than 15 years 15 years or more
deaths Selected causes {na. = 5751) (no. = 2893)
| these of mortality . Deaths Standardized  95% Deaths Standardized  95%
iis sug- Observed Expected  T00llty  confidence " ed Expected  Tonge”  Cheia
' not a All causes 195 22893 85 74, 98 103  114.63 90 73, 109
eserve Cardiovascular 66 76.37 86 67, 110 46 47.42 97 71, 129
d mor- All neoplasms 40 g1z 102 73, 139 18 24.26 4 44, 117
plasms : Respiratory cancer 7 1007 . 70 28,143 8 - 187 102 44, 200 _
e state ; Digesth‘e cancer 12 10.79 111 57,194 8 6.78 118 51, 233 :
United Unxfary cancer 2 1.71 117 13, 422 1 1.26 79 1,442 i
. Genital cancer 3 2.04 147 30, 430 0 1.27 0, 289 f
icular Selected respiratory ,
ith re- diseases .2 454 44 5,159 2 226 88 10, 320 }
diges- Most trauma - 64 £9.48 108 83,137 - 12 13.28 50 47, 158 t
peéta_ Motor_ vehicle 33 26.77 123 85, 173 5 4.35 115 37, 268 i
tation *p < 0.05. ' E
ince . from 27 to 195. For respiratory cancer, cording to cumulative exposure to total :
two cases were expected and two cases dust angd to silica dust are shown in tables '
were found, while for digestive cancer, 1.7 an respectively. There are no :
have cases were expected and three were strik rends. Deaths from all causes :
’ that found. Such agreement with expectation among men with a cumulative exposure !
1cer- . makes any increase in cincer after a 20- of 1000-3000 total dust-years or of 500-- :
mor- " year latency very unlikely. , 1000 silica dust-years was significantly )
FeRTs Mortality was uninfluenced by age at low (p < 0.05). This may be partly due to
lable first hire, time of first hire, and by the the concurrent measurement of exposure
a la- division of the company (Babbitt or Silver and mortality. Clearly, increasing expo- -
ition Bay} in which the man worked. (Addi- sure depends on survival. Those who die f
any tional tables to support these statements early do not have the same opportunity to :
han ~ are available on request frem Dr. Ian accumulate dust as those who die later or '
' ﬂ:‘e . T.T. Higgins.) who survive throughout the observation ;
frin No case of mesothelioma either of the pericd. An inevitable bias will occur in i
hire [ pleura or of the peritoneum was recorded. -which those who survive longest and ex- {
L 15 All diagnoses that could conceivably have perience the lowest mortality may ac- i
fthe been confused with mesothelioma were quire the greatest dust dosage. One so- :
1,17* carefully scrutinized. We do not believe lution to this problem is to séparate the
rific that any such cases were missed. One period when dosage is being assessed
re- man was reported as having died of aret- from the period when mortality is being
ney roperitoneal tumor. However, in his case, measured. We have attempted to do this
lere a biopsy had confirmed this to be a leio- in the present analysis by categorizing
Ain myosarcoma. dust exposures during the first year, the
ex- . o first two years, the first five years, and
ere Mortality by cumulative lifetime the first 10 years of employment with Re-
ed, dust exposure serve Mining Company. We then mea-
) of Standardized mortality ratios for all sured mortality during the remainder of
the follow-up period. For those with 10

I — .
of causes and for several specific causes ac-
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716 . HIGGINS ET AL.

d TABLE B

Mortality for selected causes according to cumulative total dust exposure (mg/m® x years) for men who

had worked for Reserve Muung Compeny one year or longer, compared with white
" males in Minnesota (19521976}

Not exposed <100 00— 1000-

T SMR, sr.andardxzed mortahty ratio.

years of dust exposure, a maximum of
about 15 years of follow-up was possible. .
We did not consider that a shorter follow-
up period than this would be worthwhile
and have therefore rastricted the time for
dust accumulation t3 a maximum of 10
years.

Observed deaths and standardxzed mor-
tality ratios by categories of dust expo-
sure and duration of survival since first
hire based on total respiratory dust ex-
posure in the first year of employment

Cause of death 2081 Total
) Deaths SMR* Deaths SMR Deaths SMR Deaths SMR Deaths SMR Deaths SMR

All causes. 34 %0 10 96 103 101 87 ™ 64 20 298 8T

All neoplasms 5 10 1 53 19 109 217 102 12 74 58 92

Respiratory 0 1 218 5§ 110 4 63 5 98 15 84
cancer ’ ) ;

Gastro- 0 0 6 128 9 157 5 116 20 114
intestinal :
cancer -

~ Cardio- 15 101 3 80 35 107 29 72 30 94 112 80
vascular .
Person-years 7 6284 : _2798 29199 25895 ‘ ) 13224 _ 77400
* p < 0.05. ’ ' '

and to silica dust exposure in the first

year are shown in tables .8 and 9, respec-
tively. Neither these tables, nor the ad-
ditional ones for the longer exposure pe-
riods (not shown), suggest that there was

any association between mortality and

exposure to dust.

Smoking and mortality .

Using mailed questionnaires, we tried
to obtain information on smoking habits
from all persons who were included in the

TABLE 7
Mortahty for selected causes according to cumulative silica dust exposure {mgim® x years) for men who
had worked for Reserve Mining Company one year or langer, compared with white
. males in Minnesola (1952-1976)

Cause of death, - obexposed <100 100- 500.. - 1000+ Total
Deaths‘ SMR* Deaths SMRB Deaths SMR Deaths SMR  Deaths SMR Deaths SMR

All causes 34 9 91 90 115 8 43 74* 153 104 298 87*

AN necplasms 5 7 17 98 22 91 11 94 3 97 58 92

Respiratory 0 4 388 3 44 & 167 2 193 15 84
cancer . .

Gastro- ] 5 192 B 89 4 124 1 117 20 114
intestinal )
cancer . - ) R

Cardio- 15 1M 31 94 40 84 18 79 8 136 112 90
vaseular :

Person-years 6284 27789, : 31427 9889 2015 77400
*p <005,

t'SMR, standardized mortality ratio.
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MORTALITY IN RELATION TO TACONITE DUST EXPOSURE 717

u : TasLE 8
Mortality for selected couses according to cumulative total dust exposure and duration of survival since
first hire for men who had worked for Reserve Mining Company one year or longer, compared with white
males in Minnesotz (1952-1976} '

Survival sinee first hire

10 years or more -

Selected causes l-year average dust éxposure l-vear average dust exposure

of mortality Low or none Medium High Low or none Medium High
(no. = 22351  (no. = 2372 (no. = 1094)  (no. = 1693 (no. =~ 1869) fno, = 770

Deaths SMRt Deaths SMR Deaths SMR Deaths SMR Deaths SMR Deaths SMR

Less than 10 years

e RS e — - ——————
- et +
e

All causes. 52 84 52 84 15 87 87 94 7 86 15 69
Cardiovascular 17 86 18 93 3 90 35 93 3 94 5 64
All neoplasms 11 109 g .90 1 45 18 96 16 87 3 72
Respiratory 1 42 0 1 271 5 87 7 122 1 8o
cancer :
Digestive 5 175 3 108 0 : 5 94 5 98 2 183
cancer - :
Urinary 1 224 1 244 ¢ ) 1 105 0 0
eancer
Genital 2 347 0 . 4] 1 97 0 0
cancer _— ' ) , :
Selected 0. 0 o : 0 - 3 112 1 272
respiratory '
diseases ’ o
Most trauma 17 100 24 132 10 123 15 123 7 55 3 63
Motor vehicle 8 102 13 155 0 65 -1 55

6 , 143 wd& 160
1 SMR, standardized mortality ratio. !
Tante 8
Mortality for selected causes according to cumulative silica dust exposure and duration of survival since

first hire for men. who had worked for Reserve Mining Company one year or longer, compared with white
males in Minnesota (1952-1976)

L3

‘Survival since first hire

10 years or more
1-vear averuge silica exposure

Lesy than 10 years
Selected causes 1-year average silica #xposure

of mortality Lowornone Medium High Low or none Medium High
{no. = 1043)  {no, = 3736) (no, = 972) {nq. == 850} (no. = 2706) {no. » 776)

- Deaths SMRY Deasths SMR Deaths  SMR Deaths SMR Deaths SMR Deaths SMR

All causes- 27 85 72 82 20 94 46 8 1 94 22 75
Cardiovaseular 13 119 22 86 3 5 20 86 47 . 100 7 63
Al neoplasms ] 112 11 80 - 4 122 9 9 25 104 3 52

Respiratory 0 A | 32 .1 136 1 23 11 148 1 55
cancer
Digestive 3 192 3 81 2 240 4 122 6 80 2 128
cancer
Urinary 0 2 35 0 0 1 84 0
cancer :
Genital 2 688 0 0 0 ‘ 1 8¢ 0
cancer | n
Selected Q 0 0 0 -2 86 2 392
respiratory
diseases -
Most trauma 6 % 34 121 11 150 8 119 13 74 4 73
Motor vehicle 3 87 19 141 ] 143 3 128 5 78 13 157

t SMR, standardized mortality ratio.
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i . ‘ TasLE 10 ' : l ta
:} Mortality for selected causes according to reported smoking habits for 3439 men who had worked for : , . ge
% Reserve Mining Company five years or longer, compared with white males in Minnesota (1952-1976) rz
2 ' ' ; £i-
2 Smokers * it
3 s Nonsmokers ) Ex-smokers  Not known 7 -
:5; Selfec!ed c?'uses_ (no. = 498) Cigarette Ot:er Total (mo. = 1125) (no, = 552 . ) .t}
W & SR Deaths SMRY (i "KilR MU (0w 1260) Deahe SMR Deathe SMR 7 61
g Deaths SMR Deaths SMR Deaths SMR to
§ All causes 11 39 80 149* 12 71 92 130* 32 37** 44 131 | 43
ﬁ" : Cardiovascular 4 37* 28 136*> 1 - 14* 39 145* 17 49**+ 17 131 fic
’,_""é i All neoplasms 1 18 14 137 8 238* 22 162* 7 40 11 169 je
5 : Respiratory 0 5 187 2 193 7 174 1 13 2 10 - . th
"y cancer . - - : o “be
- & - Digestive 0 -3 106 4 409* 7 184 5 1101 4 217 : ) T
— cancer : : o R "y
- Urinary 0 S0 1 5m 1 154 0 2 635 - ta
_ﬁr cancer : ) ’ i tr
" : Genital 1 345 1 206 0 1 154 0 0 SR ) ct
3 cancer . - A i
fe, . Selected o 1 -9 - 1 ‘280 2 "142 "1 56 1 143 i
& respiratory _ ' : ' '
i;; : diseases ) , . S ~ .
,’g’g‘Z Most trauma 3 60 9 88 2 82 11 a7 3 24+ 11 196 Ve se
3 Motorvehicle 2 3100 5 124 0 5300 1 21 2 ‘@ i 1€
r *p <005 ' , th
& **p < 0.0l ' 'y L im
t SMR, standardized mortality rati. : - i al
. ‘ - : . , ; ic:
. iy
personal follow-up study. Those men who taken from a proxy -about a man’s L pe
were alive completed the questionnaire smoking habits agreed fairly well with in- e ne
themselves; for these who had died, a formation taken one year previously from 1 for
) proxy, usually the next of kin or a close the man himself (3). Similar conclusions i ca
; relative, completed the questionnaire. In  about the validity of proxy smoking 3 ©ar
an earlier paper on another occupational habits have been reached by others (4-6). W wC
. cohort, it was shown that information QObserved deaths and standardized mor- 3 pe
o : ' & al
i o "::':. frc
o : © TasLE 1} : % al’
Comparative digestive system cancer rates far white persons, 19501969, in the state of Minnesota, St. : ca
Louis County and Lake County (7} N m.
Rate/100,000 di
Cause Minnesota St. Louis County Lake County pe
Male " Female Male _ Female Male Female R is
Esophageal . 35 0.9 54 1.3 5.7 1.0 A wl
Gastric 18.4 9.2 258 118 309 14.0 ci)
Colonic 153 15.0 152 13.7 13.2 19.7 : er
Rectal 76 , 41 ’ 8.2 5.0 6.5 3.0 ce
Biliary 42 © 58 44 6.5 44 6.1 ,
Pancreatic 9.5 6.1 10.9 74 7.8 7.0 (t:
. Total 58.6 410 70.9 45.5 68.5 50.8 , af
Standardized :
_maortality ratio . . ~¥00 100 121 111 117 124

T e g g s e e s
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tality ratios according to smoking cate-
gories are shown in table 10. The high
ratios for all smokers are evident. The ra-
tios for respiratory cancer are high for
those reported as smoking tobacco other
than cigarettes. This rather unusual
finding may be due to the use of a proxy
to obtain smokirg habits of those who had
died. Such a person may not have a suf-
ficiently detailed knowledge of the sub-
ject's past smoking habits, with the result
that cigarette smoking earlier in life may
be underestimated. This table, which
shows a strong effect of smoking on 'mor-
tality in this group of employees, con-
trasts strikingly with those relating oc-
cupational exposure to mortality.

DiscussioN _
~ Follow-up of men employed by the Re-

serve Mining Company from January 1,.

1952, to July 1, 1976, does not suggest
that working for the company posed any
increase in risk of mortality. Deaths from
all causes during this period were signif-
icantly fewer than would have been ex-
pected for white males in the state of Min-

nesota. Most of this effect was accounted

for by a deficiency of deaths attributed to
cardiovascular diseases. This is probably
an example of the so-called: “healthy
worker” effect, which reflects the fact that

persons who are able, to work are gener-

ally fitter than those who are not. Deaths
from all malignant diseases were margin-
ally fewer than expected with deaths from
cancer of the respiratory system mini-
mally belowv and deaths from cancer of the
digestive system minimally above ex-
pected. An increase in the latter category
is to be expected, since the counties in
which the Reserve Mining Company fa-
cilities are situated have higher than av-
erage digestive cancer rates and this ex-
cess applies to women as well as to men
(table 11). There was no suggestion that
after a latency of 15 years or more cancer

was beginning to increase'in these em-
ployees,

The apparent absence of any increased
risk of cancer among employees of a tac-
onite industry is not surprising. Al-
though estimates of dust concentrations
are less comprehensive and complete
than we should like, the dust measure-
ments available indicated that exposures
to total dust, silica dust, and fibers have

-been low. Moreover, review of the occu-

pational records indicated that men
tended to spend relatively short periods
in the dustier jobs, movieg to less dusty
jobs as they became promoted. Further-
more, the average latency of the whole

- cohort was 14.7 years with a maximum of

24.6 years. Conclusions should, therefore,
be tempered with caution, in that the du-
ration since first exposure, and hence the
latency period for the development of

canger, is still relatively short. It does not
#ike]y, however, that any exposures
t

aconite which may have occirred in
the gereral community will result int an
. N - 1 o
increased risk of lung cancer.
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INVESTIGAT[\'G POSSIBLE EfFECTS OF ASBESTOS IN CITY
WATER: SURVEILLANCE OF GASTROINTESTINAL CANCER
INCIDENCE IN DULUTII, MINNESOTA

BARR\ S. LEVY,! EU\ICE SIGURNSON,? JACK ‘viA\DFL.' E\IALINE LAUDON" axp

JOHN PFARbO\!’
Levy, B. S. {Minnesota Dcpt. of Health, Minneapolis, MN 55440}, E.
Sigurdson, J, Mandel, E. Laudon and J. Pearson. Investigating possible ef-

- fects of asbestos in city water: Surveillance of gastrointestinal cancer ingi-

dence in Duluth, Minnesota. Am J Epidemiof 103:352-258, 1976.
The secont discovery of over one million ashasios-like fibers per fiter of
Duluth tap water and the suggestive evidence of a link between certain gas-

"trointestinal {G1} cancers and work exposure to ashestos fibers in the air
- prompted this study. Gi cancer incidence data were gathered for Duluth in

the same ranner as data previoucly gathered for comparison cities, Minne-
2polis and St. Paul. Although some dilferences in Gl cancer incidence oc-
curred among the three cities in 1969-1971, there was no consistent pattern

_"'ol statistically significant differences observed. The number of Gl cancers
-diagnosed in Duluth residents in 1972 was similar to that in each ¢f the pre-

~ wious three years. This study reptesents ths start of ongomg cancer surveil-

- lance in Duluth.

Human exposure to asbestos has in-

" creased greatly in recent years, vet the

“Received for publication July 14, 1975, and in final
“Sorm Octoher 6. 1975, .

Abbreviation: Gl zastrointestinal.

: TActing State Epideminlogist. Minnesota Depar-
ment of Health. 717 Delaware Street 3.E.. Minneapa-
i, MN 55440 (address for reprint requests), and
"Medical Epidemiologist, Burean of Epidemiology,
CDhC.)

*Division of Epidemiology. L'nuersm of \Min.
sesota School of Public Health. Currently, Chsonic
Discase Epidemiologist. Minnesota Department of
Healtk.

. *University of Minnesota School of Public Health.

*Department of Medical Sratistics and Epidemiol-
ogy,» Maya Clinic,

$Health Computer Sciences. Department of Laho-
ratory Medicine, University of Minnesota,

‘The authues thank the fallowing tor their invalua-
ble assistance in this study: De. Warren Lawson, Dr.
Harold Leppink: Dr. Leonard Schaman, Dr. Clark
Heath. Dr. Janies Stebbings, Dr. Conrad Steauh, Dr.
Mare Kjelshere, 12, Jacoh Bearman. Dr. (lenn
Bartsch, Dr. D, 3. Fleming, Mr, Don Holst, Me, dim
Wigginton, Mr, Jumes Coleman. 1. Leonard Rur.
laad. Dr. Wilizum Manne, Dr. o). Lyle Conrad, M.
Virgi! Peavy, Sister Marvbelle Leick. Ms. Sandra
Williams, Ms. ftath Grendahl, Mr. @chard Fox, M,
Alice Frechette, Ms. Pat Ml M. James Knoble,
Ms. Shirley Fickenwald and Ms. Ruth Diflon.
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asbestos; cancer; gastrointestinal negplasms: water pollution .

hazards of this exposurz to human health
are not understood completely. Occupa-
tional exposure to certain concentrations of
asbestos fibers in the air has been linked
with pulmonary asbestosis, lung cancer,
and pleural and peritoneal mesotheliomas
(1-6), There are also data suggestive of a
link between such expusure and develop-

- ment of cancers of the stomach, large

intestine, and rectum many years after
initial exposure (1, 6-9). This possible link.
presumably the result of swallowing ini-
tially inhaled fibers, raises the possibility
that drinking water with high concentra-
tions of asbestos or ashestos-like fibers for
sufficiently lonz periods may lead to an
increased incidence of gastrointestinal {G])
cancers among those wha drink it.

In June 1973, the US Environmental
Protection Agzency (EPA) reported the re-
cent discovery of large amounts of ashestos
in Lake Superiar. the source of municipal
water tor Duluth, Minnesota 11970 popula-
tion: 100.378), and five smuller commnuni-
ties on the lake shore. Subscquent electrun




Mortality of Workers in Two Minnesoia
Taconite Mining and Milling Operations

W. Clark Cooper, MD; Otto Wong, ScD; and Robert Graebner, MS

Mortality during the years 1947 to 1983 was studied in
8,444 men employed for at loast 8 months in Minnesota taco-
nite mining operations during the years 1947 to 1958. During
86,307 person-years of obssrvation, there were 801 deaths for
a standardized mortality ratfo (SMR) of 88 (US white male
rates) or 88 (Minnoesots rates). The 41 deaths from respira-
tory eancer were fower than expected, the SMR being 81 (P
= .01) (US rates) and 85 (Minnesota rates). There were 25
respiratory cancers 20 or more years after first taconite
employment, for an SMR of 57 (P =< .01) (US rates). SMRs
for colon cancer, kidney cancer, and lymphopoietic cancer
were elovated, but below the level of statistical significance,
There was one death from pleural mesothelioma, 11 years
after first taconite employment, in & man with long prior
employment as a locomotive operator. The pattern of deaths
djd not suggest asbestos-related disease in taconite miners
and millers, : i

aconite is a hard, fine-grained, iron-bearing rock
which after World War IT became the principal form
of iron ore mined in the United States, as natural
hematite reserves became depleted. By 1978 it provided
nearly 80% of the iron ore used in US iron and steel
industries. Of this, more than 60% came from the Mesabi
Range in Minnesota, where a deposit about 110 miles
long and 1 to 3 miles wide extends roughly east to west
from Babbitt to Grand Rapids.
The taconite ore body in the eastern end of the Range
contains amphibole minerals, ie, actinolite and cum-

From 3887 Mt Diablo Bivd, Suite 820, Lafayette, CA 84545 (Dr
Coaper) and Environmental Health Asasociates, Inc, 580 Third St,
Huite 208, Oakland, CA 84807 (Dr Wong, Mr Graebper) (addrsas
correspondence to Dr Cooper). '

0098-1738/88/3008-06008502.00/0
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mingtonite-grunerite. In 1878 fibrous grunerite parti-
cles, reported as similar to amosite, were found in the
water supply of Duluth, 50 miles southwest from the
point where mine failings from one of the taconite
processing plants were being deposited. There was jus-
tifiable concern as to possible effects on health. Concur-
rent with drastic measures to prevent effluents from
entering Lake Superior, studies were begun to deter-
mine whether there was any evidence of effects on the
health of Duluth residents, with concurrent studies of
workers in the taconite mines and milis. So far such
studies have been negative.r™

Two of the investigations of taconite workers involved
analyses of mortality. The first, by Higgins ot al,* was
based on 5,751 men employed by the Reserve Mining
Company for 1 year or more in the period 1952 to 1978,
and observed through July 1, 1976. There were 298
deaths during 77,400 person-years of observation, with
no gsignificant excess deaths from any cause. Respiratory
tract cancers were elightly fewer than expected, and no
mesothelomas were observed. The second study, by
Cooper,” involved 3,444 men who had worked In either
the Erie or Minntac taconite operations for at least S
months prior to Jan 1, 1959. They were cbserved
through Dec 31, 1977, and there were 489 deaths during
69,308 person-years. There were no excess deaths from
lung cancer or any other major cause. It was believed,
however, that the results should be interpreted with
caution, since only 8% of the person-years of chservation
were 20 or more years since first opportunities for
exposurs in the taconite industry, which did not begin
to any major extent until 1947.

The present report is based on observation of the
Erie-Minntac cohorts for an additional 6 years, through
1983, increasing the person-yeare of cbservation to
86,307 and the total number of deaths for analysis to
801.

Mortality in Milling and Mining/Cooper et at
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TO TACONITE DUST EXPOSURE!
IAN T. T. HIGGINS, JEREL H. GLASSMAN, MARY 5. OH anp RICHARD G. CORNELL

Higgins, L. T. T, (Dept. 6f Epidemiology, The U. of Michigan, School of Public
Health, Ann Arbor, Mi 48109), J. H. Glassman, M. 8. Oh and R. G. Cornell. Mor-

" 1tality of Reserve Mining Company employees in relation to taconite dust ex-

posure. Am J Epldemiol 1983:118:710-19.

Analysis of mortality among men who were employed by Reserve Mining
Company from 1852 to 1976 has been carried out. Follow-up was conducted
with standard methods, Including searches by the Social Security Administra-
tion. Occupationai exposures to dust were based on personal samples taken
over the past five years by the industrial hygiene department of the company.
Smoking habits were obtalned by mailed questionnaires or telephone inter-
views, A moditied life table method was used to compare death rates of the
employees with those expected for white males in the state of Minnesota. Com-
parisons were also made with US rates for white males. The results showed
that the death rates for all causes were signiticantly below expectation. Deaths
from malignant diseases were marginally below those expected for the state,
Exposures to total dust, to silica dust, or to fiber were low. There was no
retationship between mortality and estimated Jifetime dust exposures, nor was
there any suggestion that deaths from malignant neoplasms were increased
‘after 15 to 20 years latency. In contrast, there was a strong relationship between
smoking habits and mortality from all causes, from cardiovascular diseases,
and from cancer. This study does not suggest any Increase In cancer mortality

* from taconite exposure.

environmental exposure; mortality; occupational diseases; smoking

Considerable anxiety was created
during the 1970s by suggestions that ex-
posure to taconite dust might pose a risk
to the health of the general public. This
anxiety was focused mainly on the pos-
sible risk of taconite in drinking water;
but there was also some concern that air-
borne dust, from industrial plant emis-

Received for publication July 28, 1982, and in
final form April 4, 1983.

I From The University of Michigan, School of
Public Health, Department of Epidemiology, Ann
Arbor, MI 48109. (Reprint requests to Dr. Higgins.)

This research was supported by 'a contract from
Reserve Mining Company.

The authors thank the many persons at Reserve
Mining Company and on our staff who made major
contributions to this study.
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sions and from the use of taconite tailings
as a surface material for roads, might also
be hazardous.

Taconite is & hard, dense rock, com-
posed of silica, silicates, and iron. The
iron is in the form of magnetite or he-
matite and may be either magnetic or
nonmagnetic. Taconite from the eastern
tip of the Mesabi Range contains amphi-
bole in the cummingtonite-grunerite

series, a mineral that is related to amo-

site asbestos {(1). The fibers of taconite are
short in length, the vast majority being

léss than 10 pm. A fiber is defined as any -
. particle with a length-to-width (or aspect)

ratio of 3 or greater. Current evidence
suggests that short fibers do not cause fi-
brosis and are unlikely to increase the
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TABLE 3

Selected causes of mortalitly in the state of Minnesota with accompanying codes from tke Eighth Revision
of the International Classification of Diseases, Adapted (ICDA)

Description of cause ICDA code Comment

All causes 000-E9%59

Cardiovascular 402, 404, 410429

All cancer ) 140-209

Respiratory cancer 160-163

Digestive cancer 150159

Urinary cancer 188, 189

Genital cancer 180-187

Selected respiratory diseases

470474, 480486, 450,

Influenza, pneumonia,

491, 483, 510-519 bronchitis, emphysema,
asthma, other respiratory
Most trauma EB00-E978 Excludes undetermined
and war-related injury
Motor vehicle E810-E823

coal conveyors, and for conveyor men in
the yards .and docks. Values above 1
mg/m?® were, however, infrequent, the
modal range in most occupations being
0.2-0.6 mg/m3,

Threshold limit values depend on beth
dust concentrations and silica content
of the dust. These values were sometimes
exceeded in samples from the crushing
departments. The relatively few measure-
ments of fiber which had been made in-
dicated that fiber concentrations were
usually low. Concentrations greater than
0.5 fibers per m} were occasionally ob-
served, mainly in the crushing depart-

ments, but none approached the threshold
limit value of two fibers per ml.
Estimates of dust exposure have been
based on personal samples, which were
collected between 1975 and 1978. This
was considered to be a valid procedure

"'since analysis of fixed-site dust samples

over the whole period, from 1552 to 1976,
did not indicate any marked trends in
dustiness over.the years. Furthermore,
there were no major processing changes
which might have led one to expect any
marked changes. All samples were col-
lected during four to eight hours of con-
tinuous air sampling, most of them being

TABLE 4

Mortality for selected causes for men who had worked one year or longer for Reserve Mining Company,
compared with while males in Minnesota, 1952-1976

Selected canses Deaths Smndarqued -
of mortality Observed Expected m:rattai::ty 95% confidence limits
All causes 298 343.65 87+ 7, 97
Cardiovascular 112 123.78 90 74, 109
All neoplasms 58 63.38 92 69, 118
Respiratory cancer 15 17.94 84 47,138
Digestive cancer 20 17.57 114 70, 176
Urinary cancer’ - 297 101 20, 295
Genital cancer  .¢ 3 3.31 91 18, 265
Selected respiratory diseases 4 6.80 59 16, 151
Most trauma 76 72.76 104 82, 131
Motor vehicle 38 31.12 122 86, 168

*p < 0.05.
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-

.

.

196

QmA

INTERNATIONAL ENVIRONMENT REPORTER

to self 1is electricity to the U8, at a lower cosl than the U.S.
could produce it.

Roberfs Wants ‘Environmentally Acceptable’ Exporls

I Washington, DC, May 5, Roberts disputed that point of
view. He said he is concerned that any exports be done in an
“environmen:ally acceptable” manner. If that can be done,
‘however, he said ke is in favor of sales of surplus Canadia
power o the U.S. if the power is needed.

Nearly half of Canada’s members of Parliament signed a
petiz.on protesting the proposed sales early this year. Rob-
erts was willing to concede the NEB's argument that the
proposed sales will not increase acid rain emissions after
the first few months of the deal. Thai argument may be
valid, he indicated, because new coal plants will not have to
be built in the U.S. to supply the export electricity.

However, Environment Canada’s point is that controls on
new power plants in the U.S. are much stricter than those in
Canada. '

The department said Canadian planis producing export
electricity should be at Teast as clean as new U.S. gener-
ators, which must control 80 percent to 90 percent of sulfur
dioxide emissions, .

Ontario Hydro officials said they were “pleased” by the
energy board’s ruling. Hydro stands to make about $1 billion
on the export contract. However, environmental groups
were up in arms about the board's move, Rick Pratt of the
Canadian Nature Federation said he had troudle following
the board's “twisted logic.” Pratt said the move will blacken
Canada’s image in the U.S.

Energy Probe, which said the export plan will resulf in
the death of 60 Canadian lakes a year, plans to pressure the
fedecal Cabinet to block the sale. Greenpeace indicated its
displeasure with Ontario Hydro even before the NEB deci-
sion was announced. ‘

Two protestors spent several days atep a 650-foot Ontario
Hydro smokestack to protest Ontario Hydro’s policy.

United Slates

ADDITIONAL PROVISIONS TO COMBAT
ACID RAIN URGED BY NEW ENGLAND CAUCUS

HARTFORD, Conn - (By an IER Staff Correspondent) — '

Members of the New England Congressional Caucus will try
to add provisions dealing with acid rain to legislation

reauthorizing the Clean Air Act, according to Representa- -

tive Barbara Kennelly {D-Connecticut).

Caucus members held six hearings throughout the region
Aprii 16 to 26 to gather data from state povernment and
industry officials on acid rain. At the April 19 hearing in
Hartford, Kennelly said the caucus will try to develop a
uniked regional position before the reauthorization bill
comes to the House floor. :

Connecticut's Environmental Protection Commissioner
Stanley J. Pac testified that the Air Act “is {ll equipped to
deal with the transport of pollutants from one state to
another.” He said the two sections of the Act that deal with
interstate poliution problems, Sections 110 and 126, “place
an impossible burden on a receptor state to prove that a
stationary source in another state is emitting air pollutants
in amounts that prevent us from attaining or maintaining
national primary or secondary standards.”

Pac supported a uniform “emissions cap” of 1.2 pounds of
sulfur dioxide per million British thermal units for utilities,
sa that there would be “an equality of sacrifice between all
the states within a regional air shed.” He asserted that “the

5-12-82
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states that are the worst polluters are also the ones that are
{rying to delay this roll back.”

Support for inciuding additional interstate pollution trans-
port protection in the Air Act also came from John Rath-
geber, vice president of the Connecticut Business and Indus-
try Association. Rathgeber testified that the association
would support legisiation to require Midwestern states to
move to sulfur dioxide emission levels comparable to those
reflected in some New England standards.

He said the industry group is opposed to § 1706, which, he
said, “wonld penalize the regicn for taking early steps to
responsibly limit fossil fuel burning emissions” and other
measures that “would unreasonably restrict New England’s
fuel choices.” : ‘ '

Connecticut Air Quality Director Leonard Bruckman tes-
tified that only federal legislation and Environmental Pro-
tection Agency enforcement actions can stop out-of-state
sources from causing air pollution problerns like acid rain.
Current bills to amend the Clean Air Act — HR 5252, §

' 2266, and S 2307 — “would resuit in a significant weakening

of our nation’s clean air efforis,” Bruckman said. “But as
bad as these bills are for the provisions they contain, the
areas that aren't addressed, such as toxic air pollutants,
Interstate transport, and acid rain, are potentially more
damaging to Connecticut’s air quality,” he testified.

[ 6 Siates

FIRM TO PAY $t.84 MILLION TO FILTER -
ASBESTOS TAILINGS FROM LAKE SUPERIOR

A U.S. federal judge April 23 dismissed a case against the
Reserve Mining Company and its parent companies for
dumping asbestos fibers into Lake Superior from 1955 to
1980 in violation of the Federal Water Pollution Conirol
Act, since all 23 parties have agreed to a “fair settlement,”
according to a Justice Department attorney (U.S. v. Re-
serve Mining Co., DC Minn, No. 5-72-Civ-19).

The defendants will pay $1.1 million to Minnesota to
reimburse it for grants to four North Share communities.
These communities built water fltration systems under a
1974 court order, which found that the asbestos fibers being
emitted by Reserve Mining posed a potential health hazard.
The comamunities subrogated their claims to the state, and it
sought reimbursement from Reserve Mining.

Duluth will receive $740,000 from the defendants as reim-
bursement for building its filtration system under the same
court order. '

Justice Department lawyer Dean Dunsmore told IER
April 27 that the Federal Government has not been partici-
pating in the litigation for the last three years and that
Minnesota has been doing most of the arguing in the last
several years,

All parties have signed the stipulation to the settlement
figures discussed above, but not all have signed the stipula-
tion to end the litigation and the Minnesota district court’s
continuing jurisdiction. None of the attorneys contacted felt
there would be any last minute problems with the latter
stipulation and dismissal.

Firm In Compliance

Reserve Mining is currently operating®ts taconite oper-
ations under state permits and appears to be in complete
compliance with the terms of those permits, according to
Jim Schoessler, Minnesota special assistant attorney gener-
al. The taconite ore is processed into pellets, which eventual-

Copyright © 1982 by The Bureau of National Alairs, Inc. S
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MORTALITY OF WORKERS IN TWO MINMESQTA TACONITE
MINING AND MILLING QPERATIONS
W. Clark Cooper, MD, Otto Wong, ScD, and Robert Graebner, MPH

SYNOPSIS

Mortality during the years 1947-1983 was studied in 3,444
men employed for at lTeast 3 months in Minnesota taconite mining
operations during the years 1947-1958. _ During 86,307
person-years of observation there were 801 deaths for a
standardized mortality ratio (SMR) of 88 (U.S. white male
rates) or 98 (Minnesota rates); The 41 deaths from respiratory
cancer were fewer than expected, the SMR being 61 {p 0.01)
(U.S. rates) and 85 (Minnesofa rates). There were 25
respiratory cancers 20 or more years after first taconite
employment, for an SMR of 57 (p 0.01) (U.S. rates). SMR's for
colon cancer, kidney cancer and lymphopoietic cancer were
elevated, but below the level of statistical significance.
There was one death from pTeural mesothelioma, 11 years after
first taconite empioyment, in a man with long prior employment
as a Tlocomotive operator. The pattern of deaths did not
suggest asbestos-related disease 1in taconite miners and

miliers.




Footnote for page 1:

Occupational health consultant, 3687 Mt. Diablo Blvd.,
Suite 320, Lafayette, CA 94549 (Dr. Cooper); from Environmental
Health Associates, Inc., 520 Third Street, Suite 208, Qakland,
CA 94607 (Dr. Wong and Mr. Graebner)

Address correspondence to: W. Clark Cooper, 3687 Mount

Diablo Blvd., Suite 320, Lafayette, CA 94549
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MORTALITY QF WORKERS IN TWQ MINNESOTA TACONITE
MINING AND MILLING OPERATIONS

W. Ciark Cooper, MD, Otto Wong, ScD, and Robert Graebner, MPH

INTRODUCTION

Taconite is a hard, fine-grained, fron-bearing rock which
after World War II became the principal form of iron ore mined
in the United States, as natural hematite reserves became
depleged. By 1978 it provided nearly 90% of the iron ore used
jn U.S. iron and steel industries. Of this, over 60% came from
the Mesabi Range in Minnesota, where a deposit about 110 miles
long and 1 to 3 miles wide extends roughly east to west from
Babbitt to Grand Rapids.

The eastern end of the taconite ore body has been found to
contain amphibole minerals in the cummingtonite-grunerite
series, some of which are fibrous and similar to amosite, a
type of commercial asbestos. When such fibers were found in
the water supply of Ouluth, 50 miles southwest from the point
where mine tailings from one of the taconite processing plants
were being deposited, there was concern as to possible effects

on health, Concurrent with drastic measures to prevent




effiuents from entering Lake Superior, studies were begun to
determine if there was any evidence of effects on the health of
Duluth residents, with concurrent studies of workers in the
taconite mines and mills., So far such studies have been -
negative (1,2,4,5,6,7).

Two of the investigations of taconite workers involved
analyses of mortality. The first, by Higgins (6), was based on
5,751 men employed by the Reserve Mining Company for one year
or more in the period 1952 to 1976, and observed through
7/1/76. There were 298 deaths during 77,400 person-years of
observation, with no significant excess deaths from any cause.
Respiratory tract cancers were slightly fewer than expected,
and no mesotheliomas were observed. The second study, by
Cooper (7) involved 3,444 men who had worked in either the Erie
or Minntac taconite operations for at least 3 months prior to
January 1, 1959, They were observed through December 31, 1977,
and there were 489 deaths during 69,306 person-years. There
were no excess deaths from lung cancer or any other major
cause. It was fe1t; however, that the results should be
interpreted with caution, since only 8% of thé person-years of
observation were 20 or more years since first opportunities for
exposure in the taconite industry, which did not begin to any

major extent until 1947.




The present vreport is based on observation of the
Erie-Minntac cohorts for an additional 6 years, through 1983,
increasing the person-years of observation to 86,307 and the

total number of deaths for analysis to 801.

MATERIALS AND METHODS

Choice of study population. When the study was being

pianned in 1978, descriptive data ffom all operating taconite
mines in the U.S. was reviewed. There were only five which had
begun operations before 1958. One of them, Reserve Mining
Company, was already being studied independently. Two were
relatively small and were located in Michigan. It was decided
to limit the study to the Erie Mining Company (Erie) and U.S.
Steel Corporation (Minntac), which would provide populations
based in Minnesota, and which, when added to the Reserve mining
population, would encompass a large proportion of those engaged
in early taconite operations.

Data collection. Demographic and work history information

from Erie was obtained from individual formé supplied by the
company, which were based on Social Security Administration
(SSA) and plant records. Four thousand forms were received
giving name, social security numbers, hire dates, termination

dates and successive job assignments for all former and current




employees (as of December 31, 1977} who had waorked prior to
January 1, 1959, After exclusion of female employees, those
with missing birth or hire dates, and those having less than 90
days employment in a Jjob with potential taconite exposure
before 1/1/59, a population of 2,764 men qualified for the
study. Four of these had also worked at Minntac.

Data from the Minntac mine and mill were collected in a
more conventicnal way, being based on summary cards on file in
the plant for all individuals empicyed since operations began.
An experienced research analyst from EHA miérofi]med 800 such
cards for all individuals who appeared to meet the study
criteria. Ffrom these, 680 ultimately qualified, including the
four who had also worked for Erie.

Classification of jobs and exposures. The occupational

exposures which were of most interest were those to
particulates which might be classified as asbestiform, i.e.
with 3 to 1 aspect ratios. However, there were no industrial
hygiene data upon which to make direct estimates of past
expasures to such particulates. There was quantitative
information, however, on non-fibrous airborne dust which had
been collected to evaluate quartz exposures. These provided a
foundation for ranking the relative dustiness of work areas and
jobs, when supplemented by subjective appraisals from plant

personnel and industrial hygienists.




The work arezs or departments in which employees worked
were coded as follows: Mining - 01; coarse grinding - 02; fine
grinding - 03; concentrating - 04; pelletizing - 05; general
plant - 06; pellet handling - 07; maintenance - 08; service -
09; non-tacenite operation - 10; non-study plants - 11; power
plant - 12; preliminary taconite plant - 51; Erie's Hibbing
laboratory - 52; taconite contracting company or TCC - 53.

Each job title within a work area was also assigned a two
digit code. Each work area Jjob title combination. was
characterized in terms of relative dustiness, 00 = pon dusty;
01 = least, 02 = intermediate and 03 = highest. For analysis,
it was therefore possibie to describe each individual's periods
of exposure both in terms of relative dust exposures and in
terms of the stage in mine operations.

Followup. Initial followup through 1977 was based on
determining cohort members known by the plants to be alive
because they were still employed, receiving pensions, or living
in the lecal communities. Rosters of those whose status was
unknown to the plants were sent to the Social Security
Administration (SSA) for followup through 1977 and again
thréugh 1983. SSA provided lists of those presumed (1} to be
alive because of continued contributions or payment of

benefits; {2) to be dead because of notification of death




having been reczived. There remained a residual group whose
vital status was unknown to SSA or to plant personnel.

Determining and ceding causes of death. For all who were

reported dead, requests for death certificates were sent to the
offices of vital statistics in the states of residence or
death. The certificates which were obtained were filed and
utilized with careful consideration of restrictions impased by
many of the states.

Causes of death were coded by a certified nosologist
according to the 7th or 1955 Revision of the International
Classification of Diseases. This involved translation, when
necessary, of causes coded by the 8th (1965) and the 9th (1975)
revisions to correspond to the rubrics in the earlier
classification which had been the basis for the initial study
of the cohort.

The numbers of dead workers for whom death certificates
were not obtained is shown in individual tables. Based on the
assumption that causes of deaths in these individuals had the
same distribution as those that were certified, the
cause-specific  mortality ratios  should be  increased
proportionately.

* Analysis of data. Cohort members were considered as under

observation from three months after their first exposure in a

taconite operation until December 31, 1983, or the date of



death, whichever occurred first. Those whose vital status was
unknown as aof the study cut-off date of December 31, 1983 were
considered under observation through the last date they were
known to be alive, which could be the date of termination or,
jn those alive at the conclusion of the previous study,
December 31, 1977. This is a compromise between dropping those
of unknown status from the study, which would underestimate
person-years of risk, or treating them as alive until 12/31/83,
which would overestimate person-years.

The numbers of deaths observed were compared with the
numbers expected, and expressed as standardized mortality
ratios (SMR's) by use of the Occupational Cahort Mortality
Analysis Program or OCMAP (8). The U.S. white male population
was the basis for comparison, since it was known that there
were very few non-whites in the study populaticn. Limited
comparisons were also made with the numbers of expected deaths
based on Minnesota death rates.

Tests for statistical sianificance. The statistical

significance of deviations of SMR's from 100 were tested by a
method assuming a Poisson distribution (9,10,11); 95% (p 0.05)
and 99% (p 0.01) confidence limits were calculated.
Sighificantly high or low SMR's will be indicated in text and

tables, by an asterisk (p 0.05) or double asterisk (p 0.01).




A two-tailed test of significance was used, as there was
no a priort justification for assuming that the effect of
working in a particular occupation could only have the effect

of increasing an SMR.

RESULTS

Descriotion of the studv population. There were 3,444 men

who met the study requirement of having been employed for 3
months or more in taconite operations at some time prior to
January 1, 1959. Of these, 2,764 were Erie employees, 676
Minntac employees and 4 had worked in bath plants. More than
half were born before 1925, with the mean birth year being
1922, The average age at the beginning of followup was 33.2
years.

Table 1 summarizes the distribution by the year of first
accupational expasure to taconite, from 1947 through 1958. By
December 31, 1983, 25 years had elapsed for the 1958 hires and
36 years for the 1947 hires. For 19.8% of the population,
thosz hired in 1953 or earlier, 30 years had elapsed. Thus
there were ample opportunities for diseases with long latency
to become manifest.

Prior occupational expasures. Only 1,968 cohort members

had information on prior employment in their files. Of these,




1,223 had prior hematite mining experience. No separate
analysis was made of this subcohort.

Followuo and death certificate search. The vital status

of 3,249 (95.8%) of the 3,444 cohort members was determined as
of 12/31/83. As shown in table 3, 2,498 (72.5%) were known to
be alijve, 801 (23.3%) were dead, and the vital status of 145
(4.2%) was unkncwn. The latter fell into two categories: about
80 for whom neither SSA nor the plants could supply any
information, and 55 in which there were discrepancies between
names and social security numbers. Some of the latter might
eventually be located.

The total number of person-years of observation was
86,307, of which 40,092 (46%) were after 1969 and 24,685 (29%)
were after 1974. The 801 deaths represented 9.3 per 1000
person-years.

For the 801 deaths, certificates were obtained for 778,
leaving 23 (2.9%) with unknown causes of death. This results
in a slight understatement of cause specific mortality ratios.
If one assumes that the wunknown causes had the same
distribution as these known, each cause spetific SMR in the
total cohort would be increased by 3.0% (23/778).

< Standardized mortality for the total population. Table 3

summarizes deaths for major causes in all members of the cohort

for the periocd 1959-1933, compared with deaths expected in U.S.
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wnite males during the same years. The SMR for all causes was
88**, a highly significant difference from the U.S. average,
but consistent with the healthy werker effect (i.e. those able
to work usually have better than average health). There was a
significant deficit in total deaths from malignancies (84*).
Deaths from respiratory tract cancer (SMR = 61**), largely due

to lung cancer (SMR = 59%**)  were strikingly low. There were

[}

elevations in SMR's for cancer of the large intestine {SMR

i

128), kidney (SMR = 185) and the lymphopoietic system (SMR
117), but none of these was statistically significant at the
95% Tlevel. Deaths from heart disease and other circulatery
diseases were significantly fewer than expected (SMR = 89*},
This largely represented a favorable  pattern for
arteriosclerotic heart disease (SMR = 85**), which is strongly
influenced by the healthy worker effect. Deaths from
non-malignant respiratory disease, which would include
silicosis and asbestosis, were significantly below expected
(SMR = 66*). As 1in the past, there was a non-significant
excess of deaths from external causes, including accidents and
suicide.

Deaths related to duration of emoloyment and observation

period. Table 4 summarizes the total deaths and SMR's based on
the duration of employment in jobs with potential taconite

exposures and periods of observation from the beginning of such
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employment.  Excent for a slight upward trend in Jlater
observation periods, presumably attributable to the healthy
waorker effact, there was no striking pattern.

Table 5 similarly summarizes deaths from cancer of the
respiratory tract, which showed no positive correlation with
either length of exposure or time since exposure began. In the
observation period 20 or more years since first exposure, the
SMR was 57**, based on 25 deaths.

Deaths related to Tlevel and type of exoosure, To

determine if there was any suggestion of excess risk associated
with level or type of exposure, the SMR's for a few causes of
specfa] interest were compared in several subcohorts. As can
be seen in table 6, there was no evidence of any unusual
pattern.

Occurrence of mescothelioma. There was one death

attributed to pleural mesothelioma, in a 62-year-old white
male. It had been classified as due to benign neoplasm, in
conformity with the 1955 Revision of the ICD. Although the
worker involved had been employed for 40 years, his exposures
to taconite began only 11 years before his death. Prior
employment had been principa?iy as a locomotive fireman and
engineer, in which there could have been exposures to asbestos

from boiler insulation.
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Standardized mortality ratios using Minnesota death rates.

Minnesota death rates are Tower than U.S. rates for a number of
causes. When they were used for determining expected deaths
(table 7), the SMR's were higher for total deaths (98), total
neoplasms (95), gastrointestinal cancer (97), respiratory
cancer (85), and trauma {123*). Only the last reached a Tevel
of statistical significance at the 95% level. The SMR far
lymphopoietic cancer dropped to 108, as rates for this cause in
Minnesota are higher than national rates. The available
program did not separate kidney cancer from bladder cancer, but
the two combined showed an SMR of 164, based on 15 cases; this
was not a significant elevation. The corresponding combination
in our study (not shown in tables using U.S. rates) had an SMR
of 150.

When the analysis using Minnesota rates was 1imited to
observation twenty years or more after first exposure, the
findings were essentially the same, the SMR for all causes
combined being 102, that for all neoplasms being 92,

respiratory cancer 98 and lymphpoietic neoplasms 111.

. DISCUSSION

The original study and the current extension were carried

aut because of the possibility that cummingtonite-grunerite, an
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asbestiform mineral found in some Mesabi Range taconite
deposits, might cause asbestos-related disease, such as lung
cancer. There is no evidence of such an effect. Respiratory
tract cancer deaths were 39% fewer than expected, based on
comparison with U.S. white males, and 15% fewer than expected
when compared with Minnesota white males. Even when analysis
was limited to deaths 20 or more years after first exposure,
which provided ample opportunity for the leading edge of any
excess in latent tumors to appear, there was no excess. The
number of expected cases of respiratory tract cancer was
sufficiently high to give the study considerable power. One
can say with 80% probability of being correct (alpha = 0.05 and
beta = 0.2) that the SMR for this cause in the total cohort
could have been no greater than 132 using U.S. death rates, and
no more than 135 wusing Minnesota death rates. The
corresponding SMR, using U.S. rates, for those with 20 or more
years potential latency could have been no more than 141.

There were no deaths from asbestosis. The only death from
mesothelioma was in a man whose exposure to taconite began only
11 yearé before his death; he had worked "as a locomotive
fireman and  engineer for  thirty  years previousty.
Mesotheliomas rarely occur §ooner than 20 years after exposure
to éébestos and commonly occur after 30 or more years, It is

therefore plausible to hypothesize that asbestos from
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locomotive boiler insulation was responsible for this tumor.
Cne can be fairly certain that it was not due to taconite.

The small excess of kidney cancer deaths (9 vs. 4.9
expected) is probably not related to occupational exposures.
Because of the small numbers, there is at least a 1-in-20
likelihood that the excess occurred by chance. There was no
apparent correlation with either type or duration of exposure.
Higgins (6) reported 3 wurinary tract cancers (bladder plus
kidney) with 2.97 expected, for an SMR of 101, in men employed
by Reserve Mining Company for at least one year. Although
Lawler et al (7) found 15 kidney cancer deaths with 9.3
expected (SMR 161) in above-ground hematite miners in
Minnesota, underground hematite miners had no excess (11 with
11.1 expected).

The pattern of mortality observed in these cohorts does
not suggest that dust exposures associated with taconite mining
and milling are having any adverse effects on health. The
continued deficit in deaths from lung cancer is especially
reassuring. If asbestiform minerals were initiating such
tumors, one would expect some excess cases‘ to have become
apparent, since all members of the cohort had begun employment
in the industry at least 25 years before the end of the
observation period. Studies of workers exposed to commercial

asbestos have shown that excess deaths from lung cancer usually
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become apparent within 20 to 25 years after first exposure,
although delayed effects may continue for many more years. If
there were a positive association between taconite exposures
and lung cancer, sufficient time had elapsed in the present .

study for it te have become apparent.
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TABLE 1. DISTRIBUTION OF STUDY POPULATION BY
YEAR OF FIRST EXPOSURE TO TACONITE

Year Number Percent Cumulative Cumulative
number percent

1947 2 0.1 2 0.1
1948 122 3.5 124 3.6
1949 41 1.2 165 4.8
1950 61 1.8 | 226 6.6
1951 57 1.7 283 8.2
.1952 103 3.0 386 11.2
1953 295 8.6 681 19.8
1954 283 8.2 964 28.0
1955 425 12.3 1389 40.3
1956 308 8.9 1697 49.3
1957 1283 37.3 2980 86.5

1958 464 13.5 3444 100.0




‘,i!

20

TABLE 2. STATUS OF STUDY POPULATION AS OF
DECEMBER 31, 1983

TOEAT tereinnereinanernennnaaaness 3,444 (100%)
Y - 2,498 (72.5%)
UNKNOWN L evevnenneeroaoanonannanns 145 ({ 4.2%)
DEAA vvvinisesasesonssaneenasnnnns 801 (23.3%)
With certificate ...... 778 (97.1%)
No certificate ........ 23 ( 2.9%)
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TABLE 4. DISTRIBUTION OF TOTAL DEATHS, WITH STANDARDIZED
MORTALITY RATIOS (SMR's) BY DURATION OF EMPLOYMENT
AND OBSERVATION PERICDS (COMPARISON WITH U.S.
RATES)

Duration of Observation period (years from first taconite exposures)

Empioyment 10 10-19 20 Total
(Years) Mo. SMR  No. SMR No. SMR No. SMR
0.25 - 0.99 24 81 56 126 83 110 163 109
1 -4.99 37 76 47 ~ 74* 132 85 216 glx*
5 - 9.99 28 77 21 66 75 89 124 81*
10 or more - -~ 77 69** 221 95 298 87*

Total 89 77* 201 80** 511 93 801 88**
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fag EE

TABLE 5. DISTRIBUTION OF DEATHS FROM RESPIRATORY CANCER
{1CD 160-65) STANDARDIZED MORTALITY RATIOS (SMR's)
BY DURATION OF EMPLOYMENT AND OBSERVATION PERIODS
(COMPARISON WITH U.S. RATES)

Duration of Observation periods (years from first taconite exposures)

Employment 10 10-19 20 Total
(Years) No. SMR No. SMR No. SMR  No. SMR
0.25 - 0.99 1 87 3 97 8 50 7 68
1 -4.99 2 100 4 93 7 65 13 76
5  -9.99 2 103 1 46 2 32 5 48
10 or more - — 3 34* 13 62 16 53**

Total 5 98 11 59 25 57*x 4] ol**
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MORTALITY PATTERNS AMONG HARD ROCK
GOLD MINERS EXPOSED TO AN
ASBESTIFORM MINERAL*

J. Dean Gillam.* John M. Dement,t Richard A. Lemen,t
Joseph K. Wagoner,® Victor E. Archer,”
und Hdéctor P, Blejer t

National Institute for Occupational Safety and Health
Center for Disease Control
Public Hvealth Service
Department of Health. Education. und Welfare
¢ Salt Loke City, Utah 84108
t Cincinnati, Qhio 45202

INTRODUCTION

The first suggestion that asbestos could be a carcinogen was made by
Lynch and Smith in 19357 as they had noticed an association between ashostnsis
and lung cancer. Since then, all forms of commercial asbestos have repeateiily
been shown to be carcinogenic in man. and data from animal surdies nave
corroborated these findings, In 1960 Wagner ef al¥ reported that plewral and
perifoneal mesothcliomas occurred among asbestos miners accupationally ex-
posed to crocidolite in certain arcas of South Africa. From 1960 to 1971,
studies of anthophylite miners in Fintand by Kilviluoto® Mceurman,® and
Meurman er al? reporied significantly increased proportional mortaluy from
bronchogenic carcinoma. In 1972, Sclikofl er al® demonstrated a sevenfold
excess of lung cancer among insulation warkers with 20 or mare yeiars since
their first exposure to amosite asbestos. In 1973, Wagoner ef al.i reported
results of a2 mortality study of ashestos workers occupationally cxposed pre-
dominantly 1o chrysotile and demonsirated signiiicant increases in lung cancer
and asbustosis.

In 1972, the Nutional Institute for Qccupational Safety and Health (N1OSH)
recommended an occupatronal standard for ashestos exposure of 2.0 ashevtos
fibers greater than 5 pm in length per cubic centimeter of awr. as an 8-hr
time-weighted average duily concentration. This standard was recomnicnded
with the recognition that it would “prevent asbestosis and more adeguately
guard against ashestowinduced neoplasins.™*  In developing this standard,
WNIOSH recogntzed the need for additional rescarch due to “the lack of cpi-
demiological studies or clinical reperts with supperting environmental data in
the exposure range that must he considered™ and “the fack of definite informa-
tion on the biologic response of fibers of dilferent size.”™ "

Further nced Tor rescasch on possible adverse health etfects of occupationnl
and nonoccupatinnal exposures o nenvcanumercial ashestos hibers, and anbestns
fibers shoeter than 5 jon, was beonght out at recent court hearings Tor @ anmng
company in Minnesoti and s disposal of ticonite aidmgs® Expert testiimony

¥ A aynopsiv of this papcr. aling with comments and rebuital, are available from
the Navtiona: Tovimiva! Tnfmnmtion Sorvice, Spingheld, Y, 2218t
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As shown in Tapte I, from April 1960 theaugh December 3, 1970 o
toral of 71 deuths occurred amonyg these gold miners, as contrasted with §2.9
expecied deaths, aa excess significant at p < 005, The distribution of these
deaths was such that the only significant excess of mortality occurred in the
respiratory system category. This cxcess was not specific 1o any response.
Ruather, it showed up both for respiratory malignancies (10 observed vs 2.7
expected, p <001 and for respiratory nonmafignancies (8 observed vs 1.2
expectad, p < 0.N5). A signilicant excess of deaths alse oconrred o the cate-
gory “other accidental deaths”™ (p < (L05). OF the nine observed deaths i the
“all other causes™ categary, 3 (33% ) had meation of pneumaconiotie disease
on the death certifieate.

A more delailed analysis of respiritory discase mortality, hoth malignang
and mopmsalignant, by time intesval sinve onset of underground emplosment ot
the mine, appears in Tante 2. The mortality pattern in this Tuble shows an
cxcess of nonmalignant respiratory discase in general (8 ohserved vs 250
expected, p < 0.01), und of pneumoconiche disease specifically (3 observed v
1.57 expecied, p < 0.05). to have occurred after X0 years since onset of under-

Tamie |

Lae

L 7d 7

OnsrrvEn aNp Exrrcrio Deatns Accorning 10 CAUSE AMONG WHNTE Matres -
Wio HAp 5 OR MORE Y5ARS OF UNDIRGROUND MINING FXPERIENCE Y APHIL 198U, i
Harp Rook Gowo MiwNt, Soutit (1wko1a

o

———r - A e i 4 ——— A d— ot 8 W —— - . R r

Total [
Cause of Death 1Ico Obs.  Exp. . A
Malignant neoplasms 140205 15 97 O ke
Respiratary system 160164 10 27 —
' - 140-459, i85 L.
Other 176205 A :
Viascular lesions of central nervous sysiem 330-334 & 2 !'f
Diseases of the heart 400443 25 25.2 i, kb
§
olinant resnir: — . 470-493 -
Nonmalignant respiriatory discases - S00-527 8 12t : r.\
Influcnza and pocumonia 480-493 3 (3. |
i 20479 -
Other u‘\{\lf.lll)f) diseares S s00-527 5 LY o
Accidental deaths RDOLY62 3 $2- ' i"'
Muotor vehitle RIN-RIS 0 23 ! .
R0 ROY . . £
(ther K4U-062 ¥ 2 ot
. All uther causex 4 6.5 SR PN
Torl ' . T I A Do
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I Significant al p .03, ¥
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Tt : , Gillam ¢1 al.z Asbestiform Mineral Exposure 339
) . B
Famsl. 2
. ; Onstrvite aNn Fxetears IDagns Ien 5o Matuw.Nang ann NONMATIGNANT
s Resria1ory Distast antong Wikis Mues Wao Actiivin 5 ok Mown Years
|- : oF UnmiRarounn Goin MINING FXrr gIeNCE By APRIL 1964,

Haro Rock Gouin Mim)

. Soutn DakoTa

Nummber of Years Since Oneel
of Undu}.muntl l mplnymml

A

]

14 M\W"
2k
v~ .

ATy,

ST

e

- 5-19 Years >20 Years B
Cause of Death ICD QObs, Exp, Obs.  Exp. ] 3 ‘?
T mem e e —— — - -
Aulignant ncoplasms 14205 4 214 11 7.5% fay
Respiratory system Lo 164 3 HEL R 7 2184
- ' 140159, 165
Oiher
170-205 I 1.58 4 541
R .
. . . 470-493
Nonmualignant respiratory diseascs
. I3 P b4 SO0-527 0 0.59 g 2561
Influenzia and pncumonia J%0-493 [i] 0,31 3 0.99
Other respiratory diseuses 470479 0 0.28 s 1.57
500-527
¢ Significant at p <0.05.
¥ Significant s p «ZO001,
L]
ground gofd mining. No such excess of nonmalignant respintory discase risk
was noted during the tirst 19 years alter first exposure. A signilicant excess of
respiratory tract cancer was demonstrable at each time interval since onsct of <
underground munme: 3 observed vs 0.56 expected {p < 0.03) at less than 20 tl.
years and 7 observed vy 2,18 expecied {(p < 0.01) at 20 or more years since ' \
onsct of such employment. !
Analysis of the site of the 10 respiratory caneer deaths revealed that cight ;
o were primary bronchogenic carcinemas, one was o carcinoma of the maxiflary
sinus. and onc was a mediastinal carcinoma {votherwise unspecitied). -
InpusTrIAL HYGIESE STUDY o }
51,
L Ocenpational Exposures {E h“'
jq T—
) In assessing what possible etiologic agentis) contnbuted to the observed ‘\i ;
L - exeess of deaths dug 1o pualignant and gonmahgnant respiratery disease in this i
population, the environmental contaminants to which these miners were ex- RS
posed ntust be considered. The ore body of the nune under study lies within R
metamorphosed precambrian sedimentary formanons, in which the major min- s k
cral components are quartz, cummingtoaite-gruoerite. and sellides, including b
arscnopyntes.! Other minor constituents of the are are siderite, biotite, ankente, 3
chivrite, and hornblends. e
Environmental coaditions at this mine have been the subject of several BRI
industrial hygiene investigations. In 1960, the Burcau of Mincs. during ils A
silicosis study. collected impinger samples to evaluate free silica exposures 1o .
r fa
- »
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gnderground miners.” These samples showed an average airborne dust con-
centration of 1.7 X 10¢ particles per cubic foot in miners’ breathing zones,
whereas airborne and settled dust samples showed an average free silics content
of 39%. Given a 9% (ree silica content, the Qccupational Safeiy and tHeahh
Administration (OSHA)Y 8-hr time-weighied average standard for occupationa
exposure to free stica would he approximalety 5 X 10% particles: ft'. Thus,
free silica exposures were well helow the present applicable OSHA siandard.
Semiquantitative x-ray spectographic analysis of an underground <ettied dust
sample taken duriny this survey for arsenic, chromium, and nickel showed trace
concentrations (<0015 ). Ruadon daoghiers were not detected as sampled
with instruments that had a lower limit of detection of D01 working levels, a
tevel within the range of general ambient indoor residential exposure.

In 1973, the Rurcau of Aines. under its Mine Foforcement and Safery
Administration ( MESA) program, conducted further environmentad studics ut
this mine. With peesonal samiplers, o {ofal of seven working shifts were sampted
for respirable and total dust concentrations.  X-ray dilfraction analyss of the
respirable dust showed an average free silicg content of 13177 Al samples of
mining personnel exposures showed averape hreathing zone dust concentrations

Tante 3

RESULTS 0F AMIcRasCoric loeNtricaTion oF AIRMORNE Fronrs ny MEaNS
oF ELICTRON DI FRACTION ajn X-Ray Serciromi ey, Haro Rock Golp MINE,
Soutn DakoTa

Fibtrous Unknown
by Electron Gruncrite Fibrous Fibrous
Diffracticn (Amaosite} Cuommingionite Hurnblend
(%) (%) (%) - T8 (%)
80-90 60-70 1-2 1015 =20

below the OSHA standard for free sifica, In addition to air samples. material
samples af the ore were analyzed far ashesos by scanning electron nricroseopy
by means of cnergv-dispersive X-ray technigues. Numerous fibrous purticles
were obseeved. Their identification was not deternined, however.

Concern for possible worker exposure 1o ashestiform nineraly at this mine
thea spurred a 1974 investigation by MESA® During that atudy. approxi-
mately 200 personal membraoe filter samples were callected over ull workmg
shifts. Fiber concenteations were deterpuned with the NIOSH phase-contrast
optical microscope analvtic methad for asbestos fibees. The average fiher con-
centration was found to be 0.25 fibers greater than 5 gm n feogth/em; the
highest single concentration founmd way 2.8 fibers/em’

In wddition, the conteni of arsenic, chromium, sl picket componnds of
the ore at thiv time wits quantified by x-ruy Quorescence anadysis (o be Joss than
GOLS, 0,035 aud 001657 respectively.

To perform further amalvsis of the fiber exposres at this nune, portions of
all 200 ate saunples collected by MESA durmg v enviranmental sursey wese
made avalable to NIOSH.  Pawendyfive ot these 2000 air samples wih the
fhighest tiber coucentrations, as determused by ophical nperoscopy, were sefevivd
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Tanty 4§

AIRBORNDL  FIM R CoNCEUNTRALTDNS Ay {2111 RMINLD
sy ELeciroN Microscorr Fhni g Cousrs o HLOD x A aGNIFICATION, '
Harp Rock Gain Mise, Soutn Dakora {(N=22

Fiber Coacentriutions § lihcrs/cm‘)

Expusure A . e m cmmm—rmr 4 e am e e e
Measure “Total Fibers Fiber >5 ,um
Mean = SE ' 4822068 0.36£0.08
Range 0.66x11.79 0.07%1.29

by NIOSH and were analvred by analytic transmission cleciron microscopy via
selected-sren electron diffraciion and encrgy-dispersive x-ray analysis to deter-
ming fiber idennlication, concentration. amt size distributions,

TABLE 3 shows the results of the NIOSH eleciron nderoscope identification
of airborue fibers present in this mina. As can be seen, 80-Y0%% of the airhorne
fibers were fibrous amphiboles, and 6D-704 of the latter were hbrous grunerite
(amosite). Fibrous cummingtenite comprised 1-2¢+ of the amphiboie libers,
and fibrous hornblends constituted an additional 10~15%  of these libers.
Approximately 20 of the libers were cither 1oo thin or o thick 1o give
definitive amphibole diffeacton patierns by direct observation on the clection
microscope viewing sereen. A farge majority of these fibers, however, had x-ray
speetra identical 1o those of amosite ashestos.

Average airhorne fiber concenteations in this mine, as determined hy clec-
tron microscopy, arse shown in Tasce J4, With the transmision celectron
microscope, total fiber concentrations wese found 1o average 482 fibers/em’,
whereas concentrations of fibers greater than § pm in length averaped 0.36
fibers/cm. In addition, the median liber diameter and fength were found to
be 0.13 and 1.1 gm, respectively: approximately 94 of the airburne fibers
were Iess than 5 am in length. Summary statistics for the liber size analyses are
shown in Tanre 5.

In addition to ashestos Bher anulyses of these samples, enerey dispersive
x-ray analyses were performed on airharne pacticles to determine the form of
arsenic present in the airborne dust. All particles so analyzed were found 10
be arsenopyrite ( FeAsS) af estremely low concentrations.

Tamk §

SUMMARY OF AIRBORNE Fini R S2r DISTRIGUTIONS AS DETLRMINED
BY ELECTRON MICROSCOPY, Hakp Rocx Goip MINE. SouTi DAR0TA

Sunmimary Statintic Diameter Lenpth
(‘oum median size, A=2111 1um) . 0,13 [.1¢
Creometric Standard Deviation * EAR) 270

95 Co conﬁdume interval for count median size (uf) 0.128-0.144 1.07~1.15

* Data fitted to log normal daslnhuuons by probit .maiys:s and hncar regression
(v >0.90).
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T

Engineering controls in this hard rock gold mine have been quite good for
many years. During its 1960 study.’® the Burcau of Mines observed extensive
use of mine ventilation, wet drilling, and wetting of the work site 10 control
dust exposurss. Ore pockets and transfer points were also equipped with water )
sprays. The effectiveness of these contrals is apparent by observation of the .
Jow free silica exposures and radon daughter air levels measurcd during the D
1960 survey ** and the MESA 1973 studyv.!’ ) P

These mecthods would have been cqually cfleclive in controlling expostires - L"“
to all dusts, including asbestos fibers. compounds of arsenic, and trace metals. . r&m
Based on ohscrvations of present and past use of cagincering controls and their S
cffcctiveness, as- demonsrated by the Burcau of Mines 1960'* and [973 1 T
dust surveys, it may be adjudged that past exposures to ashestos fikers were not
significanily different from these found by the 1974 MESA survey.'* Further
cvidence 1o support low present and past airborne exposurcs to arsenic and
trace mctais arc the low arsenic and trace metal contamination Jevels found in
mine ore and setticd dust samples ¥ '+ and the low respirable mass concentra-
tions measurcd by the Burcau of Mincs in 1973.42

The role of such extremely low levels of radon daughters in the cliology of
Tespiratory tract cancet has been found 1o be noncontributory, as demonstrated
previously among underground potash miners. '

The role of cizarette smoking also must be taken into accounl. Smoking
histories obtained during the 1960 silicosis study of this hard rock gold mine
indicated that these miners smoked far less than did underground tranium
miners.  Aithough a known faciet in the causation of lung cancer, it has been
estimated in studies of underground uranium miners that such smoking by itseif
would increasc the expected lung cancer death risk by no more than 49% .°
Cigarette smoking, therefore, could not zccount per se for the ohserved .in-
creased respiratory cancer risk among these gold miners, Consequently, ex-
posure to fibrous gruncrite (amosite) stands out as the prime cliologic agent
for the increesed risk of respiratory cancer among this study cohert.

In addition to the occupational health implications of the above findings.
paralicls may he drawn between these fndings and potential health ctfecis on
general, nonoccupational populations as a result of exposure to similar industrial
waste and out-plant pracess clluents. At hcarings for a Minnesota mining .
company and its dispasal of taconite tailings and process discharges. data were :
prescoted on airborne asbestos concentration micasurements made in the vicinity
but not in the property of that company. Those sumples had been collected by
the U.S. Environmental Protection Agency and analvzed by the Mount Sinai -
School of Medicine, City Universily of New York by mcans of clectron micros- ’
copy.** TapLE b presents a summary of those results and their comparison to
the airborne coneentrations found in the hard rock gold mine in South Dakota. y
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. The similarity both of the concentrations observed in these studies and of the C
relative prevalence of short fibers is striking: a mean concentration of 4.8 [
fibers/em® was noted in the South Dukota mine and 4.7 fiders/em® in the : :
vicinily of the Minncsota company. Six percent of the fibers in the latter mine : _
were longer than 5 xm in length, whereas 5-10% were Jonger than § pm in iy
the former arca. I addition, the fibers fram both facilities have been shown L
to have identical compasitions (fibrous gruncrite). . : "
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CoNCLUSIONS

A study among a4 group of miners expused to amphibole fibers {amosite)

~in the cummingtonic-grunerite serics. airhorne cuacentrations fess than 2.0

fibers/em® as determined by the NIOSH phase-contrast counting techniyue. and
fibers shorter than 5 pmin length has démonstrated signiticant risks of mortalily
fram bath malignant and nunmalignant respiratory  dieise. Exposuges o
known carcinogens i the mine, other than ashestos, did notl exceed normal
ambicnt residential levels for radon daughters or were adjudged o be negligible
for arsenic, chromiunm, and nichel. The observed excess of maiignant respica-

lory disease can, therefore, be attributed to ashestos, singly or m combination

with cigarette smoke, and that of nonmuhgant sespiratory disease can, there-

fore, be ascribed to ashestos, with a possible additive role from low exposures to
[ree silici dust. .

The findings of this study point to the need for reevaluation of the adequacy
af the OSIHA standard of two fibers longer than 5 pm/em®, of the deleterious
healih eficets of asbestos fibers shorter than 3 pm vis-2-vis any standard for

Tant1 6

COMPARISON OF AIRHBORNE ASESTOS Fnng ConCENERANONS 18 18L VICOINITY
OF A MINNESOTA Mining CorpaNy witi THOSE OBSIRVED IN THE STUDY MiNE,
Soutn Dirota -

Total Fiber Concentration

(Aber/em®)
Suource Mean ’Rang;‘ ' % >5um
Study mine (N=22) 4. 071-118

Silver Bay (N =6} 4.7 0.5-11.0

occupational or environmental exposure 1o sbestos. of the adeyuacy of the
present NIOSH ashestos sampling and anadyvtic methods, and of the potential
adverse health cifects among pencral. nonoccupational populations exposed to
industrisl waste Jisposals and industrizl process ¢iuents that contain trace

concentrations of svhort-fiber noncommercial ashestos nuncrals,

RUFERENCES

Voo Loynes, Ko MO & W AL Sauri, 1935, Pulmonary asbestosis Hl—carcinoma of
lung in asbeston-silicosin. Amer. J. Cancer 243 56-64.

2. WaGNER, J. C, C. A, Starges & P Marcoasn, 1960, Dihine pleural mesothe-
loma and asbestos evposure in the North-Western Cape Province,  Hrit. ).
ind, Med. F7: 2602277,

3. Kuvnvoro, Poo19ell Pleasd cadeification as a roentgenclogic sign of non-
occupintionu] endemic anthopbyllitesisbestosis. Acta Radiol. Suppl. 194: 1-67.

4. Muursman, L. Q. 1966, Asbesios bodies and plevral plagues in Finnish series of
aulopsy cuses. Acia Puthol. Microbsol, Scand. Suppl. [81: 1-107.

AP A o
" I’&.‘r“...ﬂ‘.':ﬁ*’.\‘ ~ -

o e

4

IR

P B

ST .

A

e T aenl

Cat

- e

-
e B



344 Annals New York Academy of Sciences

Oy

[~

7.

3.

it

52,

13.
14,

15.

16.

1.

18,

Y SRR,

L R

MEevrmMan, L. O, P. Kitviivoro & M. Haxasa, 1974, Montality and morbidity
of employees of anthophyllite asbestos mines in Finland. Brit. J. Ind. Med.
31: 105112,

Szuikorr, L 1. E. C. HasmMonn & H. SfioMan, 1972, Cascinogenicity of amo-
site asbastos, Arch, Enviren. Health 25: 183,

WAGONER, 3. K.. W. Jounson & K. Lrmen. 1973, Malicnamt and non-malignant
respiratory disease mortality patternx among ashestos production workers.
Congressional Record-Senate, 14 ifarch 1973, S46R0-55662,

NATIONAL INATITLTE For QccuraTianal SAFETY AnD HrzaLTH, 1979,
tional exposure 10 asbestos-criferin for a recommended standard.
H3M-1026. U.5. Governmert Printine Otfice. Washingtoa, D.C.

U.S. DistricT CoURT For MINNESOTA. 1973, United States versus Reserve Min-

* ing Comany. No. 5-72-Civil-19. .

Masson, T. L. F. W. Mekay & R, W, MILLER. 1974, Ashestos-like Rkers in
Duluth water supply: rclauon to cancer mortality. }. Amer. Med. Ass. 215
1019, 1020.

US. DisTrICT CQURT FOR MINNEsaTa, 1874, United States versus Reserve Min-
ing Compuany. No. §-72-Civil-19. Fcb, 25, 1974, Keserve Lxhibit 466,

U.S. Districy CourT ror Minnisory, 1974, United States versus Keserve Min-
ing Company. No. 5-72-Civil-19, Feb. 25, 1974 16909 Testimony by Ray-
mond Erickson, Altornzy for Rescrve Mining Company.

U.S. DEPARTMENT OF THE INTERInR, IWVRCay oF Mings, 1960, Environmental
study—~N'ne 30, Jan. 17-Fcb. 6. 1960, Internal report.

U.S. DLPARTMENT OF THE INTEmIGR, BUREAU oF Minrs. 1973, Onsite dost as-
sessment at the Homestake Gold Mine, Lead, Soumth Dakota. Internal repori

VLS. DEPARTMERT NF THE INTLRIGR, MINING ENFORCEMENT AND SATETY AD-
MINISTRATION. §974. Fiber survey, Homestake Gold Mine, Honiestake Min-

ing Company, Lead, Lawrence County, South Daolia, Sept. 2)-0¢l. 3, 1974,
Internal report,

Waxweiltr, R, L, ). K. Waconer & V. E. ARCHER.
worhers. J. Occupar. Med. 18: 486-489.

Luwnomn, F, £ 1. K. WaconEr & V. E. Arciier. 1971, Radon daughter expn-
sure and respiralory cancer—quaridilative and lemporal aspects, Nalional In.
stitute for Occupational Safetr and Health-National Institule for Environ-
mental Health Sciences Joint Monograph No. 1. U.S. Government Printing
Office. Washingeon, D.C.

U.S., Disyrucy CoUrr ror MinnesoTa. 1973, United States versus Reserve
Company. No, 5-72-Civil-19, Scpt. 6, 1973, Exhibit 62.

Ocenpa-
Publication

1973, Montality of potash

P e it
e e e i o

| I
: [—
LI
R
I
T !'I_
t j
! |
b
; Ei
Kty
Sl
i
7
. ' bam e
.7 -"*
o .
) I
i '-
! -
i '
R
i ¥ e
|
[
Cr ]
[ [}
! l
Yo
- e




.......

[T O S SRS S

MORTALITY AFTER LONG EXPOSURE TO
CUMMINGTONITE-GRUNERITE
F

by

J. C. McDONALD, G. W. GIBBS, F. D. K. LIDDELL,
and A. D. McDONALD

Reprinted From: American Review of Respiratory Disease
’ Volume 118 Number 2 August 1978




R I TSR A - - [

Mortality after Long Exposure to
Cummingtonite-Grunerite™”

J, C. MCDONALD,* G. W. GIBBS, F. D. K. LIDDELL, and A. D. MCDONALD

SUMMARY

Ore containing cummingtonite-grunerite has been mined o extract gold since 1876 in Lead, South
Dakota. Each of the 1.32]1 men who were recorded as having worked 21 years or more with the
Homestake Mine was allocated to one of 5 dust-exposure categories on the basis of work history and
available information on environmental conditions. All except 9 men were traced to the end of

into fragments defined as fibers, because they are
at least 3 times as long as they are broad. These
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- . 1873, when 652 were still living; the cause of death was ascertained for 657 of the 660 men who had
died.

Deaths from cerebrovascular aceidents and malignant disease were close to the numbers expected
and from accidents and other causes were fewer than expected, but in each of the 3 diagnostic
groups—pneumoconiosis (mainly silicosis), tuberculosis, and heart disease—there were more than

- ) 30 excess deaths. A clear dust-exposure relationship was found for pneumoconiosis and respiratory
tuberculosis—with relative risks for the 2 groups with greatest exposure to dust as compared
to the 2 with least exposure, of 19.9 and 16.0, respectively, but there was no convincing evidence
of an increase in respiratory cancer. ‘

5
Introduction resemble amosite fibers in appearance and chem-
Cummingtonite-grunerite is the name given to a  ical constitution, although lacking their strength
range of amphibole minerals. One of these is a  and elasticity; they are mostly less than 5 um in
naturally occurring, fibrous silicate mined at length.
Penge, in the Transvaal, South Africa, and giv- Ore containing the crystalline form of cum-
en the trade name “amosite” asbestos. Cum- mingtonite-grunerite has been mined since 1876
i mingtonite-grunerite also occurs in a crystal-  at the Homestake Mine in Lead, South Dakota,
PR line form that when crushed divides by cleavage for the extraction of gold and an apparently

similar ore at Silver Bay, Minnesota, and else-
where during the past 20 years for the extrac-
tion of iron. Although the host rock at Lead and
Silver Bay is said to be similar, no comprehen-
sive comparison of the mineralogies of airborne
contaminants encountered in mining in the 2
areas has been reported. Pulmonary fibrosis and
malignant disease of the lung or pleura can
be caused by exposure to various mineral types
of asbestos, including amosite (1). Because of its
relatiopship to amosite, cummingtonite-grun-
erite may be similarly pathogenic. Disposal of
tzilings from the mines at Silver Bay into Lake
Superior has been the subject of legal action on
the grounds that a potential health hazard was
being created and also on aesthetic grounds.
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Clearly, therefore, it is important to deter-
mine whether long exposure to cummingtonite-
grunerite carries a carcinogenic risk. Because
the experience of the Homestake miners has
been long enough to show whether such a risk
exists, we embarked in October 1973 on a mor-
tality study of the 1,358 persons who had worked
21 or more years with the mining company and
virtually completed the follow-up in 1974. We
intended that this should be followed by a Iar-
ger-scale survey, but were unable to proceed be-
cause of lack of support. At about this time, in
1974, a study was initiated by Gillam and co-
workers (2) of 440 men who, by 1860, had
worked at least § years underground at the
Homestake Mine. They reported 10 deaths from
neoplasms of the respiratory system between
1960 and 1973, whereas 2.7 deaths would have
been expected from rates in South Dakota. This
indication of risk and the importance of the
question prompted us to complete and analyze
our initial survey with our own resources, with-
out proceeding to the more extensive study orig-
inally planned.

Materials and Methods

Mining environment and concentrations of dusi. The
gold-bearing vrock of Homestake was originally
mined in open cuts, but underground methods
were soon introduced. Pneumatic drilling was be-
gun in 1900 and was performed dry until about
1920. Primary crushing of the ore was carried out
underground until the mid-1930s, when the opera-
tion was transferred to the surface. Gold was at first
extracted by amalgamation, later by 2 combination
of amalgamation and cyanidation, and in recent years
by cyanidation alone. 1t had Jong been known that
exposure in the mine to silica dust involved a serious
health hazard, but only recently was concern ex-
pressed with regard to effects attributable to cleav-

age fragments or fbers of curnmingtonite-grunerite.
These amphibole minerals, which are chemically
and crystallographically similar to commercial amo-
site, have been shown by Gillam and co-workers (2)
and Dement and associates (3) t¢ be present in the
mine. They reported that, by analytic transmission
microscopy, 80 to 90 per cent of airborne fibers in
the mine demonstrated an amphibole difiraction pat-
ern and that approximately 94 per cent of the air-
borne fibers were less than 5 um in length.

Measurements of dust in samples collected mostly
with midget impinger have been made frequently at
varjous locations in the Homestake Mine since 1937,
The median of readings in different places and on
different occasions has varied considerably. In 1937,
the median concentrations of dust ranged from 4.3
to 289 million particles per cubic foot (mppcf);
in 1957, readings were approximaiely 1 or 2 mppef
in several areas, but the median reading in raises
and drifts was 17.9 mppcf, In 1960, the average dust
concentration in the working areas was reported
by Gillam and co-workers (2) to be 1.7 mppcf, and
the free silica content to be 39 per cent, less than the
threshold limit value, which at this percentage of
free silica, would be 6.1 mppcf. However, concen-
trations of free silica had been considerably greater
than the threshold limit value in some workplaces
as recently as 1957. In 2 recent paper by Swent and
colleagues (4), approximate exposures to silica dust
of employees working underground in the mine were
presented for the vears 1937 through 1974, Average
counts (mppef) ranged from 11.0 to 24.6 in the pe-
riod before 1952, from 4.0 to 8.7 in the period 1952
through 1960, and from 2.0 to 5.0 thereafter.

Subjects and methods of siudy. The Homestake
Veterans Association (HVA), of which all employ-
ees anlomatically become members after completion
of 21 years service with the company, was founded
in 1905, By the end of 1973, the HVA had regis-
tered 1,329 men and 29 women. The study was con-
fined to 1,321 men, excluding 3 men with duplicated
names, three with insufficient identifying informa-
tion, and two whose work histories were unclear,
Names, dates, of birth, and dates of first employ-

TABLE 1
AGE DISTRIBUTION OF MEN STUDIED AT DATE OF FIRST EMPLOYMENT

SR TR U 20 A AL PG, H

Age Batore 1901 1901-1925 1926-1952 Total
{years) (no.) (%) (ro.) (%) (ro.} (%) {no.) (%)
<185 2 4.9 17 2.6 - - 19 1.4

15~19 19 38.8 195 29.7 165 26.8 379 28.7
20-24 12 245 169 25.8 156 253 337 25,k
25~29 8 18.4 118 1756 132 2.4 256 18.4
30-34 1 2.9 66 101 91 14.8 158 12.0
35~39 5 10.2 56 8.5 54 8.8 115 8.7
=40 1 2.0 as 5.8 18 2.9 57 4.3
Al agas a9 100 6856 100 616 100 1,321 100
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TABLE 2

MEN STUDIED ACCORDING TO DUST EXPOSURE CATEGORY
AND RESULTS OF TRACING

Dust-Exposure Category {n0.)

\ Very

Very Total Cohoft

Subjects Low Low Moderate High High (no.} (%)
Total 159 459 178 274 251 1.321 (100.0}
Traced 158 457 178 272 246 1,312 (89.3)
Alive g6 226 91 183 66 652 {49.3)
Dead (total) 73 231 87 B9 180 660 {50.1)
Cause of

death as-

cartained 72 229 87 89 180 657

ment were obtained from the HVA files, and occu-
pational histories with starting date for each job were
obtained from the mine personnel records. Eighty-
seven per cent of the men were Jess than 35 years of
age when they began work with the company (ta-
ble 1); therefore, ample time remained even for
diseases of long latent period to affect the pattern
of mortality. '

Each job was allocated a dust exposure category
on the basis of the records of dust concentration, aft-
er consultation with the environmental engineer
of the mine and a long-term retired employee who
was familiar with past mining methods, locations,
and conditions. Each man who had achieved 21
years of employment with the company, regardless
of occupation, was then assigned to one of 5 dust
exposure classes, taking into account how long he
had spent in the various jobs. This procedure was
carried obit without knowledge of the results of
the follow-up. As can be seen in table 2, 525 men
{40 per cent) were assigned to the “high” and
“very high” exposure groups. Almost 2ll of these
men had spenf most of their working lives under-
ground, as indeed had some in the groups with low-
er exposure. Although our estimates of the dust
concentration to which the men were exposed are
approximate, we believe that those men in the
“high" exposure group experienced average concen-
trations in excess of 6 mppcf during many years and
that those in the group with “very high” exposure
experienced even greater concentrations. Fhe “very
Jow” and “low" exposure categories comprised men
who were believed never to have worked in dust
concentrations of more than 1 mppcf.

From the archives of the personne! department
and of the HVA, the names of members known to
be alive through December 1973 or who had died
were ascertzined. Most deaths of members were
known because a death benefit was payable. Infor-
mation concerning men with whom contact had been
fost was sought from relatives, friends, and by cor-
respondence, Of the 1,321 men listed, 652 were still
alive in 1974, 660 had died, and 9 (0.7 per cent)

remained untraced (table 2). Death certificates were
sought for those who had died and were obtained
for all except 6 men; for three of the latter, a reliable
cause was obtained from other sources, leaving
8 deaths from unknown causes. Most deaths had
taken place in South Dakota, and International
Classification of Disease (ICD) codes for these were
obtained from the State Department of Vital Statis-
tics. Approximately one-half of the death certifi-
cates in other states also carried an ICD code, and
this was accepted; the remaining certificates (codes
iliegiblc or absent) were coded for us by the South
Dakota Department of Vital Statistics, except for 12
early deaths that were coded by the U S. Department
of Vital Statistics, ajl in accordance with the ICD
Revisjon in effect at the time of death. Comparative
composite cohort analysis (Case and Lea [5]) was
used to make comparisons with external and inter-
nal yeference populations (see Liddell and associ-
ates [6] for a discussion of the pros and cons of this
approach). For the external comparison (table 3),
observed deaths by cause in the cohort were com-
pared with expected figures obtained by applying
agejyear cause-specific death rates for the reference
population to the man-years accumulated by the
study population from 21 years after start of first
employment through 1973, The external reference
population was that of South Dakota, 1937 to 1978,
and man-years before 1937 were excluded. The in-
ternal reference was the total cohort, from the first
death (1931) through 1973 (iable 4). The analysis
was based on the 7th ICD Revision (1955); codes
for deaths and death rates on the basis of other re-
visions were allocated to the appropriate categor-
jes of the 7th Revision. The 7th Revision was select-
ed because it and the closely similar 6th Revision
were in effect for most of the deaths in the co-
hort; the 7th Revision was also used by Gillam and
co-workers (2). Death rates for respiratory cancer
were available for South Dakota only from 1942 and
thereafter. Rates for the previous years were esti-
mated from U.S. rates and from South Dakota/U.S.
atios for the years 1948 to 1950.
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TABLE 3

NUMBER OF OBSERVED AND EXPECTED DEATHS BY CAUSE ACCORDING TO
SOUTH DAKOTA RATES FOR VARICUS PERIODS, 1937-1973

Pariod
1937-1973 1937-1955 1956- 1973
Cause of death ICD (o] E O/E o E O/E o] E QJ/E

Malignant ngoplasms,

total 140-205 93 905 1.03 M 30.2 1.36 52 603 088

Raspiratory 160-164 17 186.5 1.03 8 34 176 11 13.1 Q.84

Gastrointestina| 150-159 i) 35.1 111 23 14.5 1.58 16 20.6 0.78

Other 140-149, 165-205 37 38.9 0.95 12 123 088 25 26,7 Q.94
Vascular lssions of the CNS A30-334 64 63.0 1.02 24 226 1.06 40 403 0.9
Disgases of the heart 400-443 284 2325 1.14 107 75.7 1.43 157 156.8B 1.0
Prieumocanosis 523~-524 37 ~ - 17 - - 20 - -
Respiratory tubsrculosis

{inciuding sillco-tuber- 7

culosis) 001-008 39 3.6 1083 31 28 11.07 8 0.8 10.00
ActGidents 800-929 19 28.3 0.67 8 119 067 11 158 070
All other causes 15 1318 087 a2 6509 G83 73 @81 089

Total 631 549.7 1.15 270 1941 1.3% 361 355.7 1.01

Definition of abbreviations: 1CD = Internstional Clessification of Disasss; O = observed; E = axpectad; CNS =
cantral nervous system,

Results er causes, Deaths from cerebrovascular disease
As shown in table 3, the cohort experienced 8]  and malignant neoplasms were very close to
excess deaths in the period 1937 to 1973, giving expectation; this remained true for the sub-
a standardized mortality ratio of 115. This ex- categories of respiratory, gastrointestinal, and
cess was more than explained by excess deaths other malignant disease.

in 3 diagnostic categories: pneumoconiosis, res- Taken at face value, this pattern of mortali-
piratory tuberculosis (including silico-tuberca- ty is characteristic of hard-rock mining with a
losis), and heart disease. The account was severe silicotic risk. This is supported by the
squared by deficiencies under accidents and oth-  fact that silicosis was stated as the cause in 35

TABLE 4

NUMBER OF OBSERVED DEATHS BY CAUSE AND DUST EXPOSURE CATEGORY AND OF
THOSE EXPECTED USING THE WHOLE COHORT AS REFERENCE POPULATION

Dust-Exposure Category (no.)

Very Low Low Moderate High Vary High
Cause of Death (o) (E} (0) (E) {0) (E) [{e3) (E) {O) (E)
Malignant neoplasms, total 9 15.8 34 37.9 16 123 16 1.9 20 17.1
Respiratory (1] 2.7 2? 6.3 3 2.3 5 2.7 2 3.1
Gastro-intestinal 4 6.9 15 16.9 8 4.9 4 4.2 9 7.1
Other : B 6.2 12 14.7 5 5.1 7 5.1 9 7.0
Vascular lgsions of the CNS 6 12.3 39 29.8 4 6.9 5 6.6 1 9.3
Diseases of tha haart 39 47.0 108 112.9 34 33.0 34 34,2 66 43.9
Prnsumoceoniosis 1 6.4 2 15.6 2 5.1 2] 5.0 26 7.9
Respiratory tuberculosis
{including silico-tuber-
* culosis) 1 7.6 3 18.2 3 6.4 11 6.1 31 10.8
Actidants 3 2.8 6 7.0 4 2.7 2 3.0 4 3.6
All other causes 13 20.7 37 48.0 24 14,4 12 13.5 32 20.6
Total" 72 1125 229 2703 89 808 B3 BO.2 180  113.2

Definition of gbbreviations: O = observed; E = axpectaed: CNS = central narvous system.
"The total number of deaths obsarved (667) excesdad the total shown in table 2 (631) bacause 26 daaths that
occurred before 1937 are Incluged.
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of the 37 pneumoconiotic deaths in this period
and was mentioned on the ceriificates in 28 of
the 264 deaths coded to heart disease; in almost
one-hali of those coded to tuberculosis, silico-
tuberculosis was specifically recorded. One of
the 17 respiratory malignancies was certified as
(1) bilateral pulmonary metastases, (2) medi-
astinal mesothelioma. This was in a man in the
“low™ dust exposure category who had worked
all his life on the surface, mainly as a press oper-
ator and mechanic. He began work in 1917 and
died in Homestake Hospital in 1968, at the age
of 76 years; there was no autopsy, but a needle
biopsy performed shortly before death was re-
ported by the Mayo Clinic as "consistent with a
mesothelioma.”

Also given in table 8 are the results for the
2 periods: from 1937 to the end of 1955 (270
deaths), and from 1956 to 1973 (361 deaths).
The standardized mortality ratio for all causes
of death was much greater during the first pe-
riod than the second, mainly because respiratory
tuberculosis and most other causes of death,
including cancer, were more common before
1956. There was no evidence in the more recent
period of a decrease in the ratio of observed to
expected deaths from pneumoconiosis or tuber-
culosis, although there was such evidence for
respiratory and other cancers. In comparison
te South Dakota, there was an excess of respira-
tory and gastrointestinal cancers only until 1955
and 2 deficiency thereafter; there was no excess
ol “other cancers’ in either period.

Deaths by cause and dust group as compared
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to those expected on the basis of the whole co-
hort as z reference population are listed in table
4. The “very low” and “low” exposure groups
were combined for use as a base for calculating
relative risks in the categories with greater ex-
posure (table b). The relative risks for pneumo-
coniosis and respiratory tuberculosis were clear-
ly and directly related to increasing dust ex-
posure and, because there were 7 deaths at-
tributed to these causes in the “low™ and “very
low” exposure groups, risks in the groups with
greater exposure may have been under-
estimated. Taking the 2 categories of greatest
dust exposure together, 7 cases of respiratory
cancer, 13 cases of gastrointestinal cancer, and
14 cases of cancer of other sites were observed,
compared with 5.8, 11.3, and 12.1 cases, respec-
tively, expected on the basis of the whole co-
hert. A similar difference was present for heart
disease, and there was a larger one for “all other
causes.”

Discussion

Past dust exposure in this mine produced sub-
stantial excess mortality, primarily from silico-
sis, tuberculesis, and silico-tuberculosis, but not
any significant increase .in malignant disease.
There is nothing inherently improbable about
this conclusion. More than 75 per cent of the
660 men who had died had started work before
1925 and had been exposed to free silica at con-
centrations sufficient to cause this rate of mor-
tality. The observed mortality from respira-
tory, gastrointestinal, and other malighant dis-

TABLE &
RELATIVE RISKS AND DUST EXPOSURE"

Cause of death Very Low—Low Moderate High—Vary High

Malignant naoplasms, total 1 1.6 1.8

Respiratory 1 1.7 1.6

Gastro-intastinal 1 2.0 1.4

Othaer 1 1.2 1.6
Vascular lesions of the CNS? 1 0.5 0.9
Diseasas of the heart 1 1.1 1.3
Pneumoconiosis 1 2.9 19.9
Aespiratory tubarculosis

(inciuding silico-tuber-

culosls) 1 3.0 16.0
Accidents 1 1.6 1.0
All other causes 1 23 1.8
All tauses 1 1.4 1.7

* Ralativa risks are defined as ratios of the stendardized mortality ratio (SMR) for the
moderate 2hd 2 greatest exposure groups to the SMR for the 2 groups with feast exposurs,

abtalned from table 4.
TCentral nervous system.
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eases was somewhat greater than expected in the
groups with greater dust exposure taken togeth-
er. This appeared to be part of a general trend
affecting most causes of death, which was per-
haps due to a background effect of silicosis.
There was no evidence of a separate and spe-
cific increase in respiratory cancer, such as that
reported by Gillam and co-workers (2).

There remains the question of diagnostic
accuracy. It is conceivable, although surely im-
probable, that patients whose disease was diag-
nosed during the years by physicians, radiolo-
gists, and pathologists as silicosis or silico-tuber-
culosis were in fact suffering from asbestosis or
lung cancer. Preconceptions can be misleading,
but the 2 pneumoconioses, silicosis and asbesto-
sis, differ clinically, radiologically, and in their
relation to tuberculosis. In the earlier years, au-
topsy was uncommon (9 per cent of deaths in
the period up to 1956). However, 21 per cent of
deaths thereafter were autopsied, and of 28
dearhs ascribed to pneumoceniosis or tubercu-
losis from 1956 to 1972, there were autopsies
in 10 (36 per cent). We did not have the re-
sources to check whether the autopsy findings
were always taken into account in certifying the
causé of death, but it seems probable te us that
they usually were,

The death certified, without autopsy, to medi-
astina]l mesothelioma must give pause for
thought. One case in 631 deaths is certainly
greater than one in 4,000, the estimated pro-
portion of mesothelioma deaths in the United
States in 1969 (7); nevertheless, this case is diff-
cult to interpret for at least 3 reasons: (I) the
pathologic repert on the biopsy specimen left
the diagnosis in doubt, (2) the man was em-
ployed at the surface throughout his working
life and was subjected to comparatively little
cummingtonite-grunerite dust, and (3) during
the war years, 1942 to 46, when the mine was
shut down, he was employed by the company
on machine maintenance; thus, at a very rele-
vant time (22 to 26 years before death) he was
concejvably exposed to insulation materijals.

It is in the nature of observational epidemiol-
ogy—occupational coborts included—-that biases
due to various kinds of selection are inevitable
and that their effects are difhcult to assess. Em-
ployed persons usually have a longer life expec-
tancy than does the general population, which
includes persons unfit for work (8). In jobs that
are physically demanding, this advantage may
persist and even grow with increasing length of

employment, but will not affect all types of
disease equally. Thus, men who survive 21 years
in a mining company will not include those
killed or disabled during the qualifying period
or men who for physical or psychologic reasons
found the work unattractive. On the other hand,
occupational cancers, especially those associated
with asbestos, seldom kill within 21 years of first
exposure. Thus, a cohort such as the one we stud-
ied should be at least as likely to demonstrate
excess mortality due to malignant disease as that
of Gillam and associates {2), which included men
with as little as 5 year’s employment. Conclu-
sions from the latter study are weakened by the
authors’ observation that the odds ratio for death
from respiratory malignances was greater with-
in 20 years of first employment (5.4) than after
it (5.2).

We have considered whether the high mor-
tality from silicosis and respiratory tuberculosis
in our cohort {completely absent for men within
20 years of first employment in the study by Gil-
Jam and co-workers [2], could have obscured the
picture for malignant disease. This problem of
tompeting risks, reviewed recently by Enter-
line (9), occurs to the extent that occupation-
ally induced respiratory disease prematurely ter-
minated the lives of men who would otherwise
have survived to die of cancer caused by the
same or closely correlated environmental fac.
tors. This possibility seems remote for 2 reasons:
{1} virtually every longitudinal study of asbes-
tos workers has shown excess mortality from
hoth pneumocoriosis and respiratory cancer,
and (2) if silica rather than cummingtonite-
grunerite were primarily responsible for the
excess mortality, there remained an exposed pop-
ulation of substantial size to demonstrate any
carcinogenic effect from the amphibole compo-
nent. Moreover, the interval between date of first
employment and death in the 76 fatalities from
tuberculosis or pneumoconiosis ranged from 22
to 61 years (median, 35 years). It is difhicult to
helieve that deaths with so wide a distribution
could have systematically blocked the appear-
ance of respiratory cancer.
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Mortality Study of Gold Miners Exposed to Silica and
Nonasbestiform Amphibole Minerals: An Update
With 14 More Years of Follow-Up

Kyle Steenland, phD, and David Brown, Ms

‘We have updated a study of 3,328 gold miners who worked underground for at least 1
_year betwegn 19401965 in South Dakota, extending the follow-up from 1977 to 1990.
. The gxposures of concern were silica and nonasbestiform amphibole minerals. The lung
cancer standardized mortality ratioc (SMR) was 1.13 (95% confidence interval [CI]
0.94-1.36, 115 observed) when the U.S. population was used as the referent group,
increasing to 1.25 (95% CI 1.03-1.51) when the county was used as the referent, and
to 1.27 (1.02—1.55) for person-time with more than 30 years potential latency. How-
ever, lung cancer mortality did not show a positive exposure-response trend with esti-
mated cumulative dust exposure. Data on smoking habits suggested that the miners
smoked slightly more than the U.S. population in a 1960 cross-sectional survey. In
contrast to lung cancer, other diseases known to be associated with silica exposure
(tuberculosis and silicosis) were significantly increased (SMR = 3.44 and 2.61) and
exhibited clear exposure-response trends. Nonmalignant renal disease, also associated
with silica exposure, was elevated for thoss hired in early years and showed a significant
positive exposure—response trend. Multiple-cause analysis revealed significant excesses
of arthritis, musculoskeletal diseases (including systemic lupus and sclerosis), and skin
conditions (incloding scleroderma and lupus), diseases of autoimmune origin which
have been associated with silica exposure in other studies. Multiple cause analysis also
showed a significant excess of diseases of the blood and blood-forming organs.
© 1995 Wiley-Liss, Inc.* :

Key worids: silica, silicosis, lung cancer, asbestos, gold miners

INTRODUCTION

We have studied 3,328 gold miners who were exposed to several potential lung
carcinogens. Of primary interest was exposure to silica and to nonasbestiform am-
phibole fibers (primarily. cummingtonite-grunerite-[CG] fibers). Silica has been
shown to cause lymphomas after pleural injection and lung cancer after inhalation in
rats [ITARC, 1987]. Data from humans exposed to silica have been inconclusive for
lung cancer, although cohorts of men with silicosis have shown consistent excesses
of lung cancer [see reviews by Pairon et al., 1991; Goldsmith, 1994]. Nonasbestiform
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amphibole fibers have not been shown to cause lung cancer, but are suspect because
of their similarity to asbestiform fibers.

Subcohorts of the cohort studied here have been studied previously. Gillam et
al. [1976] studied 440 white males employed as of 1960 who had at least 5 years
underground while McDonald et al. [1978] studied 1,321 miners who were retirees
in 1973, ali with at least 21 years underground. Follow-up for these studies ended in
1973. Gillam et al. [1976] reported a lung cancer excess, while McDonald et al.
[1978] found no excess and no indication of a positive trend with increasing exposure.
The current cohort was identified and first studied by Brown et al. [1986], with
folow-up through June 1977, partly to resolve this discrepancy. Brown et al. [1986]
found a standardized mortality ratio (SMR) of 1.00 for lung cancer with no apparent
trends with increased estimated cumulative exposure or latency. There were signif-
icant excesses of tuberculosis (largely silico-tuberculosis) and nonmalignant respira-
tory disease (largely silicosis) which exhibited a positive trend with increasing esti-
mated cumulative dust exposure. Accidental deaths were significantly elevated, and
there was .an.indication of an increasing. trend in-nonmalignant repal disease with
increasing exposure.

‘The aralysis by Brown et al. {1986] was based on follow-up through June 1977
with 861 total deaths observed (43 lung cancer deaths). We have extended follow-up
of this cohort through 1990 and now have observed a total of 1,551 deaths (115 lung
cancer deaths).

MATERIALS AND METHODS
Exposure Estimates

Most of the eohort (58%) was first employed before 1950. The silica content of
respirable dust was estimated at 13% in a survey in the mid-1970s, while the silica
content of settled dust was estimated to be 39% [Zumwalde et al., 1981]. The
American Conference of Governmental Industrial Hygienists’' [ACGIH, 1983] thresh-
old limit value (TLV) in terms of millions of particles per cubic foot (mppcf) of dust

-(300/[%Si0, in settled dust + 10]) is 6.1 mppcf. Estimated dust levels were such that
silica exposures exceeded this level prior to 1950 but were below this level after dust
controls were implemented in 1950 {Zumwalde et al., 1981]. Based on average dust
levels, prior to 1950 silica exposures would have ranged from approximately 10 to 30
mppcf. These are substantial levels (approximately one to three times current stan-
dards) although still somewhat less than other occupational cohorts of the time, such
as granite cutters whose exposures prior to dust controls in the 1940s ranged from 20
to 50 mppcf [Steenland and Beaumont, 1986].

“Asbestos refers to a variety of hydroxylated silicate. minerals. These minerals
are said to exist in an asbestiform or fibrous *‘habit’” when the mineral has grown in
one dimension to form long thin crystals. Nonasbestiform varieties of these minerals
have crystallized in two or three dimensions and are generally composed of shorter
fibers. When nonasbestiform minerals are broken up or crushed during mining op-
erations, the fibers or cleavage fragments of nonasbestiform minerals are almost
indistinguishable from asbestiform fibers under the light microscope. While the di-
vision between asbestiform and nonasbestiform minerals is not clear-cut, for the
purpose of regulation the Occupational Safety and Health Administration (OSHA) has
restricted its definition of asbestos to asbestiform fibers greater than 5 pm with aspect
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(length to width) ratios of at least 3:1 [Code of Federal Regulations 29, 1990]. In
general it is believed that the long thin fibers are more pathogenic [Stanton et al.,
1981].

Asbestos minerals are also divided into two broad groups, serpentine and am-
phibole. The amphibole family includes CG (commercially called amosite), tremo-
lite, and actinolite, all of which can exist in asbestiform or nonasbestiform varieties.
The gold miners in this study were exposed to nonasbestiform CG (69% of all fibers)
and tremolite-actinolite (15%), as well as other nonasbestiform varieties (16%)
[Zumwalde et al., 1981]. The percentages of airborne fibers greater than 5 wm for CG
and tremohte—acnnohte fibers were 24% and 32%, respectively. The geometric mean
of personal exposures to fibers greater than 5 pum in length in the mid-1970s was 0.44
fibers/cm’, below the then-carrent OSHA standard (time-weighted average [TWA])
of two ﬁbers greater than 5 pm in length/em® [now reduced to 0.2 fibers, Code of
Federal Regulations, 1990]. OSHA has recently exempted nonasbestiform amphi-
boles (tremolite, actinolite, and anthophylhtc) from the asbestos standard [Code of
"“Pederal Regulations 30,71992). Levels of exposures to fibers in years prior to the
1970s were not’ measured but presumably would have been somewhat higher, based
on known higher levels of respirable dust.

Exposures also occurred to the potential lung carcinogens arsenic and radon.
However, these exposurcs were below OSHA standards when measured in the mid-
1970s (earlier measurements are not available). Radon daughters in the 1970s ranged
from O to 0.17 working levels {Zumwalde et al., 1981; 0-2 working level months
(WLM) per year]. The current Mine Safety and Health Admipistration (MSHA)
standard is 4 WLM per year [Code of Federal Regulations 30, 1992]. With an average
of 9 years exposure, these miners would have been exposed to average cumulative
levels ranging from 0 to 18 WLMs, considerably below any levels associated with
lung cancer in epldcmmloglc studies of uranium miners. Arsenic exposures in 1970s
averaged under 5 pg/m?® [Zumwalde et al., 1981]. The current OSHA standard is 10
pg/m”. However, 16 of 51 samples excceded the National Institute for Occupatmnal
Safety and Health (NIOSH) recommended 15-min standard of 2 pg/m>.

Methods

A job-exposure matrix was created to estimate dust exposures for each job in
the mine over time. Details are available in Brown et al. [1985, 1986] and Zumwalde
et al. [1981]. Briefly, all full-time underground jobs were assembled into five major
groups based on similarity in job functicn and dust exposures (iaborers, miners,
motormen, supervisors, and skip loaders). A sixth category grouped all jobs not
considered fufl-time underground jobs (these jobs were considered nonexposed).
Average dust exposures for the job categories were then calculated using existing
measurements for each year from 1937 to 1975. The gold mine operated from the
early 1900s, and prior to 1937 exposures had to be estimated. No job history data
were collected after 1975. The mine continued to operate after that year, but with
reduced numbers of miners and with low levels of exposure, so that there is little
underestimation of cumulative exposure in our cohort by ignoring exposures after
1675 (only 15% of our cohort were still employed as of 1975).

The estimated daily dust exposures (constant over yearly intervals) for each of
the five job categories were weighted (multiplied) by a factor estimating how much
daily time was spent underground by miners in these jobs, with a factor of 1 assigned
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to work done in the earliest years, decreasing in later years {Zumwalde et al., 1981].
For each miner, estimated daily dust levels were summed over time and this measure
(dust-days, each dust-day is one day exposed to | mppcf of dust) was used as the
estimate of cumulative exposure. Because this quantitative measure refers to total
dust, it is not specific to either silica exposure or exposure to nonasbestiform min-
erals.

Mortality analyses were conducted using the Life Table Analysis System
(LTAS) of NIOSH for [Steenland et al., 1990b]. Due to the cohort entry criteria,
person-time for each miner did not begin to accumulate until he had spent 12 months
in an underground job or in 1940, whichever came first. Person-time continued until
date-last-observed or December 31, 1990, whichever was earlier. Follow-up for vital
status was done via Social Security and the National Death Index (NDI), with the
latter source searched through December 31, 1990. Men known to be alive after the
beginning of NDI in 1979 were considered alive as of December 31, 1990 if not found
via NDI. .

..Life-table analyses were conducted-for 92 categories of death, using as the -

 referent group either the U.S. population, the population of Lawrence County, South

Dakota, where the mine was located, or the population of the entire state of South
Dakota. Analyses using the Lawrence County or South Dakota referent population
only consider person-time and deaths occurring after 1960, when county and state
rates are first available (69% of the person-time and 82% of the deaths occurred after
1960). Analyses were also conducted by duration, time-of-hire, time-since-first-em-
ployment, and estimated cumulative exposure (dust-days). Categories of dust-days
for cohert analysis were chosen a priori to conform ta these used in the prior publi-
cation of these data.

Further analyses were conducted using only person-time after the end of em-
ployment (‘inacfive’) person-years, which represented 74% of the person-time and
92% of the deaths). Such analyses may sometime reveal trends with cumulative
exposure which are obscured when active and inactive person-years are combined
" [Steenland and Stayner, 1991]. Chi-square tests for trend in SMRs were done ac-
cording to Breslow et al. [1983].

Analyses were also conducted using national rates for multiple causes of death,
which include all causes of death listed on the death certificate and are particularly
useful for diseases which are usually cortributory rather than underlying causes.
These analyses were restricted to post-1960 because U.S. referent rates are only
available after 1960 [Steenland et al., 1992].

In addition, z nested case—control analysis of lung cancer, in which estimated
cumulative exposure could be treated as a continuous variable, was also conducted.
In this analysis, five controls were randomly selected from the risk set of all those
who had achieved the age of the case at the time the case failed {incidence—density
sampling, see Beaumont et al., 1989]. Work history and cumulative exposure were
truncated for controls at the failure time of their index case. Analyses were ¢onducted
via conditional logistic regression using PHREG procedure of the Statistical Analysis
System [SAS, 1991].

Smoking data for 602 men (volunteers) in the cohort were available from a 1960
Public Health Service silicosis survey [see Gillam ¢t al., 1976], when these men were
aged 35-64. Cigarette smoking categories included never/occasional (including
smokers of only pipe or cigar), current, and former. Data were also available on
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amount smoked for current cigarette smokers, never/occasional. Compatible age and
race-specific data for U.S. white males were available from a 1955 survey of ap-
proximately 40,000 subjects, done as a supplement to the February 1955 Current
Population Survey [Haenszel et al., 1956]. Age-adjusted smoking prevalences for the
U.S. and the mirers by smoking category were then compared, and the effect of
smoking differences upon observed lung cancer rate ratios was estimated according to
the technique of Axelson [Axelson and Steenland, 1988). The assumed rate ratios for
cigarette smokers vs. never smokers, used for this estimation, were 5 for former
smokers and current smokers of less than 10 cigarettes, 10 for current smokers of
10--20 cigarettes, and 20 for current smokers of more than 20 cigarettes a day. These
rate ratios were chosen to reflect average values from large prospective studies of
smokers. :

RESULTS

... . We abserved 1,551 deaths among the 3,328 mirers during”106,000 person-
years of observation. Only 2% of the cohort were Tost to follow-up. The average year
of first exposure was 1945, the average length of follow-up was 37 years, and the
average length of employment underground was 9 years. The median cumulative
dust-days was 8,376, the mean was 23,569, and the range was 2,193-225,774.
Seventy-five percent of the cohort had fewer than 26,823 dust-days. Based on data
from Vermont where the silica content of respirable dust was similar, 10 mppcf of
respirable dust would be approximately equivalent to 0.1 mg silica/m® of air. Using
this conversion, the median average exposure level of these miners was 0.05 mg/m®
(the current OSHA standard is 0.1 mg). However, this varied considerably by time
period, with exposures being much higher in earlier years. The median average
exposure for men hired prior to 1930, 1930-1950, and after 1950 was 0.15, 0.07,
0.02, respectively, _

Table I presents SMRs for the entire cohort for a number of causes of a priori
interest, as well as common causes and causes which showed marked elevations.
Death from all canses was elevated 13%. Most of the excess overall death was
accounted for by excess deaths from tuberculosis, nonmalignant respiratory disease,
and accidents, causes which are associated with silica exposure and mining.

A review of death certificates showed that 21 of 39 tuberculosis deaths indicated
silico-tuberculosis, while 40 of 92 deaths in the *‘other respiratory disease category™”
mentioned silicosis or unspecified pneumoconiosis {one death in this category was
due to asbestosis). A review of all 1,551 death certificates for the entire cohort found
that 140 men (9%) had some mention of silicosis on their death certificate, either as
an underlying oF. contributing cause..The significant elevation for asthma may also
have been the result of misdiagnosed silicosis, although silica also has pronounced
effects on the immune system (see below).

Lung cancer was only marginally elevated for the cohort as a whole (SMR =
1.13). The SMR for person-time occurring more than 30 years since time of first
exposure (first job underground) was 1.27 (95% CI 1.02-1.55, 90 observed), com-
pared with an SMR of 0.82 (25 observed) for person-time with less than 30 years
since first exposure. Trends with duration of exposure were inconsistent (SMRs of
1.02, 1.55, 1.01 for less than 10 years, 10-20 years, and 20+ years of exposure,
based on 63, 35, and 15 observed deaths, respectively).
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TABLE 1. Overall Gold Miner Mortality Results (U.S. Referent Rates): Update of South Dakota
Cohort to 19%0

Cause (ICD9)* QObs SMR (95%CI)
All deaths 1551 1.13 (1.07-1.19)
All cancers (140-208} 303 1.01 0.90-1.13)
Ischemic heart disease (410-414) 431 0.94 (0.85-1.03)
Tuberculosis (010-012) ) 36 3.52 (2.47-4.87)
Cerebrovascular disease (430—438) 77 0.94 (0.75-1.18)
Cancers
Digestive system (150—159) 69 0.85 (0.66-1.07)
Peritoneum, other {(I158-9) 4 2.81 (0.76-7.19)
Respiratory
Larynx (161) 3 0.71 (0.15-2.07)
Lung {162) 115 1.13 (0.94-1.36)
Other respiratory (160, 3-5) 3 2.54 (0.52-7.43)
Urinary (188-189) 9 0.57 (0.26-1.08)
Hematopoietic (200-208) 35 1.29 (0.50-1.79)
Lymphosarcoma/reticulosarcoma (200)-- - 8 1.72 (0.74-3.39)
Hodgkin's (201) : 2 0.79 (0.09-2.85)
Leukemia/aleukemia (204—8) 14 1.24 (0.68-2.08)
Other (202-3) i1 1.26 (0.62-2.26)
Nonmalignant respiratory disease (460-519) 170 1.86 (1.58-2.16)
Emphysema (492} 23 1.39 (0.88-2.09)
Pncumonia (480~-486) 40 1.27 (0.91-1.74)
Bronchitis (490-491) 6 1.66 {0.61-3.61)
Asthma (493) 7 2.61 (1.09-5.51)
Pneumoconioses and other respiratory
(470-478, 494--519)° 92 2.61 (2.11-3.20)
Acute Kidney disease (580-581, 584) 2 1.19 ©0.14-4.29)
- Chronic kidney disease (582583, 585587} 11 1.25 {0.62-2.23)
Accidents (ES800-E949) 139 1.78 (1.49-2.09)
Falls (E880-888, E929.3) 15 1.55 {0.87-2.55)
Other accidents (E890-E928, E929.4-929.9) 67 2.98 (2.31-3.79)

“Intetnational Classification of Disease codes, 9th revision.
Yincludes chronic obstructive pulmonary disease and other disease besides pneumoconioses.

Wher local county rates were used as the referent rates, the SMR for lung
cancer was 1.25 (1.03-1.51, 112 observed) and was 1.27 (1.02-1.57, 88 observed)
for those with 30 or more years since first exposure. When South Dakota rates were
used, the SMR for lung cancer was 1.59 (1.31-1.92), markedly increased from the
. SMRs using either U.S. or county rates. South Dakota has notably lower lung cancer
rates than the rest of the United States, but is divided between the larger cities on the
plains in the eastern portion and the mountainous western area where the gold mine
is located. It may be that the county rates or the U.S. rates are preferable to the South
Dakota rates for use as a referent population, although the county rates suffer from
small numbers and instability. We have chosen to emphasize the U.S. rates through-
out this discussion. Conclusions about the etiologic significance of findings are best
based on biological plausibility and disease trends with calendar time or estimated
exposure, rather than point estimates based on any set of referent rates.

Hematopoietic cancers were slightly elevated in the cohort as a whole, with the
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TABLE H. Gold Miner SMRs for Selected Causes by Cumulative Dust Exposure: South Dakota
Cohort Update to 1930

Dust-days*
<8,000 8,000-32,000 32,000-48,000 48,000+  Chi-square

Cause (ICDS) SMR{obs}  SMR(obs) SMR(obs) SMR(obs) trend test
Respiratory tuberculosis 0.52 (1) 0.78 (2) 0.89 (1) 6.95°(32) 23.76°
Lung cancer 1.17 (44) 1.0t (35) 0.97 (8) 1.31 (28) 0.21
Pneumoconioses, other

respiratory diseases 1.79° (19) 1.46 (18) 2:95° (10) 8.87° (45)  25.77°
Chronic renal disease 0.40 (1) 0.34(1) 1.26 (1) 2.77° (®) 7.62"
Non-Hodgkin’s lymphomas

{ICD9 200, 202)

(after 1960 only) 1.27 4) 1.48 (4) 0.00 (0) 3.29% (9) 1.75

*One dust-day is one day with an exposure of 1 mppcf dust.
®Significant at the 0.05 tevel.

most pronounced excess (SMR 1.72, 0.74-3.39) occurring among the category lym-
phosarcoma/reticulosarcoma (ICD9 codes 200), which are non-Hodgkin’s lympho-
mas. To explore this excess, we combined other non-Hodgkin's lymphomas (ICD9
code 202) from the category ‘‘other hematopoietic cancer”’ (composed of multiple
myeloma, ICD9% 203, and other lymphomas, ICD9 202) for the calendar time period
after 1960 -(the appropriate rates were available only after 1960). This combined
category of non-Hodgkin’s lymphomas had 13 observed deaths with an SMR of 1.63
(0.86—2.78).

Table I indicates nonsignificant excesses of cancers of the peritoneum (SMR
2.81, four observed) and of cancers included in the category ‘‘other respiratory
cancers’ (SMR 2.54, three observed), categories which might include mesothelioma.
A review of these seven death certificates did not find any mention of mesothelioma.
Furthermore, no mention of mesothelioma was found in a review of deaths. from lung
cancer or other nonspecified cancer, categories which at times inciude mesotheliomas
[Lilienfeld and Gunderson, 1984].

Table II shows SMR analyses by cumulative exposure category for selected
causes. Significant positive trends were observed for tuberculosis, pneumoconioses,
and chronic renal disease, and a positive nonsignificant trend was observed for
non-Hodgkin’s lymphomas. All these causes were significantly elevated in the high-
est exposure category. Chronic renal disease has been associated with silica exposure
in other epidemiclogic studies [Steenland et al., 1990a) and some authors have
suggested it may reflect an autoimmune process [Osorio et al., 1987)]. There was little
trend for jung cancer. Restriction of person-time to time after last employment (*“in-
active’’ person-time) did pot alter the lack of a trend for lung cancer and cumulative
dust exposure. Since dust exposure levels were estimated before 1937, we also
conducted analyses restricted to the 76% of the cohort hired after that date, when
actual dust levels were measured. These analyses also failed to exhibit any increased
lung cancer with increased cumulative dust exposure.

A nested case—control analysis of the 115 lung cancers and a set of matched
controls revealed a negative nonsignificant trend with either estimated cumulative
dust exposure or the log of estimated dust exposure (the mean cumulative dust
exposure for cases was 28,389 dust-days, while it was 31,060 dust-days for controls).
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TABLE III. Gold Miner SMRs for Three Year-of-Hire Subcohorts: South Dakota Cohort

Year of hire
<1930 1930-1950 1951 +
Cause (ICD9) SMR(obs) SMR(obs) SMR(cbs}
‘All cancers 1.11 (66) 0.95 (169) 1.12 (68)
Tuberculosis 7.72 (33 1.00 (6) 0.00 {0)
Cancer of peritoneum 6.09 (2) 1.20 (1) 3.92 (1)
Lung cancer 1.30 (21) 1.14 (71) 1.01 {23)
Pneumoconioses, other respiratory diseases 5.37 (36)* 2.12 (48)* 1.36 (8)
Chronic kidney disease 2.39 (7 0.80 (4) 0.00 (0}
Hematopoietic cancer 1.64 (8) 1.30 21) 0.97 (6)
Lymphosarcoma and reticulosarcoma 3.24 (3) 1.45 (4) 1.04 (1)
Leukemia 1.72 (4) 1.36 (9) 0.43 (1)

*95% Cl1 excludes 1.00.

Steatification by duration of exposure did not change these results. Duration of ex-
posure itself was not a significant predictor of lung cancer. Neither year of first
exposure por year of birth differed between cases and controls, and these variables did
not modify the relationship between estimated cumulative dust and lung cancer.
Again, becanse dust levels had to be estimated prior to 1937, we also conducted the
case—control analyses restricting cases and controls to those hired in 1937 or later (75
of the 115 cases were hired in 1937 or later). These analyses likewise failed to show
any relationship between lung cancer and cumulative dust exposure.

Table I shows SMRs for selected causes after dividing the cohort by year of
hire. Tuberculosis and chronic renal disease were significantly elevated only for those
hired prior to 1930, and pnenmoconiosis was significantly elevated only for men
hired prior to 1930 and men hired from 1930 to 1950. These diseases are clearly
related to cumulative exposure and exposures were known to be higher in earlier
years. Lung cancer also shows the highest elevation in the earliest hire period, but is
not significantly elevated.

Table IV shows SMRs by multiple cause mortality analysis, in which rates are
calculated using any mention of a given disease on the death certificate. These
analyses are particularly useful for diseases which may be prevalent ai death but are
not fatal. Categories which showed marked excesses here, but which were not re-
vealed by underlying cause analysis, included arthritis, other musculoskeletal disease
(including lupus and sclerosis), other diseases of the skin (including scleroderma and
lupus), alcobolism, other diseases of the blood-forming organs, and other myocardial
degeneration. ‘Several of these disease (lupus, scleroderma, systemic sclerosis; rheu-
matoid arthritis) are antoimmune diseases, and are known to be associated with silica
[Rustin et al., 1990; Haustein et al., 1990; Koskela et al., 1987; Sluis-Cremer et al.,
1985; Klockars et al., 1987]. The cardiovascular disease elevations revealed by
multiple cause analyses may have been due to the effects on the circulatory system of
the pneumoconiotic lung disease which was so prevalent in this cohort.

A review of the muitiple cause mortality data stratified by time-of-hire (<1930,
1930-1950, 1951 + ) showed that the excesses for chronic renal disease (10 observed,
SMR 2.14, 1.05-4.04), myocardial degeneration (15 observed, SMR 9.20, 5.14-
15.18), and other diseases of the blood (3 observed, SMR 4.71, 0.97-13.77) were
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TABLE IV. Gold Miner SMRs for Muitiple Cause Mortality {ARer 1960), Considering all
Causes Listed on the Death Certificate: South Dakota Cohort

Cause (ICDP* Obs SMR (95%CI)
Al causes listed 3038 1.05 (1.02-1.09)
All cancers (140-208) 465 1.08 (0.98-1.18)
Ischemic heart disease (410-414) 527 0.88 (0.80-0.95)
Tuberculosis (010-012) 27 4.72 (3.11-6.87)
Cercbrovascular disease (430-438) 128 0.95 (0.75-1.18)
Diseases of arteries, veins,

circulation (415-7,440-59) 180 1.19 (1.02-1.38)
Other myocardial degeneration

(429.0,429.1) 20 3.03 (1.85-4.68)
Cancers

Lung (162) 121 1.16 (0.96-1.28)

Lymphosarcoma/reticulosarcoma (200) 6 1.37 (0.50-2.98)

Hodgkin’s (201) 2 0.87 (0.10-3.14)

Leukemia/aleukemia (204-8) 10 0.82 (0.39-1.50)

Other (202-3) 15 " 1.43 (0.80-2.36)
Nonmalignant respiratory disease (460-519) 454 1.62 (1.47-1.78}

Emphysema (492) 61 1.42 (1.08-1.82)

Poeumonia (430-486) 119 1.20 (1.00-1.44)

Bronchitis (490-491) 11 1.41 (0.70-2.52)

Asthma (493) 8 1.70 (0.73-3.35)

Pieumoconioses and other respiratory

{470-478, 494~519) 251 2.08 (1.82-2.35)

Acute kidney disease (580-581, 584) 8 1.03 0.44-2.02)
Chronic kidney disease (582583, 585-~587) 34 1.27 (0.88-1.77)
Arthritis (711-6, 720-1) , 17 2.19 (1.27-3.50)
Other musculoskeletal (710, 717-9, 722-9, 731-9) 10 2.14 (1.03-3.94)
Alcoholism (303) 22 1.7 (1.12-2,71)
Other disease of blood-forming organs

(288--289) 9 2.31 (1.05-4.39)
Other diseases of skin (690-709) 10 245 (1.17-4.51)

*International Classification of Disease codes, Sth revision.

concentrated in those hired prior to 1930. The excesses for arthritis (12 observed,
SMR 2.63, 1.36-4.59), other musculoskeletal disease (6 observed, SMR 2.14,
0.78—4.46), and other skin conditions (8 observed, SMR 3.28, 1.41-6.45) were
concentrated in those hired between 1930 and 1950. The excess for alcoholism was
concentrated in those hired after 1950 (11 observed, SMR 2.56, 1.28-4.58).
‘Among 602 miriers participating in a 1960 U.S. Public Health Service survey,
23.4% had never smoked cigarettes or smoked only occasionally, 64.6% were current
smokers, and 12.0% were former smokers. Among current smokers, 4.9% smoked
less than 10 cigarettes a day, 76.6% smoked 10-20 per day, and 18.4% smoked 20
or more per day. Among white U.S. males surveyed in 1955, the age-adjusted
prevalence of never/occasional cigarette smokers, current cigarette smokers, and
former cigarette smokers was 32.8%, 56.6%, and 10.6%, respectively. Ameng U.S.
current smokers, the percent smoking less than 10 cigarettes, 10—19 cigarettes, and
20+ cigarettes per day was 13.5%, 58.0%, and 28.5%, respectively. These data
indicate that in 1960 more gold miners smoked cigarettes than U.S. white males of
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TABLE V. Four Cohort Mortality Studies of Gold Miners*
Authors (year) Exposure-response SMR or OR Smoking Radon and
(lung cancers) for dust, comments (95% CI) control arsenic -
Hnizdo and Positive and signifi- OR = 3.2(1.3-3.5) Yes, good Cumulative WLM
Sluis-Cremer cart, good histor- for highest ex- data average = 70, no
[1991; 77 lung ical estimates, posed vs. lowest, data on arsenic
cancers] 30% respirable- nested case—con-
free silica, silico- trol study
sis generally not
related to lung
cancer
Kusiak et al. Positive and signifi- SMR = 1.29 (1.2- Some, fora  + dose-response
[1991; 378 lung cant for duration, 1.5), risk only for sample, for both, not easy
cancers] no detailed dose mining <1946 not thought  to separate effects
data, 6—12% re- (SMR = 1.40), to explain from silica, aver-
spirable-free silica  Poisson regres- excess age cumulative
. sion- used for ex- WLM ranges’
postire—response from 2 to 23 for
90% of cohort but
some men had
more than 50
WLM
Wyndham et al.  Positive, p = .06, SMR = [.61 (1.1- Yes, good average WEMs (cu-
[1986; 39 lung good historical 2.2), nested case~  data mulative) = 36,
cancers} estimates, expo- control used for no data on arsenic
sure better predic-  exposure—re-
tor than duration sponse
Armstrong et al.  No trend with years SMR = 1.45, Yes, good about 20 WLMs
[1979; 59 lung underground, no p<<.01, internal data (cumulative aver-
cancers] data on expo- comparison SMR age), arsenic lev-
sures, no risk for = 1.40{(0.7-3.0) ¢ls about 50 ppm

silicotics

*Excludes some autopsy case—control studies of gold miners, as well as some other publications referring
-to these same cohorts. ’

the same age, but that among smokers fewer were heavy smokers. Using these data
and the technique described by Axelson and Steenland [1988], the estimated lung
cancer rate ratio due to smoking alone, for the cohort vs. the U.S. population, would
have been 1.07.

DISCUSSION

There have been four other cohoris of gold miners which have been studied
(Table V). All these cohorts have been exposed to silica. In two [Wyndham et al.,
1986; Hnizdo and Sluis-Cremer, 1991], positive trends between estimated cumulative
dust and lung cancer were observed, another one [Armstrong et al., 1979] showed no
such trend but had no data on exposure beyond duration of years underground, and
the fourth [Kusiak et al., 1991} showed a positive trend but the effect was difficult to
distinguish from the effects of radon and arsenic exposures.

The gold miners studied here exhibited excess mortality from silicosis and
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silico-tuberculosis, which showed positive exposure-response trends. Chronic renal
disease was nonsignificantly elevated, but also showed a significant positive expo-
sure~response trend.

We found an excess of lung cancer in this cohort, the magnitude of which varied
depending on which referent group was used. However, this excess was not refated
to estimated exposure to dust. The fact that silicosis and silico-tuberculosis showed
clear positive exposure-response trends suggests that the estimated dust exposures
used here were reasonably accurate. This would suggest that neither exposure to
nonasbestiform amphiboles nor silica was likely to be responsible for the observed
excess of lung cancer, at least not in a way related to quantitative exposure to dust.

There was only one death from asbestosis in this cohort (which could have been
the result of asbestos exposure outside the mine). Assuming the overall lack of
asbestosis is real, however, it would therefore appear that the nonasbestiform fibers
in this mine did not cause any marked excess of either asbestosis or lung cancer.

There is strong evidence -fromn numerous studies that silicotics suffer from
high rates of lung cancer [see for example, Amandus et al., 1991]. Evidence that
exposure to silica itself causes lung cancer has been less consistent to date, although
the majority of the studies are positive, and two have shown a positive dose-response
[Checkoway et al., 1993; Hnizdo and Sluis-Cremer, 1991]. In this cohort there
was considerable mortality and morbidity from silicosis. Those who did have silico-
sis may have contributed to the observed moderate lung cancer excess. We did
examine the presence or absence of a listing for silicosis (or silico-tuberculosis or
pneumoconiosis) -on the death certificate, adlthough this may not be a very precise
measure of which men had silicosis. There was no evidence that lung cancer deaths
had more silicosis listed on their death certificates than other deaths. Only 3 of the
115 lung cancer deaths indicated silicosis (or silico-tuberculosis or pnenmoconiosis)
on their death certificates, while 140 of the 1,551 total death certificates indicated
silicosis.

Levels of exposure to crystalline silica in our study were high, especially prior
to the lowering of dust levels in the early 1950s, although they were not as high as
some occupational cohorts, such as Vermont granite cutters. Vermont granite cutters
were exposed to 20-50 mppef of dust from granite which was composed of 10-30%
silica prior to the installation of dust controls in the 1940s [Steenland and Beaumont,
1986]. The gold miners studied here were exposed to approximately 10—30 mppcf of
dust prior to 1930, dust composed of approximately 13% free silica, and to under 10
mppcf thereafter. It is of interest to note that an analysis of lung cancer risk and the
presence of silicosis on the death certificate was strongly positive in the granite
cutters, while no such relationship was apparent in this study for goid miners.

The exposure to silica did lead to a variety of diseases besides the expected
silico-tuberculosis and pneumoconiosis. Silica exposure has been associated with
autoimmune disease, and the excesses found here for arthritis and musculoskeletal
disease (the latter category included several deaths mentioning systemic sclerosis and
systemic [upus) have been noted elsewhere in the literature for silica-exposed workers
[Steenland et al., 1992; Koskela et al., 1987; Sluis-Cremer et al., 1985; Klockars et
al., 1987}. The category *‘other skin disease,”” which was also significantly elevated,
included several deaths with mention of lupus erythematosus and scleroderma on the
death certificate. Renal disease also showed associations with high silica exposure,
and this association may also reflect an autoimmune mechanism.
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The elevation of “‘other diseases of the blood-forming organs™ is interesting in
light of the excess also observed for non-Hodgkin's lymphomas and the evidence
from animal studies that injected silica can cause lymphoma [IARC, 1987]. Listings
on the death certificates for this category included bone marrow depression, myelo-
dysplasia, blood dyscrasia, and myeloid metaplasia.

In summary, the present cohort with substantial silica exposure exhibited large
excess mortality from several causes of death known to be related to silica. Lung
cancer, of interest because of a possible association with either silica, silicosis, or
nonasbestiform amphibole minerals, showed some elevation but did not exhibit a
positive exposure-response trend using estimated quantitative cumulative dust expo-
sures. This cohort represents one of the principal cohorts in which the association
between cumulative silica exposure and lung cancer was generally negative. The
reasons for the discrepancy between our findings and the positive findings in other
gold miner studies and in the silica literature in general remain unexplained. One
possibility is that not all silica is alike, and different mineralogic varieties may have
different effects. Another. possibility is-that the -positive. dose-responses for dust in
other gold ‘miner studies reflect to Some degree uricontrolled corifounding by radon or
arsenic.
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INTRODUCTION

Research on the harmful effects of mineral fibers has concentrated on the main
commercially used varieties of asbestos—chrysotile from the serpentine group of
minerals and crocidolite and amosite from the amphibole group. All of these have
proved fibrogenic and carcinogenic in both humans and experimental animals.
However, the amphibole group of minerals is large and contains other examples
that can exist as asbestos, including anthophylhte, actinolite, and tremolite.

Samples of tremolite have been examined in expenmcntal studies using both
inhalation and injection into the peritoneal and pleural cavities of rats and have
been found to be extremely carcinogenic.”® While the industrial usage of pure
tremolite asbestos is very small (smal! deposits have been mined in Korea, India,
and Pakistan), there is evidence that human disease may be associated with both
enviconmental exposures to tremolite asbestos or exposures to other mineral
forms contaminated with tremolite asbestos. Workers exploiting talc deposits
contaminated with asbestiform tremolite fibers have been shown to have an ex-
cess of both pulmonary carcinomas and mesothcliomas,®’ and the use of lime
containing tremolite asbestos for stuccoing houses in Greece and Turkey has also
been associated with these tumor types.$

The importance that minor tremolite asbestos contamination of other commer-
cially exploited minerals might have is demonstrated by findings from the Cana-
dian chrysotile industry. While tremolite is a very minor contaminant of the
chrysotile ore bodies, it has been found that tremolite fibers nevertheless make up
the majority of the fiber burden in the lungs of workers examined at autopsy.>!® It
is suggested that this tremolite asbestos may have been responsible for the very
few cases of mesothelioma that have been associated with chrysotile mining. It is
likely that the high tremolite content in the lungs of Capadian miners is due to
differential retention, and a similar finding was reported from the Swedish Asbes-
tos Cement Industry, where historically asbestos exposure was known to have
been more than 90% chrysotile, with a small amount of amphibole asbestos, yet
the lung fiber content at autopsy was more than 90% amphibole."" Experimental
studies have also confirmed the rapid removal of chrysotile from lung tissues in
comparison with the rate of removal of amphibole asbestos minerals.??

Since the amphibole minerals in general appear so durable in the lung, the
contamination of any other product with an amphibole such as tremolite asbestos
might prove hazardous. The problem of coantaminated talc has been mentioned,
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sut other commercially used materials such as vermiculite and marble can also
sontain tremolite asbestos, and concern regarding the full significance of this
-ontamination is increasing. Tremolite is a comparatively simple calcium magne-
;ium silicate with an ideat chemical formula of Ca;MgsSisO2(OH);. The Interna-
jonal Mineralogical Association guidelines on the nomenclature of amphiboles
-astricts the use of the term tremolite to compositions very close to the ideal
‘ormula, although a certain amount of substitution of iron for magnesium, sodium
‘or calcium, and aluminium for silica is permitted (similar minerals with progres-
;ively more iron in the formula are referred to as actinolite and ferro-actinolite).
[remolite is a common and widespread amphibole mineral simply because the
\ssociation of the chemical components, calcium, magnesium and silica, is com-
non within the metamorphic rocks of all of the major mountain belts of the world.
Tor example, dolomite limestones (CaMg(COy)y) in sedimentary rock sequences
»r he large serpentinite masses (high Mg content) of these regions were often
.onverted 1o tremolite rocks by the great pressures and high temperatures of the
nountain-building processes. The comparatively simple compositions and abun-
tance of the parent materials lead to frequent occurrences of amphibole minerals
cery close indeed to the ideal tremolite compaosition. :

While the different occurrences of tremolite may be remarkably consistent in
shemical terms, the mineral may show a very wide variation in morphological
1abit. Depending on the exact pressure, temperature and tectonic conditions
arevailing ut the time of its formation, the tremolite may have crystailized as
:0arse, prismalic, massive crystals or as fine asbestiform fibers. Dorling and
Zussman'? describe a very wide range of these different varieties, and, despite
:xtremely careful evaluation using a variety of analytical techniques, including
nigh-resolution transmission electron microscopy and detailed chemical analysis,
‘hey were unable to provide an entirely satisfactory explanation of the different
morphological varieties. More recent work' has suggested that asbestos could be
{ifferentiated on the basis of such features as the presence of polyfilamentous
iber bundies, the proportions of multiple crystal twins, and the frequency of
~hain-width errors in the crystal structure.

Tremolite contamination of other materials can range from pure asbestiform
ibers through irregular if elongated spicules to nonfibrous particles. While the
1sbestiform fibers are known to be hazardous, the level of hazard associated with
sther morphological habits is uncertain. In these circumstances cencern has been
:xpressed over the use of any product contaminated with any form of tremolite
wnd o clear definition of the hazard o be expected from all tremalite types is
yreatly needed. Wagner et 21, commenced an examination of the relative carcino-
senicity of asbestiform and nonasbestiform tremolite, but interpretation of the
“esults was made difficuit by poor animal survival. The present study was planned
-0 examine this problem in more detail and the carcinogenicity of tremolite asbes-
‘0s and nonasbestos varieties has been examined in rats using the technique of
niraperitoneal injection.

MATERIALS AND METHODS

The six tremolite minerals used in the present study are listed below.

(1) California tremolite from Jamestown
*(2) Korean tremolite
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(3) Tremolite from Swansea

(4) Italian tremolite (Ala di Stura}

(5) Tremolite from Carr Brae, Dornie, Scotland
(6) Tremolite from Shinness; Scotland

Specimens 1-3 were donated to the Institute of Onc:.vm:oca Medicine in
Edinburgh as reference sampies, and only with specimen 2 is their exacl location
of origin known. Sample 3 was donated by the British Coal Laboratory 1n Swan-
sea and in this case cven the country of origin is uncertain. ANl three specimens
had a very distinctive asbestiform morphology, being flexiblc and strong and fairly
elastic. The Californian tremolite was the finest and apparently the Ho:.wsumr
having fibers that were difficult to separate. The Korean tremolite differed in that
it was already quite highly processed by milling when it was _..nna_<nm .m:,.._ was also
mildly contaminated by chrysotile.#* The Swansea wemolite consisted of fing,
easily separable fibers. .

The tremolite from Ala di Stura (in a small valley in northwestern Italy) dif-
fered from the first three in very distinctive ways. It consisted of large _u,_..:n__nw of
very long (often >3 c¢m) needle-like fibers which were flexible and very elastic but
quite brittle. It had a bright vitreous luster, unlike the more matt appearance of the
first three tremolite samples. The tremolite from Dornie was similar to the Italian
tremolite in its vitreous luster, but contrasted with it in being a fine powdery
material. The original specimen was collected from a road culting near Dernie in

" the Highland region of Scotland. The outcrop is one of a series where high-grade

metamorphic marble, dolomite, and calcium silicates arc found. The original ma-
terial was extremely friable and the sample was soon reduced to a fine, soft
powder in the course of handling when wet in a plastic bag. .

The tremolite from Shinness was collected from a small, disused marble
quarry on the shores of Loch Shin near P.m:m in the Highland region of moo:msn._.
It consisted of prismatic crystals up 1o approximately 10 mm % | mm x 0.5 mm in
size in massive aggregates. The crystals were vitreous in appearance and very
brittle.

‘For use in the injection studies, the three asbestiform tremolites (samples 1-3]
were all prepared in exactly the same way. The materials were packed into the
cylinders of Timbrell dust dispensers'® and airborne dusts were generated. Respi-
rable fractions of these dusts were collected using a vertical elutriator.'® Ne
further purification was required. :

The Italian tremolite had to be broken by hand to separate the thicker, longe!
bundles before packing into the Timbrell dust dispenser, but the material was ther
treated in the same manner as the asbestiform varieties. Fortunately the larpt
bundles of fiber were very easy lo split and separate because of their brittl
nature.

The Dornie tremolite differed again in the treatment required. The crumblet
crystal powder was washed free of organic material {minor rootlels) by repeatec
sedimentation in distilled water. The tremolite was collected by decanting off the
water and drying the powder at 110°C overnight. This loose material ooq,w._mﬁa.
mainly of small needle-like crystals which were used for dust preparation a
above.

The prismatic crystals of the Shinness tremolite could not be used directly t
generate airborne dust because of the high physical strength of the crystal mass
The individual crystals and clumps were hand-picked for purity from & roughl
crushed preparation and these were then ground in distilled water for 5 minute
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using a corundum micronizing mill. The resulting powder was collected by filtra-
tion, dried at 110°C overnight, and then used for dust generation.

For the animal injection studies weighed amounts of the six tremolite dust
samples were suspended in phosphate-buffered saline {PBS) so that the planned
dose of 10 mg was contained in a saline volume of 2.0 ml. This dose was adminis-
tered to groups of either 33 or 36 3-month-old rats of the AF/Han strain as a single
intraperitoneal injection. For the injection, animals were anaesthetized with ether
and after recovery were allowed to live out their full life span until they showed
signs of debility or tumor formation. In most instances the diagnosis of mesothe-
lioma was obvious at autopsy, but, in cases of doubt, appropriate tissue was taken
for histological examination. The specimen was fixed in formal saline and embed-
ded in paraffin wax. Sections were stained with hematoxylin and eosin for histo-
Jogical examination.

All of the minerals were analyzed qualitatively by X-ray diffraction using
a Philips X-ray powder diffractometer, by infrared spectrophotometry using a
Perkin Elmer spectrophotometer (PE 580), and by polarized light microscopy.
Small samples of minerals were also evaluated by scanning electron mi-
croscopy (SEM) (Cambridge Instruments S250 Mark 2) and transmission elec-
tron microscopy (TEM) (Hitachi H7000), with individual particles analyzed
semiquantitatively using energy-dispersive X-ray spectroscopy (Link Analytical
860.200,AN10).

For examination by scanning clectron microscopy, small portions (0.4-0.8
mg) of the clutriated dusts were accurately weighed and made into suspensions
with 100 mi of filtered distilled water (0.2 um pore size filter). Aliquots of different
volumes from 1-10 m! were taken from each suspension and filtered onto 0.2 um-
pore-size polycarbonate filters. For evaluation by scanning electron microscopy,
segments were cut from each filter, mounted on a standard 13 mm sample stub,
and coated with gold before evaluation. :

Size distribution data for each of the tremolite samples were produced by
counting and measuring fibers and particles directly on the screen at a magnifica-
tion of X 10,500. All fibers and particles found in a standard search pattern were
measured while recording the number of fields of view examined. Data were
collected for fibers (aspect ratio >3:1) and particles (aspect ratio <3:1) of all
sizes. Once sufficient data had been collected for description of the shorter fibers
and the smaller particles, these were ignored so that the effort could be concen-
trated on counting and sizing of the larger material. Fifty particles of all sizes were
counted and the number of fields recorded; thereafter a further 100 particles with
their longer dimensions >0.3 um were counted. Three hundred fibers of all sizes
were counted, followed by a count of a further 100 fibers with lengths >5 um,
Data from these assessments were combined, weighted in proportion to the areas
assessed to give estimates of fiber densily in various size ranges. From the mass of
dust known to have been deposited on the whole filter, these figures were then re-
expressed in numbers of fibers or particles per unit mass.

Sratistical analysis of the times at which the deaths associated with me-
sothetiomas were observed appealed to standard methods for analyzing survi-
val data, treating deaths: other than from mesothelioma as censoring events.”
Survival curves were estimated by the Kaplan-Meier method, and analyses
of the relationships between mesothelioma production and expressions of the
doses received by each animal used Cox's proportional hazards regression
modei '8 fitted by maximum likelihood. All computations used the package
BMDP.Y
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RESULTS
Mineralogical Analysis

The X-ray diffraction patterns and the infrared absorption spectra of the si
minerals were essentially identical, with only minor differences in some features

FIGURE 1. Tremolite sample No. 1 Californian tremotite (x10,500). FIGURES 16 ¢
scanning electron microscope photographs of the tremolite dust sampies used in the :
injection studies,

All of the XRD patterns were comparable with the ASTM powder diffracti:
pattern for tremolite from St. Gotthard.? _

Although full quantitative chemical analyses were not mmq:nc out on En fibes
the X-ray counts for the main elements were ail very similar, as shown in Tab
1. These show higher iron and lower magnesium in the Swansea remolite and,
a lesser extent, in the Italian tremolite, but these differences are not considered

be important.
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ABLE L. ?.o.uo:monm of Simple X-ray Counts for the Major Elements of the Six
remolite Minerals

Source of Tremalite Samples

lement California Korea Swansea Ala di Stura Dornie Shinness
Si 65.8 65.9 66,3 66.3 65.3 6!

. , R . 5.6
Km 11.3 12.0 8.5 il.6 11.8 11.8
Fe 2.0 0.9 4.0 2.3 1.5 0.6
Ca 20.8 211 19.9 20.5 21.0 21.4
Al 0.1 0.3 0.3 ‘0.3 0.5 0.7

d.n overall morphology of the tremolite samples as seen by SEM is illustrated
1 m.:m_:dw 1-6, all of which were produced at the same magnification. In the
ptical microscopy and SEM examinations, the threc asbestos tremolites (sam-
les i~3) were found to be typical of that form in displaying polyftlamentous fiber
undles, curved fibers, fibers with splayed ends, and long, thin, parallel-sided
bers. Most of the fibers showed straight extinction when observed with polarized

-~
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light-under crossed polarizers, indicating tke presence of multiple twinning of the
crystals. All three asbestos samples did contain some elongated fragments of
tremolite with oblique extinction, stepped ends, and nonparallel sides indicating
that they-were cleavage fragments. These were more abundant in the Korean and
the. Swansea minerals. The noofibrous proportions of the dusts ol these three
minerals were very low. The tremolite from Italy contained mostly cleavage
fragmeiits, but some very long, thin fibers were observed. Similarly, the Dornie

FIGURE 3. Tremalite sample No. 3: tremolite supplied by the laboratory from Swanse
(X 10,500).

tremolite also contained a small proportion of long, thin asbestiform fibers, bt
was predominantly made up of cleavage fragments. Both contained a high propo!
tion of nonfibrous tremolite particles, The Shinness tremolite dust was almo:
exclusively composed of cleavage fragments, only a small proportion of whic
had an aspect ratio greater than 3: 1.

The number of fibers >8 um in length in the injected doses ranged betwee
13,000 x 10¢ for the California tremolite to 460 x 10° for the Shinness tremolit
Complete fiber and particle sizing data are presented in TABLES 2 and 3.




FIGURE 4. Tremolite sample No. 4: tremolite from Ala di Stura (Italy) (% 10,500).

Injection Studles

The proportion of animals developing peritoneal mesotheliomas in each exper-
:ntal group is illustrated in TABLE 4, together with the median survival time of
wor-bearing animals and condensed data relating to the numbers of fibers and
ticles. Samples 1-3 produced tumors in almost all animals, although with
iificant differences in the distributions of the times at which deaths occurred.
nple 4 produced tumors in §7% of animals, but with a longer median survival
e than that of the previous groups, whereas samples 5 and & produced too few
1ors for median survival times ta be calculated.

The whole data set, with dose considered initially in terms of the mass of all
rs, was analyzed by fitting Cox's proportional hazards model. Estimates of the
itive hazards of the six dusts are illustrated in TAsLE 4, with sample 3 chosen
itrarily as the baseline, The estimated coefficients are on the log scale and
.cate, for example, that the Californian tremolite (sample 1) is exp (0.8303) =
times as hazardous as the Korean tremolite (sample 3).

For comparisons of the carcinogenicity of the six tremolite samples in refation
he numbers of fibers of different dimensions, fibers were classified into ten
ips. Length groupings were 0-1 pum, 1-3 pm, 3-5 um, 5-8 um, and >8 pm,
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Diameters were <0.25 um and >90.25 um. Fibers with dimensions exactly egual 1o
the class boundary have been included with the larger fiber group. Logs ol these
numbers were used as explanatory variables in Cox's proportional hazards regres-
sion models. The model that fitted separate relative hazards yielded a log likeli-
hood statistic for differences amongst the six types of 269.99 with five degrees of
freedom. Fitting instead to a dose parameter will yield a smaller Chi-squared
statistic, with a single degree of freedom, and the difference ncs.cm treated as a
Chi-squared goodness-of-fit test, with four degrees of freedom, ol the Eﬁcanu;
that a single parameter regression is an adequate representation of ﬁ_._mu_.n:nmm
between the types. Goodness-of-fit statistics have been calculated in this way for
a variety of different fiber number parameters and these are summarized in TABLE
5. The smallest value, indicating the best fit, was achieved for the longest, thinnest
fibers (length >B um, diameter <0.25 um). However, with four degrees of free-
dom, a Chi-squared statistic of over 40 is very significant, indicating that even in
this case the fit to a straight line is not good and that the carcinogenicity of the
group of tremolite samples examined does not relate entirely to fibers of uny one
of the size ranges examined.

FIGURE §. Tremolite mE__u‘F No. 5: tremolite from Carr Brae, Dornie, Scotland (x 10,500),

Bl




2 to Fiber Length and Diameter®

Length (um)
] 0.00-  L.00-  2.00- 3.00- 4.00- S5.00- 600- 7.00- 8.00- 9.00-
Diameter (km) 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 >10.00 Total
“alifornia
1.000-0.125 56 226 85 ] 0 0 0 0 ] 0 0 367
0.125-0.250 1298 2794 847 452 282 179 108 27 54 9 27 6076
0.250-0.375 85 1073 1016 565 452 125 99 81 18 9 152 3673
0.375-0.500 ) 123 226 198 85 108 45 36 54 45 36 1254
0.500-0.625 0 113 310 254 28 45 134 81 54 27 108 1154
0.625-0.750 0 0 85 56 0 9 9 0 0 0 0] 249
0.750-0.875 0 0 56 113 0 0 0 9 0 6 21 205
0.875-1.000 0 0 0 0 0 0 ] 18 0 0 0 18
>1.000 0 0 0 0 0 ] 18 0 g 18 . 36 81
Total 1439 4629 2625 1637 847 466 412 251 188 108 475 13077
Korea .
0.000-0.125 420 404 65 32 32 13 0 0 0 0 7 973
0.125-0.250 549 1131 420 162 32 -53 13 7 26 0 26 2420
0.250-0.375 0 1066 355 194 32 - 53 46 0 7 40 53 1846
- 0.375-0.500 0 339 258 210 32 53 20 20 0 7 9?2 1031
0.500-0.625 0 129 258 194 97 53 33 20 13 7 40 343
0.625-0.750 0 ] 65 16 83 20 7 0 ] 0 7 195
0.750-0.875 0 0 16 32 0 13 0 0 0 0 20 81
0.875-1.000 0 0 16 32 0 13 0 0 0 7 0 68
>1.000 0 0 0 0 32 26 0 ] 20 7 53 138
Total 969 3070 1454 872 339 297 119 46 &6 66 297 7595
Swansea
0.000-0.125 26 0 0 0 0 0 0 0 0 0 0 26
0.125-0.250 3 62 15 15 0 12 0 (] ] 6 3 144
0.250-0.375 10 144 88 15 16 0 6 3 3 0 12 317
0.375-0.500 e - 5 98 10 51 26 6 9 15 0 12 283
0.500-0.625 0 57 165 72 134 It 35 20 20 9 23 573
0.625-0.750 0 0 41 36 26 12 15 6 0 0 23 158
0.750-0.875 0 0 21 - 2 15 15 18 0 3 12 23 132
0.875-1.000 0 0 10 21 5 15 [\ 9 9 6 26 100
>1.000 0 0 0 41 51 38 20 35 6 12 137 34§
Total 67 319 438 237 319 155 99 82 55 44 260 2074
Ala di Stura (Italy)
0.000-0.125 6 10 19 0 0 0 ] 0 0 i 0 35
0.125-0.250 35 i15 10 3 0 1 0 2 0 0 1 166
0.250-0.375 19 195 77 0 0 "0 i 1 1 0 0 293
0.375-0.500 0 195 80 35 3 6 1 2 0 0 2 4]
0.500-0.625 Q 124 179 70 18 12 2 2 2 1 6 436
0.625--0.150 0 ] 19 13 10 "9 2 2 0 0 2 56
0.750-0.875 0 0 3 13 16 6 4 0 2 g 4 47
0.875-1.000 0 0 0 9 10 ‘2 0 1 1 2 1 34
>1.000 0 0 0 16 26 10 13 8 6 2 26 107
Total 61 638 386 169 102 .44 22 17 12 5 41 1496
Carr Brae, Dornie, Scotland
0.000-0.125 24 24 10 0 0 -0 0 0 0 0 0 58
0.125-0.250 14 51 10 5. 2 0 0 l 0 -0 0 83
0.250-0.375 5 89 14 0 0 7 2 0 ] ] 2 129
0.375-0.500 "0 53 53 27 7 1 4 0 6 1 1 153
0.500-0.625 0 68 101 36 17 .9 2 6 0 0 5 244
0.625-0.750 0 0 4] 5 17 © 3 2 3 6 3 4 84
0.750-0.875 )} 0 14 14 2 1 3 ¢ 2 0 5 42
0.875-1.000 0 ] 7 0 12 4 4 1 2 1 5 38
>1.000 0 0 0 46 19 9 12 23 20 5 64 198
Total 43 285 251 142 77 34 29 34 .36 12 86 1029
Shinness, Scotland
0.000-0.125 4 0 0 0 0 0 0 0 0 0 0 4
0.125-0.250 14 41 5 0 0 0 0 0 0 0 0 &0
-0.250-0.375 15 60 10 1 3 2 0 0 0 Q 0 91
0.375-0.500 0 60 8 4 2 0 0 0 ] 0 0 73
0.500-0.625 0 37 56 9 7 . 0 0 0 0 0 1 109
0.625-0.750 0 0 14 7 3 0 ] 0 ] 0 0 24
0.750--0.875 0 0 7 9 4 3 i 0 0 0 T 24
0.875-1.000 0 0 0 10 2 1 1 0 0 0 1 14
>1.000 0 0 0 14 14 13 9 2 3 3 9 68
Total 33 197 100 52 34 i9 n 2 3 3 11 467
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o Fiber Length and Diameter¢

Length (um) ‘
0.00- 030~ 0.60- 090- 120~ 150- 1.80- 2.30- 240—- 270~
Diameter (m) 030 060 05 120 150 180 210 240 270  3.00 >300 Total
California
0.000-0.300 12750 4217 43 0 0 0 0 0 0 0 8 1709
0.300-0.600 0 3830 1850 8 258 0 86 0 86 0 0 6197
0.600~0.99 "9 0 0 172 86 86 86 0 0 0 0 430
0.900-1.200 0 0 0 0 0 86 0 0 0 0 0 86
1.200-1.500 0 0 0 0 0 0 0 0 0 0 0 0
1.500-1.800 0 0 0 0 0 0 0 0 0 0 0 0
1.800-2.100 0 0 0 0 0 0 0 0 0 0 0 0
2.100-2.400 0 0 0 0 0 0 0 0 0 0 0 0
>2.400 0 0 0 0 0 0 0 0 o 0 0 0
Total 12750 8047 1893 258 344 1T 172 0 86 0 86 23809
Korea
0.000-0.300 7644 1421 0 0 0 0 0 0 0 0 0 9065.
0.300-0.600 . 0 1184 908 395 18 0 0 0 0 0 0 2604
0.600-0.500 0 o 79 79 79 59 0 39 0 0 18 454
0.500-1.200 0 0 0 0 39 39 0 20 0 0 39 138
1.200-1.500 0 0 0 0 0 0 0 0 39 0 20 59
1.500-1.800 0 0 0 0 0 0 20 20 0 0 39 79
1.800-2.100 0 0 0 0 0 0 0 0 0 0 0 0
2.100-2.400 . 0 0 0 0 0 0 0 0 0 0 0 0
>2.400 0 0 0 0 8 0 0 0 0 0 0 0
Total J644 2604 987 414 27 9 20 79 39 0 217 12399
Swansea .
0.000-0.300 3053 385 0 0 0 0 0. 0 0 0 ) 3438
0.300-0.600 0 602 T35 325 0 0 0 0 0 12 0 1674
0,600-0.900 0 0 9% 145 48 84 12 0 0 0 0 385
0.900-1.200 0 0 0 36 0 12 24 2 12 0 0 . 9%
1.200-1.500 0 0 0 0 0 2% 24 0 12 0 0 60
1.500-1.800 0 0 0 0 0 0 0 24 0 0 0 24
.~ 1.800-2.100 0 0 0 0 0 0 0 0 0 0 0 0
2.100-2.400 ) 0 0 0 0 0. 0 0 0 9 0 ¢
>2.400 _ 0 0 0 0 0 0 0 0 0 0 24 24
Total 3053 988 83] 506 @8 10 80 36 24 12 24 5703
gl aat 23564 641 0 0 0 0 0 0 0 0 0 320
00 o S609 5021 1442 267 0 0 0 0 Q 0 1231
g%gg:ao'goo 0 0 961 1496 481 3 107 0 0 0 0 3098
0.900~1.200 . 0 0 o 160 107 427 147 107 0 o g 3237;
1.200-1.500 0 0 0 o 107 267 53 0 (7; g 0 o
1.500-1.800 0 0 0 0 0 0 sg g 100 0 0 0
1.800--2.100 0 0 0 g ’ 0 0 0 0 0 0 0
2.100-2.400 o ¢ 0 H ’ ’ o o 0 o o 0
;giijm 2564 6249 5982 3088 96! 748 320 167 107 0 0 20137
Carr Brae, Dornie, Scotldnd .
0.000-0.300 - 3715 182 0 0 0 0 0 v 0 0 0 4097
510 191 0 0 o 0 0 0 1397
0.300-0.600 0 1337 1359
0.600-0.900 0 0 234 276 149 127 85 8 D 0 0 313
R A A T
1.200-1.500 ¢ 0 . g (2) 0 0 42 85 aQ 4 212
1.500-1.800 g 0 0 0 0 0 0 0 42 64 106
1.800-2.100 2 ’ o o 0 o 0 a2 8
2.100-2.400 0 S : : o 0 0 0 0 o 19 191
;lf{:?o 3715 1720 1592 78S d67 297 22 106 149 127 318 9489
Shinness, Scotland
0.000-0,300 4581 352 4] 0 0 0 0 0 0 0 0 4975
45 124 0 0 0 0 0 0 2757
0.300-0.600 o 1115 1099 0 7
0.600-0.900 ! 0 415 332 290 41 41 0 0 0 0 ;
0.900-1.200 0 1] 0 83 83 83 83 g 2(‘} g a i23
1.200-1.500 : ; 0 SN W % a4 8§ 18
1.500-1.800 ) 0 0 0 0 0 41
0 0 0 0 0 21 0 0 104 124
1.800-2.100 0 0 0 0 0 41 41
2.100-2.400 0 0 0 0 0 0 0 @ #
>2.400 0 0 0 0 0 0 0 0 0 0 :
Total 4581 1472 1555 B29 518 269 187 62 41 41 290 9845
——= T mmmms ot . emmamifiratine of X 10 SO0
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TABLE 4. Summary of Survival Data and Comp

and Particles
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Median
Survival
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FIGURE. 6. .Hmoao_m_n sampie No. 6: tremolite from Shianess, Scotland (%10,500).

TABLE 5. Chi-square (4) Statistics Comparing Goodness-of-Fit of Madel

Regressing Hazard on Dose Expressed as Logarithm of Numbers of Fibers in

Different Size Ranges

Lengths (um)

ALL
0.0-1.0
1.0-3.0
3.0-50
5.0-8.0

Over 8.0
QOver 5.0
Qver 3.0

All

72.63
£7.55
86.51
73.90
68.97
110.87
89.22
77.14

Diameters (um)

<0.25

16.10
1431
80.72
109.3¢
11.62
41.03
67.96
$9.01

>0.25

74.32
63.78
92.34
72.83
72.97
115.16
94.11
79.98
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DISCUSSION

The results of the present study suggest that a wide-sanging group of tremalite
samples all possessed some potential to produce mesotheliomas following injec-
tion into the rat peritoneal cavity. In general, carcinogenicity relates to the num-
ber of long, thin fibers rather than to any of the other dimensional characteristics
of the dusts that were considered, but the relationship was by no means exact.

Twao of the dusts showed definite anomalies with this retationship. The tremolite
from Swansea consisted of somewhat thicker fibers than those of the Korean

" variety, and therefore the number of long fibers in the injected dose was less.

However, although both dusts produced a maximum response in tumor numbers,
the Swansea specimen produced tumors with a significantly Jower induction pe-
riod. This resulted in a higher hazard factor's being calculated, indicating that the
Swansea specimen was the more carcinogenic of the two dusts. These findings
could suggest that some aspect aother than the aumber of long fibers played a part
in the carcinogenic effects of these dusts, but it is also possible that the relation-
ship between long, thin fibers and mesothelioma production is blurred in the
overdose situation that occurred with the asbestiform tremolite in the present
study. The clarification of this problem would need a dose—response study to be
undertaken with injected doses of dusts ranging from the 10 mg already used
down to a level at which tumor production was relatively infrequent.

The other anomaly in the relationship of tremolite carcinogenicity to the num-
ber of long, thin fibers is potentially more important. The Italian tremolite sample
produced tumors in nearly 70% of rats, although the dose injected contained only
about one-third of the number of fibers >8 um in length that were present in the
specimen from Dornie, which produced only 12% of mesotheliomas, It is true that
many of the long fibers in the Dornie specimen were >1 pm in diameter, but if
only fibers >8 pm in length and <0.5 um in diameter were considered, the two
specimens have approximately equal numbers, which still does not conform to
their very different carcinogenic potential. The problem of discriminating asbesti-
form fibers from elongated cleavage fragments has been discussed for some time.
The overall impression gained from dense SEM preparations, as shown in this
paper, is that the Italian tremolite specimen did contain a certain amount of what
most observers would consider asbestiform fibers and that the Dornie specimen
did not. This, however, was not demonstrated by fiber counts undertaken by
routine procedures, possibly because the number of long “‘fibers™ was only a
small proportion of the total. In the present study, the observers sizing fibers by
SEM were initially asked to differentiate between fibers with smooth parallel sides
and those without. This proved impractical to do subjectively with any degree of

_ reproducibility and had to be abandoned as a routinc procedure. These two speci-

mens, however, of the same mineralogical type with proven differences in carci-
nogenicity represent an opportunity to examine the importance of geometric dif-
ferences in tumor production more critically. Perhaps the use of photographs
would permit reproducible differentiation between asbestiform fibers and elon-
gated cleavage fragments that would relate to carcinogenicity.

The part played by the nonfibrous particles of any basically fibrous material in
the harmful effects of dust exposure is difficult to assess, but the results of the
present study suggest that they are of little importance. Although quite high
numbers of nonfibrous particles were present in the three asbestiform tremolite
samples, they made up only an extremely small proportion of the total dust mass
injected, With the other dusts the mass proportion was much higher. 1t could be

postulated that since, after intraperitoneal injection, dusts: Losely aggregate:
into granulomas, a large amount of particulate material could miask the fibers fron
the surrounding cells and thus reduce carcinogenicity. In the present study, how
ever, the dust with the highest proportion of particles {by number) was the Italia
tremolite, which had a higher carcinogenic potential than its overall fiber number
would indicate.

Regardless of these difficulties the present study has demonstrated that a
forms of the mineral tremolite have some carcinogenic potential. The intraperito
neal injection test is, however, extremely sensitive, and it is usually considere:
that, with a 10-mg dose, any dust that produces tumors in fewer than 10% of th
experimental group is unlikely to show evidence of carcinogenicity followin
administration by the more natural route of inhalation. Human exposure to
material such as that obtained from Shinness in Scotland, whether as a pur
mineral dust or as a contaminant of other products, wili almost certainly produc

__po hazard, apd the material from Dornie.is probably to be considered harmless t

human beings as well. The problem lies in distinguishing these “harmless'’ cleav
age fragments from more dangerous fibers, and routine fiber counting, using th
current fiber definitions and counting rules with either optical or electronmicros
copy, is probably inappropriate for this purpose.

SUMMARY

Six samples of tremolite of different morphological type were prepared a
dusts of respirable size and used in intraperitoneal injection studies in rats. Thre
“ashastiform’” tremolites produced mesotheliomas in almost all animals, althoug
with significantty different tumor-induction periods. A brittle type of fibrous tren
olite which, when manipulated to prepare “respirable dust,” produced a samp!
with relatively few asbestiform fibers remaining nonetheless produced tumors i
70% of rats. Two samples of nonfibrous tremolite produced respirable dust sar
ples containing numerous elongated fragments with aspect ratios greater tha
3: 1, which therefore fitted the definition of respirable fibers. Both these sample
produced relatively few tumors, although one had more long “‘fibers” than did th
brittle tremolite that produced 70% of tumors. This study has therefore demor
strated that different morphologic forms of tremolite produce dusts with ver
different carcinogenic potential. Carcinogenicity does not depend simply on th
number of elongated particles injected, and we need to develop methods of distir

‘guishing carcinogenic tremolite fibers from relatively innocuous tremolite dust:

with similar numbers of elongated particles of similar aspect ratios.

REFERENCES

1. Seuxorr, . 1. & D. H. K. LEE. 1978. Asbestos and Disease. Academic Press. Ne
York.

7. Stanton, M. F., M. LAYARD, A. TeGews, E. MILLER, M. MaY & E, MORGAN. 198
Relation of particle dimension to carcinogenicity in amphibole asbestos and oth
fibrous minerals. . Natl. Cancer Inst. §7t 965-975.

3. WAGNER, J. C., M. CHAMBERLAIN, R. C. Brown, G. Berry, F. D. PooLe
R. Davies & D. M. GRIFFITHS. 1982. Biological effects of tremolite. Br. J. Canc
45: 352-360.




490

4.

5.

6.

18.
19.

20.

ANNALS NEW YORK ACADEMY OF SCIENCES

Davis, . M. G., R. E. Borton, K. DonaLbson, A. D. JonNes & B. MILLER. 1985.
Inhalation studies on the effects of tremolite and brucite dust in rats. Carcinogenesis
6: 667-674.

Davis, J. M. G., R. E. BortoN, H. Cowie, K. DONALDSON, 1. P. GORMLEY, A. D.
Jones & A. WRIGHT. 1985. Comparisons of the biological effects of mineral fibre
samples using ir vitro and in vivo assay systems. In [n vitro Effects of Minerai Dusts.
E. G. Beck & J. Bignon, Eds.: 405-411. Springer. Beriin.

Kreinrerp, M., J. MessiTe, O. KooyMan & M. H. Zaki. 1967. Mortality among talc
miners and millers in New York State. Asch. Environ. Health 14: 663-667.

KLEINFELD, M., J. MEssiTE & M. H. Zaki1. 1974. Mortality experiences among talc
wotkers. A follow-up study. J. Occup. Med. 16: 345-349.

YaziciogLy, S., R. Ixayto, K. BaLcr, B. 8. Sayi1 & B. YoruLMaz. 1980. Pleural
calcification, pleural mesotheliomas and bronchial cancers caused by tremolite dust.
Thorax 35: 564-569.

PooLey, F. D. 1976. An examination of the fibrous mineral content of asbestos lung
tissue from the Canadian chrysotile mining industry. Environ. Res. 12: 281-258.
CHuRg, A., B. WiGes, L. DE Paort, B. KaMPE & B. STEVENS. 1984. Lung asbestos
content of chrysotile workers with mesothelioma. Am Rev. Resp. Dis. 130: 1042-

1045.

GrusetH, B, G. Mowe & A, WanNaG. 1983, Fibre type and concentration in the
lungs of workers in an asbestos cement factory. Br. J. Ind. Med. 40: 375-379.

Davis, J. M. G. 1989. Mineral fiber carcinogenesis: Experimental data relating to the
importance of fibre type, size, deposition, dissolution and migration. In Nonoccupa-
tional Exposure to Mineral Fibres. JARC Publication No. 90. 33-46. Intemnational
Agency for Research on Cancer. Lyon, France.

DoRLING, M. & J. ZussMaN. 1987. Charactetistics of asbestiform and non-asbestiform
amphiboles. Lithos 20: 469-489.

LANGER, A. M., R. P. Noran & J. Appison. 1991, Physico-chemical properties of
asbestos as determinants of biological potential. In Mincral Fibers and Health.
D. Liddell & K. Miller, Eds.: 211-229. CRC Press. Boston and London.

TiMBRELL, V., J. W. SKIDMORE, A. W. HyeTT & 1. C. WAGNER. 1970. Exposurc
chambers for inhalation experiments with standard reference samples of asbestos of
the Intemational Union against Cancer (UICC). J. Aerosol Se. 1: 215-223.

BoLton, R. E., J. M. G. Davis, K. DoNALDSON & A. WrIGHT. 1982. Variations in the
carcinogenicity of mineral fibres. Ann. Occup. Byg. 26: 569-582.

GarT, J. J., D. Krewskt, P. N. Lee, R. E. TARONE & I. WAHRENDORF. 1986.
Statistical Methods in Cancer Research, Vol. 3. The Design and Analysis of Long-
term Animal Experiments. International Agency for Research on Cancer. Lyon.

Cox, D. R. & D, Oaxks. 1984, Analysis of Survival Data. Chapman & Hall. London.

Dixon, W. 1., Ed. 1983. BMDP Statistical Software. University of California Press.
Berkeley.

STEMPLE, 1.°S. & G. W. BRINDLEY. 1960. A structural study of talc and talc tremolile

relations. J. Am. Ceramic Soc. 43: 34-42.




4

g A Sy

mrats

INSTITUT DE L'AMIANTE
~ 3330 QUEST, RUE SHERBHUGKE — BUREAY 41
< MONTREAL, (QUEBEC), CANADA H3AZMS |

J.M.G. Davis, J. Addison, R.E. Bolton, X, Donaldson,
A.D. Jones and B.G. Miller

gxmmawmm.wm.wmusu.

Samples of commercially used asbestos, especially chryso-
tile, are frequently contaminated by small amounts of other
fibrous minerals. Among these are tremolite and brucite
although pure tremolite is also produced commercially in
relatively small quantities. In order to determine how

“harmful commercially expiloited tremolite might be in

comparison with other asbestos types and to explore the
possibility that small amounts of tremolite and brucite as
contaminants ¢could significantly affect the pathogenicity of
industrially used chrysotile, long-term animal inhalation
and injection studies using rats were undertaken with what
were considered to be mineralogically pare samples of these
minerals, Rats treated with. tremolite developed very high
levels of pulmonary fibrosis as well as 16 carcinomas and
two mesatheliomas in a group of 39 animals. Tremolite thus
proved to be the most dangerous mineral that we have
studied. Animals treated with ‘brucite’ dgvdoped moderate
levels of pulmonary fibrosis and two carcinomas. Both
tremolite and brucite produced mesotheliomas in >90% of .
animals following {.p. injection. However, it was found that
the supposedly pure brucite in fact contained 10% chry- .
sotile, a level of contamination that could well have been
responsible for the pathological changes found in both
Inhalation and Intraperitoneal Injection studies. The
greatest care should be exercised by industry In handling
tremolite or materials contaminated with it,

Introduction

The fibrogenic and carcinogenic potental of the main
commercially used varieties of asbesios have been well docu-
mented (1). Recently; bowever, attention has beendrawn to the
fact that asbestos ore bodies, particularly those of chrysotile,
are not mincralogically pure. Mixed with the asbestos are other
minerals, some of them fibrous, which remain as contaminants
in the final asbestos products supplied to industry from the
mines. Two such minerals are brucite and tremolite, Brucite,
Mg(OH),, is quite distinct from all the asbestos varieties in
that it does not contain silicon but it is commonly found in chry-
sotile and other serpenunes since it often forms in similar geo-

. logical conditions. It can occur in the form of solid fibres, as

wbular' crystals, or in large foliated masses. Tremolite,
Ca,Mg,Sn,O,,(OH),. is a commonly occurring amphibole
mineral which is only rarely found as a pure fibrous asbesti-
form variety in quantities large enough for commercial explai-
tation. It is found mora frequentdy in both the asbestiform and
non-fibrous states as a contaminant in other materials such as

‘Ab&wﬁm SEM, scanning electron Imianuopy; XRD, X-ray
fifEracs; ‘

‘© IRL Press L, Oxford, Engiand.
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tale, chrysotile and vermiculite (2). The identification of any 82
sarmple of tremolite as asbestiform depends among other things
upon its length and diameser disuibutions. Campbdl (3) and
Campbell #r gl. (4) have shown thar asbestiform varietes of
minerals have significandy longer and finer size distributions
than their non-asbestiform equivalents.

Eavironmental txposure to tremolite in Turkey has been
implicated in the development of human bronchial carcinomas
and mesotheliomas (5). It has also been reported that the lungs
of chrysotile miners can contain as much tremolite at autopsy as
ch:ysonlc evea though onlyasmallpememageofmomcwas
present in the original ore body (6,7). Mesotheliomas in
workers exposed to chrysotile are exiremely rare and it has
been disputed whether or not chrysodle aione can produce these
tumours in humans. A few well-documented cases of meso-
thelioma in chrysotle workers do exist, where exposure w0 |
crocidolite or amosite appears to have been excluded but now
it would appear that tremolite rather than chrysotile itself could
be the canse. Experimental in virro and n vivo injection studies
so far undertaken (8) confirm that wemglite fibres can be
carcinogenic in experimental animals. So™far there is no
epidemiological evidence to suggest thar brucite is implicated
in human disease but animal injection studies by Poit ér al.
G.]O)mwmnbnmwﬁhmmpmdmmuothchomuff -
injected into experimental animals,

AtthelOMmEdmbmhwehzveusedbothmhalmmd
injection studies to compare the biological effects of a sumber
of samples of asbestos and other mineral fibres. The present
studies were undertaken in order to compare the harmful -
potential of tremolite and brucite to that of these other fibrous
matcrials and to obtain more information on the likely import-
ance of their presence as contaminants in other products such as
commercially used talc and chrysotile,

Materials and methods

Mineralogy

The sample of ‘tremolite” used in this study was & commervial material from
Korea. It contained ~95% by mass of pure fibrous tremolits which was
themically and structarally comsisient with published dasa as confirmed by
scanning electron microscopy (SEM)* and X-fay diffraction (XRD) snalysis.

However, 3 few XRD peaks were present which could not be accounted for by
tremaolite. Some of these impurities had a layer structure with & 7.2 A and

'3.6 A spacing typical of minerals such as kaalinite, setpentine. or chrysodle.

The presence of talc wes also suspected. The tremolite irself was chemically
pure, being composed aimost entirely of calcium. magnesium and silicon, with
minor amoums of iron, well within the limits of the compositional cange
petinitied for the minecal,

The brucite used ia this study was chemically und structurally coasistent with
published dam. The specimen was 85+50% by mass of pure brucizs as con-
firmed by SEM and XRD analysis. In addjtion 10 brucite, however, the bulk
material coatsined Pyraurite (M;.Fe,CO.(OH)ut%H,O) This appeared as
mottled brown scgments on a proportion of the brucite fibres under the opuical
microscope. The Pyraurite probably compyised 5--10% of the bulk material,
Chrysorle was also present as <onfirmed by XRD. Since, however, this form:
of analysis gives poor quamtitative results for chrysotile when small smounts. . -
are mixed with other minerals, the bulk tamaple was treated with glacial acetic
acid 20 remove the brucite and the chrysqtile content was estimated by i.r.

. B _ ry .
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Fig. L. Length distribotions of fibres of wemolite and brucite 35 am in
length obtajned by phase coprast light micrascopy,

analysis. This technique showed that chrysotils comprised ~10% of the
“brucite’ simple.

Dust generation and monitoring

The planned dust concentzations was 10 mg/m? of respirable dust. The dust

clouds were gencrated using a Timbrell dust gencrator and inhalation chambers -

as-described by Timbreil ef al. (11) but modified as described by Beckent (12).
Selecting the airbome dust by a cyclone system prior 10 injecting it into the
chamber airstream ensured a high proportion of respirable dust in the clouds.

" ‘The dust generators were able 1o produce suitsbie clouds af tremalite dust from
the bulk sample as it was received. Generation of a respirable dust cloud from
the brucite sample required some preliminary breakage and dispersion by pass-
ing it through square-toothed intzrmeshed steel rollers prior 10 loading into the
dust generator.

The mass concentration of dust in the chambers was measured dajly by
sampling throughout the 7 h of exposure using both an oper filter holder facing
vertically downwards and a Casella MRE113A dust sampling insrument. The
former sampler monitored the total dust concentration and the laner monitored
the respirable dust mass concentration. The target mean respirabile dust con-
centration of 10 mg/m? was schieved by adjusting the equipment in response
o 23ch daily messurement.

The flbre number concencration was estimated from shont period membrane

- filter samples taken on ~ 100 separate days. The number concentration for -

these samples was taken as being propertional (o the mass concentration for that
day, thus giving a mass/number ratio which was then averaged over 100 days.
The membrane filter samples were examined by phase-contrast optical micro-
scopy, following the normal practice for accupational hygicne measurements

(13). This routine technique defines fibres to be inciuded in the count by criteria .

“of size; length >$ microns, diameter <) microns, and aspect matio >3: 1.
The size distribution of fibres was examined by both phasescontrast optical
" microscopy and SEM. ‘The optical swdies were petformed by a single
observet, but all SEM studies were underiaken by two observers. Samples for
¢lectron microscopy were collected on Nucleopare filters. A portion of ¢ach
fillar was subsequently atached to aa eiectron microscope stub with s conduc-
tive adhesive (carbon pasie) and spuiter coated with 2 1% 1 T :dd. The
samples were examined by SEM (Cambridge Instroc...... . . .- . 000x
magnification and measurements taken on the length and diameter of those
fibres with aspect ratio >3: 1, length >0.4 microns and diameter >3 mictons.
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The minimum length required arises from the combination of the aspect ratio
definition and the resolution limit, which for the SEM corresponds 1o a fibre of
={.1 micron diameter. Some fibres of <0.] micron diameter were detected
and reported and measured as closer 10 0.05 microns but generaily fibre dia-
melers were measured to the nearest 0.1 micron.
Animal inhalation studies
For the inhalation swdies groups of 48 SPF male Wistar rats of the AF/Han
sirain were exposed to cither tremolite or brucite dust for 7 h each day, 5 days
aweek, for 3 ol of 224 days, during a period of 12 months. The animals were
10 weeks old at the stant of dusting. A batch of 36 undusted animals was main-
tained within the same unit as controls during the same ovefall time period.
Four animals from each group were killed at the end of the 12 months dusting
period and four more were killed 6 months later. The remaining animats were
tef; for their full life span except that the study was terminated when the number
of survivors in ane group dropped to six. Estimations of early pathological
Jesions were limited to the small groups of animals from the first two killing
dazes. However, for the more advanced l¢sions occurring in the oldest animals,
it was decided 10 include all those dying within 2 months of the final killing
dare. In practice this produced groups of 12 animals for cach dust treatment.
Tissue used for hiswlogical examination was fixed with 10% formol saline
solution and embedded in paraffin wax. Lungs were fixed by inflation at 8
standard presture of 30 cm of fixative. Subsequently the tracheas were ligaed
and the lungs exeised and immersed in fixative. Sections were cut in the coronal
plane at | mm imervals and were stained by cither hacmatoxylin and eosin, Van
Geison's method for coliagen or Gordon and Sweet's stain for reticulin.
Measurement of puimonary fibrosis was underiaken by similar methods 10

" those previously published by Davis ez af (14) exsept that an electronic image

analyser (Graphic Information Systems Limited, GDS1) was available for use
in conjunction with the light microscope. Single Jung sections were examined
with the section sciected 10 contain the maximum area of lung pareachyma. As
previously described, interstitial fibrosis was estimated using a 2x microscope
objective lens and is expressed as 8 percenuage of ol lung-tissuc area. Peri-
bronchiolar lesions are more pumerous and smailer and sa the lung tissue was

. scanned with an eye-piece graticule covering an area of 2.9 mm and divided
* _into 10O squares. A 4x objective leny was used. Peribronchiolar lesions were

recorded as a percentage of squares coniaining lesions of this type. Small arcas
of irregular alveolar wall damage were measured by the same wechniques.

- However, since these lesions were difficult in all cases to distinguish from frag-

ments of peribroachiolar {ibresis included in the sections aa overall measures

_ ment was undertaken initially to include both lesions, followed by 3 second one

involving only definite peribronchiolar fibrosis. An estimate of ung tissue with
irregular alveolar wall damage was obtained by subiraction.

Lung duss content

Lung dust estimations were psrformed on animals from the firet two killing
dated. Only the left tung was used $o that the right lung was available for histo-
logical sudies. Duut renined in the lungs was recovered by 3 low-emperamire
plasme ashing process using a Nanotech. P100 apparams. Studies in this
laboratory have shown that the dust content ratio berween Jeft and right fungs
foilowing eaperimental inhalation of fibrous dusts such as asbestos in rats is
0.6:1 and this correction factor was thercfore used 10 estimate the. 1ol
pulmonary dust burden of each animal.

The tremolite residues were washed in 0.2 m HCI at room temperature
before esrimations of the amounts of retined fibre were made using the i.r.
spectrophotometer techniques described by Middleton et al. (15). Since brucite
is known to be highly solubie in acids, the brucite residues were washed only
with distilled water initislly. However, because the original dust cloud had
contained a significant propostion of chrysotile asbestos, the analysis of these
lung dust residues was repeared after washing with glacial acetic acid.
Animal infecrion studles
In addition to the inhalation studies, the ability of the tremolitc and brucite w
produce mesotheliomas was examined using the i.p. injection assay. A dose of
25 mg of dust suspended in 2 ml of Dulbecco’s phosphate buffered saline was
injected under ether anuesthetic into the peritoneal cavities of two groups of 32
rats of the AF/Han strain, The dust was collected from the animal inhalation
chamber by an elutriation process and represented the respicable fraction of the
dust cloud (16).

Results

Dust characterisarion

The planned average mass dust concentration of both tremolite
and brucits was achieved during the dusting period with >40%
of the daily dust concentrations within 3 mg/m’ of the target
conceatration.
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phages and fibroblasts but 2 few foreign giant cells were also
present. The deposits of granulation tssue tended to be both
larger and more frequent in animals reated with wemolite than
in thase that had inhaled brucite. When the degree of involve-
ment of the lung parenchyrmna was assessed (Table I), the differ-
ence between the two dust treatments at both 12 and 18 months
after the start of dusting was statistically significant (p<0.01).
During this peried, the Tesions did not increass in size and fre-
- quency and indeed in the tremolite~treated animals the
]8-month group produced lower figures than those found ar
12 moanths. With the simall groups of animals examined, how-
ever, this reduction was npot statistically significant. After
18 months from the start of dusting widespread interstitial
fibrosis developed and this tended to cbscure the earlier fibrotic
deposits. For this reason, estimadons of peribronchiolar fibro-
sis were limited to the first two killing dates, At 12 months after
v the start of dusting there was marked reticulin staining in the
peribronchiolar deposits although relarively lile collagen
could be demoustrated by Van Geison's stain. As the animais
2ged, however, collagen smining became progressively more
marked, Within the areas of peribronchiclar fibrosis, many
tremolite fibres were clearly visible with the light microscope.
Brucite fibres could not be seen, however, at any stage.
In additien to the peribronchiolar lesions, macrophages con-
. taining dust wére visible in most alveoli at the end of the dusting
: period aithough they were more frequent close to the terminal

- 670

bronchioles. In addition, however, there were smail irregular

patches of alveolar wall damage and thickening (Figure 6), Ris

possible that these small areas of damage represent precursors

of the more widespread and distinct areas of interstitial fibrosis
that developed in the older animals although this has not yet

been proved. As shown in Table I, however, the extent of this

type of pathological change in the individuals of any group of
animals bears a close relationship 10 the amoumt of peri-

bronchiolar fibrosis present. In the presemt study, animals

treated with tremolite had significanty more of this alveclar
damage than those wreated with brucite (p<0.01).

From about 18 months onwards, areas of lung tissue in some
animals showed a progressive thickening of alveolar sepra. In
its earlicst form this thickening was caused almost eatirely by
hyperpiasia of alveolar lining cells but later there was consider-
able deposition of reticulin and eventually coilagen in the septal
walls (Figure 7). Pust deposits were frequently visible among
the fibrous dssues in the thickened septa in animals treated with
tremolite dust. As shown in Table 1, areas of interstitial fibrosis
became more widespread in both treatment groups as the
animals aged but far mare was found in the wemolite-treated
group than in the animals that had inhaled brucite (2<0.01), In
some areas the interstial fibrotic element of these lesions
remained predominant throhghout the study but in others the
hyperplasia of alveolar epithelial cells became progressively
morc marked to produce p pauers of adenomatosis. Some
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Fig. 6. A tight microscope section of lung tissue from a ras that had inhaled tremolite-dust for 12 months. Ons respiratofy bronchiole is surrounded by masses ‘
of fibrous tissue (F). In addition, the alveoli in two arca (outlined) show Irpegulat thickening. (00x magnification) \

Table L. Levels of pulmosary fibrosis and irregular alveolar wall thickening produced by remoliie and brucite dusts \
, Tremelite ’ Brucite \
Time after san of . i
exposure (months) v ] 71-3 12 18 271-9 \ .
peribronchiolar fibrosis 23.0 13.4 - 1.6 17 - |
Qr.4-2420° 9.7-18.9) ©5-2.7 {1.0-1.9) ;
Jrregulir alveolsr vall* 352 717 - 5.8 7.6 -
thickening @1.1-41.0) (20.8-35.4) ¢.1-19 .6~9.9)
Interstisial fibrosis 0 . 30 14.5 0.8 0 9
. . ©-5.6) . (3.8-26.9) ©-3.9 {02~8.9)
Number of s examined 3 4 1 4 4 12.

sEstimates obtained by subtraction (see text).
YFigures in brackets 1% standard deviations.”

mass of tremolite retained in the rat lungs was almost identical ~ the tremolite dust used in OUF inhalation study is likely t0 have
1o that previously found with other amphiboie dusts 3t both  been dueto is high content of long thin fibres. These studies
12 and 18 months after the start of dusting so that the number  would suggest that rremolite samples containing thin fibres
of tremolite fibres present in the lupg tissue would have been - should be weated with appro’pria_te caution if used by industry.

correspondingly high. Stanton's work was undertaken using  In addition, samples of chrysotile and talc contaminated with
the technique of intrapleural implantation and the injection tremolite are more likely to be more harmful than uncontami-
studies reported in the present paper have confirmed that nated material.

wemolite is very highly carcinogenic in this type ofcxperiment. The results of the brucite studics indicate more complex
There is, however, no reason why the same criteria chould not  patterns. The bulk brucite sampie used for this -work was con-

apply to the lung parenchymmdthe carcinogenic potential of  sidered to be as pure as can be obtained. Howevet, both the
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appropriate care by industry. In addition, the idea that the
pathogenicity of the ‘brucite’ sample examined could be due to
its chrysotile content highlights the problem of attributing
abserved pathological effects 1o individual components of a
mixed dust sample.
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.t other commercially used materials such as vermiculite and marble can also
ontain tremolite asbestos, and concern regarding the full significance of this
ontamination is increasing. Tremolite is a comparatively simple calcium magne-
jum silicate with an ideal chemical formula of Ca;MgsSi§0::(0OH),. The Interna-
ional Mineralogical Association guidelines on the nomenclature of amphiboles
estricts the use of the term tremolite to compositions very close to the ideal
ormula, although a certain amount of substitution of iron for magnesium, sodium
or calcium, and aluminium for silica is permitted (similar minerals with progres-
ively more iron in the formula are referred to as actinolite and ferro-actinolite).
“remolite is a common and widespread amphibole mineral simply because the
wsaciation of the chemical components, calcium, magnesium and silica, is com-
non within the metamorphic rocks of all of the major mountain belts of the world.
“or example, dolomite limestanes (CaMg(COs),) in sedimentary rock sequences
»r the large serpentinite masses (high Mg content) of these regions were often
sonverted to tremolite rocks by the great pressures and high temperatures of the
nountain-building processes. The comparaltively simple compositions and abun-
jance of the parent materials lead to frequent occurrences of amphibole minerals
very close indeed to the ideal tremolite compaosition.

While the different occurrences of tremolite may be remarkably consistent in
“hemical terms, the mineral may show a very wide variation in morphological
aabit. Depending on the exact pressure, temperature and tectonic conditions
prevailing at the time of its formation, the tremolite may have crystallized as
coarse, prismatic, massive crystals or as fine asbestiform fibers. Dorling and
zussman'? describe a very wide range of these different varieties, and, despite
extremely careful evaluation using a variety of analytical techniques, including
high-resolution transmission electron microscopy and detailed chemical analysis,
they were unabie to provide an entirely satisfactory explanation of the different
morphological varieties. More recent work'® has suggested that asbestos could be
differentiated on the basis of such features as the presence of polyfilamentous
fiber bundles, the proportions of multiple crystal twins, and the frequency of
chain-width errors in the crystal structure,

Tremolite contamination of cther materials can range from pure asbestiform
fibers through irregular if elongated spicules to nonfibrous particles. While the
asbestiform fibers are knawn to be hazardous, the level of hazard associated with
other morphological habits is uncertain. In these circumstances concern has been
expressed over the use of any product contaminated with any form of tremolite
and a ctear definition of the hazard to be expected from all tremolite types is
greatly needed. Wagner ef al.’ commenced an examination of the relative carcino-
genicity of asbestiform and nonasbestiform tremolite, but interpretation of the
results was made difficult by poor animal survival. The present study was planned
to examine this probiem in more detail and the carcinogenicity of tremolite asbes-
tos und nonasbestos varieties has been examined in rats using the technique of
intraperitoneal injection.

MATERIALS AND METHODS

The six tremalite minerals used in the present study are listed below.

(1 California tremolite from Jamestown
£2) Korean tremolite
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(3) Tremolite from Swansea

{4) Italian tremolite (Ala di Stura)

(5) Tremotite from Carr Brae, Dornie, Scotland
(6) Tremolite from Shinness, Scotland

Specimens -3 were donated to the Institute of Oonc.nm:o:w_ Medicine in
Rdinburgh as refercnce samples, and only with specimen 2 is their nxpn.,_cﬁ_:o:
of origin known. Sample 3 was donated by the British Coal Laboratory in Swan-
sea and in this case even the country of origin mm,:zoam.::, All three specimens
had a very distinctive asbestiform morphology, being fiexible and strong and fairly
clastic. The Californian tremolite was the finest and mwvm:wa:z m:n no:.m:amr
having fibers that were difficult to separate. The Korean tremolite differed in that
it was already quite highly processed by milling when it was ...onn_<aa.m:a was also
mildly contaminated by chrysotile.*3 The Swansea tremolite consisted of fine,

sily separable fibers. )
o .H.ﬁa %mao:»o from Ala di Stura (in a small valley in .:o::inﬁ.mg Italy) dif-
fered from the first three in very distinctive ways. [t ocsm_ﬂ.& of large g:a._nm om
very long (often >5 cm) needle-like fibers éamr were nnﬁEo and very elastic but
quite brittle. It had a bright vitreous luster, unlike the more matt appearance of the
first three tremolite samples. The tremolite from Dornie was similar to the ltalian
tremolité in its-vitreous luster, but contrasted with it in being 4 finc powdery
material. The original specimen was collected from a road cutting near _.uo:.:a in
the Highland region of Scotland. The cutcrop is one of a series <<m:2.o :._m:-w_..pcn
metamorphic marble, dolomite, and calcium silicates are found. The original ma-
terial was extremely friable and the sample was spon reduced to a fine, soft
powder in the course of handling when wet in a plastic bag. - . :

The tremolite from Shinness was collected from a small, .a_wzmwa marble
quarry on the shores of Loch Shin near Lairg in the Highland region of wnozms@.
It consisted of prismatic crystals up to approximately 10 mm X I mm X 0.5 mmin
size in massive aggregates. The crystals were vitreous in appearance and very
brittle. ) )

‘For use in the-injection studies, the three asbestiform tremolites (samples 1-3)
were all prepared in exactly the same way. The materials were packed into :,.n
cylinders of Timbrell dust dispensers'® and airborne dusts were generated. mmmn_-
rable fractions of these dusts were collected using a vertical elutriator. No
further purification was required, : .

The Italian tremolite had to be broken by hand to separate the thicker, longer
bundles before .uwo_aam into the Timbrell dust dispenser, but the material was then
treated in the same manner as the asbestiform varicties. Fortunately the large
bundles of fiber were very easy to split and separate because of their brittle
nature. . ) .

The Dornie tremolite differed again in the treatment required. The crumbled
crystal powder was washed free of organic material (minor rootlets) by repeated
sedimentation in distilled water. The remolite was oomno_mn by decanting o@. the
water and drying the powder at 110°C overnight. This loose material oo:.m_mﬂ&
mainly of small necdle-like crystals which were used for dusi preparation as
above. : ] _

The prismatic crystals of the Shinness tremolite could not be used directly t¢
generate airborne dust because of the high v:«_mwmm_ strength of the crystal mass
The indjvidual crystals and clumps were vmna-vﬁwoa. m.: purity from a B.cmr:
crushed preparation and these were then ground in distilled water for 5 minutet
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raBiE 1. Proportions of Simple X-ray Counts for the Major i
Tremolite Minerals alor Blements of the Six

Source of Tremolile Samples

Element California Korea Swansea Ala di Stura Dornie Shinness
Si 65.8 65.9 66.3 66.3 65
X ) i 3 65.6
Mg 1.3 12.0 8.5 11.6 1.8 11.8
Fe 2.0 09 4.0 23 1.5 0.6
Ca 20.8 21.1 19.9 20.5 21.0 21.4
Af 0.1 0.3 0.3 ‘0.3 0.5 0.7

) The overall morphology of the tremolite samples as seen b isi

in H.u,mﬁom 1-6, all of which were produced E_u the same Swwﬂmmvww_ﬂm&_«_.cwﬁ» “MM
optical microscopy and SEM examinations, the three asbestos :oao_:mw (sam-
ples -3} were found to be typical of that form in displaying polyfilamentous fiber
bundles, curved fibers, fibers with splayed ends, and long, thin, parallel-sided
fibers. Most of the fibers showed straight extinction when observed with polarized

DAVIS et al: MORPHOLOGIC SHAPE OF TREMOLITE 479

light under crossed poiarizers, indicating tie presence of multiple twinning of the
crystals. All three asbestos samples did contain some elonpated fragmenis of
tremolite with oblique extinction, stepped ends, and nonparallel sides indicating
that they were cleavage frapments. These were more abundant in the Korean and
the. Swansea minerals. The nonfibrous propartions of the dusts of these three
minerals were very low. The tremolite from Italy contained mostly cleavage
fragments, but some very long, thin fibers were observed. Similarly, the Dornie

FIGURE 3. Tremolite sample Neo. 3: tremolite supplied by the laboratory from Swanse
(x10,500). . .

tremolite also contained a small proportion of long, thin asbestiform fibers, bt
was predominantly made up of cleavage fragments. Both contaiped a high propos
tion of nonfibrous tremolite particles. The Shinness tremolite dust was almo!
exclusively composed of cleavage fragments, only a small proportion of whic
had an aspect ratio greater than 3: 1.

The number of fibers >8 um in length in the injected doses ranged betwec
13,000 X 105 for the California tremolite to 460 X 10° for the Shinness tremolit:
Complete fiber and particle sizing data are presented in TABLES 2 and 3.
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to F:be: Length and Diameters

‘ : Length (um)
. 0.00- 1.00- 2.00- 3.00- 4.00- 500- 6.00- 7.00- 8.00- 9.00-
Diameter (um) 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0¢0  >10.00 Total
 Talifornia
1.000-0.125 56 226 85 0 0 0 0 0 0 i} 0 367
0.125~0.250 1298 2794 847 452 282 179 108 27 54 9 27 6076
0.250-0.375 85 1073 1016 565 452 125 99 8§ 18 9 152 3673
0.375-0.500 0 123 226 198 85 108 45 36 54 45 36 1254
0.500-0.625 0 113 310 254 28 45 134 81 54 27 108 1154
0.625-0.750 0 0 85 56 0 9 9 0 0 0 90 249
0.750-0.875 0 0 56 113 0 0 0 9 ¢ 0 27 205
0.875-1.000 0 0 0 0 ¢ 0 0 18 0 1] 0 18
>1.000 0 0 0 0 0 0 18 0 9 18 36 81
Total 1439 4629 2625 1637 847 466 412 251 188 108 475 13077
Korea .
(.000-0.125 420 404 65 32 32 13 ] 0 0 0 7 973
0.125-0.250 549 1131 420 162 32 -5 13 7 26 0 26 2420
0.250-0.375 0 1066 355 194 32 - 53 46 0 7 40 53 1846
-+ 0.375-0.500 0 339 258 210 32 53 20 20 0 7 92 1031
0.500-0.625 0 129 258 194 97 53 33 20 13 7 40 843
0.625-0.750 0 0 65 16 81 20 7 0 0 0 7 195
0.750-0.875 0 0 16 32 0 13 0 0 0 0 20 81
0.875-1.000 0 0 16 32 0 13 0 0 0 7 0 68
>1.000 0 0 0 0 32 26 0 0 20 7 53 138
Total 969 3070 1454 872 339 297 119 46 66 66 297 7595
Swansea
0.000-0.125 26 0 0 0 0 [t} 0 0 0 0 0 26
0.125-0.250 31 62 15 15 0 12 0 0 0 6 3 144
0.250-0.375 10 144 88 15 36 0 6 3 3 0 12 317
0.375-0.500 0o ° 57 98 10 51 26 6 9 15 0 12 283
0.500-0.625 0 57 165 7 134 38 35 20 20 9 2 573
0.625-0.750 0 4] 41 36 26 12 15 6 0 0 23 158
0.750-0.875 0 0 21 26 15 15 18 0 3 12 23 132
0.875-1.000 0 0 10 2} 5 15 0 9 9 [ 26 100
>1.000 0 0 0 41 51 38 20 35 6 12 137 341
Total 67 319 438 237 319 155 99 82 55 44 260 2074
Ala di Stura (Italy)
0.000--0.125 6 10 19 0 0 0 0 0 0 0 0 35
0.125-0.250 35 115 0 3 0 i 0 2 0 0 1 166
0.250--0.375 19 195 77 0 0 "0 1 l i 0 0 293
0.375-0.500 0 195 8O 35 3 6 1 2 0 0 2 122
0.500-0.625 1] 124 179 70 38 12 2 2 2 1 6 436
0.625-0.750 0 0 19 13 10 "9 2 2 0 0 2 56
0.750-0.875 0 0 3 13 16 6 4 V] 2 0 4 47
0.875-1.000 0 0 0 19 10 2 0 1 1 2 1 34
>1.000 0 0 1} 16 26 .10 13 8 6 2 26 107
Total 61 638 386 169 102 - 44 22 17 {2 5 41 1496
Carr Brae, Dornie, Scotland
0.000-0.125 24 24 10 0 0 -0 0 0 0 0 0 58
0.125-0.250 14 51 10 5. 2 0 0 1 0 0 0 83
0.250-0.375 ] 89 4 10 0 7 2 0 0 0 2 129
0.375-0.500 B ¢ 53 53 27 7 1 4 0 6 1 1 153
0.500-0.625 0 68 101 36 17 : 9 2 6 0 0 5 244
0.625-0.750 0 0 4] 5 17 "3 2 3 & 3 4 84
0.750-0.875 0 0 14 14 2 | 3 0 2 0 5 42
0.875-1.000 [} 0 7 0 12 4 4 1 2 3 5 38
>1.000 0 0 0 46 9 9 12 23 20 5 64 198
Total 43 285 251 142 77 34 29 34 36 12 86 1029
Shinness, Scotland
0.000-0.125 4 0 0 0 0 0 0 0 0 0 0 4
0.125-{.250 14 41 6 0 0 0 0 0 ] 0 0 60
0.250-0.375 15 60 10 1 3 2 0 0 0 0 0 91
0.375-0.500 0 60 8 4 2 0 0 0 0 0 0 73
0.500-0.625 0 37 56 9 7 .0 0 0 0 0 1 109
0.625-0.750 0 0 14 7 3 0 0 0 0 0 0 24
0.750-0.875 0 0 7 9 4 3 i 0 0 0 1 24
0.875-1.000 0 0 0 10 2 1 1 0 0 0 1 14
>1.000 0 -0 ] 14 14 13 9 2 3 3 9 68
Total 33 197 100 52 34 19 11 2 3 3 11 467
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TABLE 4. Summary of Survival Data and Comparison with Selected Re-expressions of 10-mg Dose as Numbers of Fibers

and Particles

Median
Survival Estimated No. (*10%) of No. (10°) of No. (10°) of
Sample No. of No. of Time Relative Fibers in I mg of  Fibers of length =8 Particles in 1 mg
No. Type Animals Mesotheliomas (days) Hazard (log} Injected Dust and diameter <0.25 of Injected Dust
1 California 36 36 301 0.8308 13,430 121 18,375
2 Swansez 36 35 365 0.5593 2,104 8 4,292
3 Korea 13 32 428 0.0000 7,791 48 13,435
4 Italy 36 24 755 ~1.6108 1,293 | 20,137
5 Carr Brae 33 4 * ~3.9043 899 0 9,490
6 Shinness 36 2 * —4.7080 383 0 5,901
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Summary.—Tremolite Is an amphibole which has been implicated in a variety of
disease patterns In different parts of the world. It occurs in a number of phases,
which are chemically Identical but have specific physical characteristics. In an
attempt to clarify the epidemiological findings, 1remolite fibres of 3 specific forms—

A, B and C—were characterized and studied for biclogical activity by:
(i) in vivo intrapleural Injection of rats (2 separate experiments—1 with poor

survival).

{ii} In virro enzyme release from mouse peritoneal macrophages
{ill) in sirro giant-cell formation in A549 cultures

(iv) in virro cytotoxicity for V79-4 cells.

Sample C, which contained more Jong thin fibres than A and B, was alone in
producing mesotheliormnas, C, but not A or B, induced LDH and B-glucuronidase
enzyme release, and induced giant cells. A was not cytotoxic, B moderately cytotoxic
and C as highly cytotoxic as UICC crocidolite.

The in vivo studies were marred by being split between 2 experiments, of which the

second had poor survival.

We are aware of the weakness of our in vivo data, but as Tremohte C was being
considered for commercial use on the European market we felt it timely to submit

our findings for publication.

TREMOUITE is an amphibole mineral (a
chain silicate similar to asbestos) found in
several countries. It has limited industrial
value, but is used for stuccoing the
exterior of buildings in the Middje East.
It is frequently found as a contaminant of
other minerals that are being exploited
commercially. -

Data on the health hazards of tremolite
are currently being collected because it is
an amphibole mineral and may be capable
of causing diseases similar to those in-
duced by amphibole asbestos (\Wagner,
1980, 1952}, A flake-like tremolite is found
as & contaminant of tale in California but so
far there is no evidence of disease which
may be attributed to this tremolite.
In the massive chrysotile ore bodies in

Quebec Provinee in Canada, there are
irregular deposits of a coarse-fibred tre-
molite. This material is found in the lungs
of miners with pulmonary fibrosis and
pleural plaques, but there is no correlation
with' mesotheliomas (Pooley, 1076G).
Further south in the northern part of New
York State, a finer tremolite occurs as a
contaminant of the tale deposits which
are being exploited. From these mines
there is evidence of pulmonary fibrosis,
excess carcinoma of lung and pleura and a
peritoneal mesothelioma (Kleinfeld ef al.,
1907, 1974). Pleural plaques have occurred
in the agricultural areas of Czechoslovakia
and Yugoslavia and in the tobacco-
growing regions of Bulgaria and Greece,
all areas in which coarse tremolite fibres

* Present address: Unilever Research, Cohworth House, Sharmbrook, Bedford, U.K.
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> 1 um in diameter are found in the soil.
In Cyprus, a few mesotheliomas have
occurred among the people living in the
vicinity of the asbestos mine. This mine
has large chrysotile ore bodies associated
with tremolite, some of which is fine-
fibred. These people use the tremolite,
which is scparated from the chrysotile
during the milling process, for stuccoing
their houses. A similar situation exists in
Turkey. where in some areas the tremolite
used for stuecoing is associated with the
incidence of pleural calcification, meso-
theliomas and bronchial canecers (Yazi-
cioglu ef aol., 1980). A pure tremolite
consisting of fine fibres is mined in
South Korea.

The carcinogenic potential of mineral
dusts can be assessed by depositing the
dusts in the pleural cavitiecs of rats,
either by injection (Wagner & Berry,
1969) or implantation (Stanton & Wrench,
1972). Previous work has demonstrated
that the ability of a dust to induce
mesotheliomas is related to the content
of fibres over ~8 pm long and thinner
than ~1-5 pm (Stanton ef al., 1977).
Mammalian eells in tissue culture have
been shown to be sensitive to the toxic

<>

effects of fibres of similar dimensions to
those whichh are carcinogenic in viro
{Brown e al., 1978; Chamberhain o al,,
1979; Wade ef al., 1980). It was considered
important to test 3 types of tremolite
which would cover the spectrum of
particle types found throughout the world,
using both in vivo and tn vitro tests as the
first stage in assessing the potential
health hazards.

MATERIALS AND METHODS

Dusi samples

The three ramples of tremolite available
were the flake.like material from the Cali-
fornian tale deposits, & medium-sized fibrous
minera) from Greenland and the fine-fibred
material from South Xorea. The samples
used in this investigation were selected
beeause upon degradation they were found
to form fibrous particles with very different
size distribution= both in length and dia-
mieter ranges. Al samples were prepared
by milling in & small agate mill and ultra-
ronic dispersion, large particler being re.
moved by sedimentation in water,

Tremolite Sample A was prepared from a
sample of Californian tremolitic tale which

originally contained 629 tale and 389

Fi6. }.—Length and dinmeter distribution of fibres in Tremolite Sample A.
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TasLe L—Particlea!ug tremolile samples

No. of non-fibrous

. parnticies
Semplc (x 1)
A 6-9
B 0.5
c 3-3

tremolite. The tale in the sample was re-
duced Ly froth Aotation to produce a tremalite
sample > 9539, pure. the remaining material
consisting mainly of tale together with minor
magnesium and ealcium carbonate material.
The length and dirmeter distribution of the
fibrous particlex in this sample arc illustrated
by Fig. 1: most fibres were <6 pxm Jong and
< -8 pm dinmeter. The number of particles/
pg is shown in Table 1. The chemical analysis
is contained in Table 11, from which it can
be seen that the iron content of this tre.
molite i relatively Jow, but its distinguishing
feature wax that it contained significantly
more potassivm and sodium than the other
samples.

Sample B was prepared from a tremolite
rock speeimen which originated from Green.
land. On comminution the specimen was
found to Lreak down into fibrous particles.
most of which werc «3 pgm Jong and <}-2
pm diameter (Fig. 2. The number of particles/
pg is shown in Table 1. In comparizon with
Tremolite A. thi= sample contained fibres
which were on average both shorter and
thicker. Sample B contained larger propor-

e,

Total No. of fibres
no. of > 8 um long
fibres (x 10%) and
(x 104) <15 pm dismeter
51 i-7
4-8 l
15-5 56-1

tions of calcium and jron than Sample A
and little potassium (Table 11},

Sample C was prepared from a rock
tpecimen which originated from South Korea,
In appearance, the hand spreimen contained
no visual impurities, and on size reduction
produced a dust which contained fibres up to
140 um Jong. of which most were <0-6.um
dinmeter (see Fig. 3). The fibres in sample C
were very much Jonger and finer than those
in samples A and B. The number of particles/
pp is presented in Table 1, The iron content
of Sample C was lower than that of Sample
B but higher than that of Sample A (Tabie IT).

The chemical compositions of the 3 samples
are very similar. the exceptions beinpg the
I; and Na in Sample A. and the Fe in Sample

Analysis of fibre size disiributions

The methods used for the preparation of
mincral dust samples for viewing in the
transmission electronmicroscope (TEM) have
heen deseribed fully elsewhere (Brown ef al.,
1978). Briefly, an appropriately diluted sus-

R

Fi6. 2.—~Length and diameter distribution of fibres in tremolite Sample B.
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TarLe 11.—Oxidc composition (g/100 g) of tremolite samples (water of crystallization not

included)

Sample NagO MgO AlyO, Bi0, K0 Ca0 FeO
A 3-0 24-5 1-2 56-8 14 8- 0-3
B 0-5. 23-8 0-3 58-3 0.1 13-6 2.0
C 0:8 240 0-4 588 0-2 13-9 0-9

nsion of each dust was filtered on to0 a
0-1um-pore-size Millipore membrane filter. The
filters were coated with earbon and placed
over parallel-bar EM grids which were'on an
sectone-soaked sponge. As the membrane
filters dissalved. the carbon coat, and
the dust particles, were deposited on the
grids which were then viewed by TEM.
Overiapping fields were photographed and
large mosaics constructed. The Jength and
diameter of at Jeast 300 fibres were measured
where possible, and the numbers of fibres
and non-fibrous particles determined. The
ruler advoeated by Cooper ef al. (1978) were
used for counting the fibres on the photo-
graphs. Typical photographs of each dust are
shown in Fig. 4. '

<

In vivo carcinogenicity

The experimental animak used in thix
investipntion were  barrier-protected  SPF
rats of the Spragee-Dawley and Wistar
strains. Each dust sample was prepared in
physiological saline (0-9°, w/v NaCl in
distilled water) at 50 mg/ml and sterilized by
autoclaving (15 1bjin® for 20 min). The dose
of 20 mg of experimental material per rat
was injected into the right pleural cavity
(Wagner & Berry, 1909); animals receiving
04 ml saline served as controls. Equal
numbers of males and females were used in
cach experimental group.

Sample A was injected into 32 Wistar rats
2 years before the rest of the investigation.

Fi6. 3.—Langth and diameter distribution of fibros in Tremolite Ssmple C.
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Rats recciving SFA chrysotile served as
positive controls in this experiment.

Sampies B and C were injeeted into groups
of 48 Sprague-Dawley rats; a group of 32
animals receiving C1CC crocidolite served as
positive controls.

Rats were §-10 wecks old when injected
and were allowed to live cut their lives.

In vitro forxicity

Euncyme release from mouse periloneal
macrophages ~Mouse peritoneal macrophages
were obtained from 22-27g Swiss TO mice
(Tuck and Son Ltd, Battlebridge, Essex) by
peritoneal lavage using 3-5 ml Medium 189
containing § jm. heparin, 100 iu. benzyl-
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penicitlin and 100 g streptomyein per ml
Ahout Fhx 18 eells in 2 ml of the above
medium - were pineed  in albumin-conted
35mm-diameter Petri dishes {Davies. 1080)
amd allowed 1o attach for 1 h at 37°C. The
pon-adherent colls were then remaoved by
washing with phosphate-bufiered saline. The
remaining eell= were caltured in 2 ml Madivm
I containing antiliotics and J0%, heat-
innetivated  acid-treated  foetal calf serum
(Chamberlain ¢f al.. 1979 in an atnosphere of
52, CO. in air at 37°C.

The mediom  of macrophage  cultores
prepared 24 h previously was replaced by 2
m] of medium containing the test dust at 50.
300 or 150 pg/ml: control cultures received
medium without dust. After I8h incubation
the medium was collected and the adherent
cells disrupted by the addition of 2 mi saline
containing (3%, Triton X-104 and (-19,
bovine xerum albumin and rubbing the
Petriadish  surface with a  siliconesruliber
bung. Both the medium and the cell Jysates
were contrifuged at 8 g Jor 310 min and the
supernatants asayved for lactic dehydro-
genase (LDH) and B-glucuronidase (BGL) by
the continvous-flow fluorimetric method of
Morgan ef al. (1978) using a Perkin Elmer
Model 3tk fluorescenee spoctrophotometer.

Giant-cell formation in A5 cullures.—
Type 11 alveolar eclls (A549) derived from
a human tumour (Leiber of al.. 1976) were
obtained from Dr G, Todaro. NCI. Bethesda.
Marviand. U.S.A. The cells were grown in
Duibreco’s maodifieation of Eagle's minimal
exsentinl medium  supplemented with 10%
hent-inaetivated FCS and antibiotics in an
atmasphere of 119y COq in air at 37°C.

A standard inocujum of 105 celis was added
to each of a scries of 25cm? culture flasks
along with an appropriate amount of dust
ruspension. Four fiacks were used for each
dust, 2 at a dust concentration of 100 pg/ml
and 2 at 200 pg:mi. Flasks with no duost
served ax controls. All the cultures were
incubated for 5 davs. the cells detached
using tryvpsin-EDTA and suspended in an
appropriate volume of medium and photo-
graphed on & heemacytometer. The dia-
meters of 200 cells from each treatment were
measured ax described in Chamberlain &-
Brown (1978). -

Cylotozicity to V784 cells.—Chinese ham.
ster Jung colls (V79-4) described by Chn &
Malling {1968) were obtained from Dr C. F.
Arlett, MRC Cell Mutation Unit.” Brighton,

2

and cullured in MEM supplemented  with
15% FOS and antibiotie at 37 C in an
atmaosphere of 5% CU; in air.

This method has been reported in detail
elsewhere  (Chamiwtlain & Brown., 1435).
Bricflv. the survival of Vi9-4 cellx in the
absence ot presence of a series of concentra-
tionx of each dust was determined by adding
the appropriate amount of dust 1o a su<pen.
xion of single cellx. The cellidust mixtures
were then placed on tmm-diameter Petri
dishes {~ 200 cells‘dish) and meubated for
6 davs. After incubation the medium was
removed. the cells fixed with 109, formal
saline and stained with 1%, methyiene blue.
The coloniex on each dish were eounted in an
automatic colony counter (Micro Measure.
mentx Ltd. Cambridge).

RESULTS

Physical characteristics of the dusis

All of the dusts contained fibres;
representative photographs are shown in
Fig. 4. The sizé distributions of the
fibres in ench dust are shown in Figs 1-3
and the numbers. of particies per ug are
presented in Table 1. Somples A and B
contained relatively few fibres and Sample
C contained many very long thin fibres.

Induction of wmesothelionmas

The percentages of rats developing a
mesothelioma following the various treat-
ments are shown in Table I11. The survival
of the animals in Experiment 11 was poor
because of infection. and is discussed later.

In vitro joxicity

Enzyme release from mouse peritoneal
macrophages,—The release of both LDH
and BGL from mouse peritoneal macro-
phages afier 18h incubation with each of
the dusts is shown in Table IV. Samples
A and B had little eflect on the cells,
Sample C induced the release of 30%,
LDH and over 60%;, BGL. -

Giant-cell formation in 4549 cells.—The
percentage of giant cells induced by
each dust in cultures of A549 cells is
shown in Table V. UICC crocidolite
induced a significant percentage of giant
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TasLE 111.—Carcinogenic activities of the dusts in experimental animals

No. of matx
examimned
Erpt 1
Kaline control 32
Nample A a3l
RSYA chrysatile 32
{4 ve control)
Erpe 11
Kithne control k]
Sampie I3 48
Somple ¢ 47
VICC eroidolige 3l

(4 ve control)

Mean wurvival sfier

mesot hehomas

injection {(ays) {%])
i 0
644 0 ()
612 v (62)
552 0 (0
544 B ()
541 14 (3
387 » 2

TanLe IV.—Activity of dusls ugains! mouse peritoneal macrophages, measured by release

of enzymes (mean of 4 cultures + 95°, confidence limits)

Dust st 100 upg/ml

©s LDH release

¢, BGL-release

Control 5-640-4 A-6+0.3
Tremolite A 10-441-2 4.0+0-8
Tremulie B 14-940-8 14-9+2-6
Tremolite C -3+ 0-4 620210
TICC crocidolite an-l4l-7 455445

TasLE V.-—Activity of dusts against 4349 cells (5, of giant cclls, with 95°, confidence
limits; ginnl cells defined as those > 25 pm diumeler)

Treatment :
Control 1-47 (0-5-4-2)
Dose 100 pg/ml 200 pg/ml
Tremolite A 1-0(6-3-3-6) 4-5[2-4-8-3)
Tremwlite B 5-3(3-0.0.2) . 3-0 (1-3-6-9)
Tremolite C 19-8 {14-9-25.8) 345 (1%-1-30-0
VICC erovidolite 13-4 (10-3-19.8) 26G-3 {20-1.32-7)

TasLE V1—Cylotoxicity to V7 9-4 cells

© O survival st 50 up'ml

Dust (% 959, confidence Jimits)
Tremulite A 101:0%11-5
Tremolite B 36-746-7
Tremolite C 3-541-2
T1CC Crocidolite 2.931-0

cells, as reported by Chamberlain &
Brown (1978). Of the test dusts, only
Sample C induced giant cells, and it was
as active as UICC crocidolite.

Cytotoxicily to V'i9-4 cells—The cyto-
toxic potentials of the dusts towards
Vi9-4 cells are shown in Table VI.
Sample A was inert; B was moderately
toxic, but C was as toxic as UICC croci-
dolite,

D1SCUSSION

As indicated in.the introduction, data
on the human health hazards of tremolite
are currently being collected. We report
here experimental studies on both the
carcinogenic effects in vivo and the
evtotoxic effect in vitro, of 3 samples of
tremolite. ‘

Many inarganic dusts have been shown
to be carcinogenie in experimental animals
{for a review see JARC, 1977). Swuanton
el al. (1977) and Stanton & Lavard (1978)
demonstrated that the carcinogenic poten-
tial of a dust correlates with the number
of fibres longer than ~8 pm and thinner
than ~1-5 pm per unit mass. We have
reported previously that fibres of very
similar size are responsible for extotoxic

-—
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efiects in 3 typex of mammalian cells
{Brown ¢f al., 1078. Chamberlain of ol.,
J979), Wade o of. (1950) have miude
similar observations. In view of the fact
that fibres of similar size are botly carcino.
genie in vive and extotoxic in tifro, the
nse of certain mammalian cells for the
detection of potentially pathogenie dusts
has been propased (Chamberlain el al.,
1979 Wade o o, 19%0; Brown ef «l.,
10809,

Only one of the tremolite samples, C,
was carcinogenic. This sample was also
consistently very active in the 3 in vifro
systems. Sample C confained §:Gx 104
fibres >8 pwm long and <153 pm in
diameter per pg. UICC crocidolite, used
as a carcinogen-positive control dust,
contained 64 x 104 fibres of this size per
pe. UICC cracidolite and Tremolite Sample
(' were found to be very similar in their
activities in the in vifro systems (Tables
IV, V & V1). However, Tremolite Sample
C secrued to be more carcinogenie than
TICC erocidolite (Table 111).

It is a weakness that the animal data
reported here thongh from 2 separate
experiments, using 2 straing of rat, were
impaired by the poor survival due to
infection in the second experiment. In
this experiment only 2 Sprague-Dawliey
rats {62,) injected with the UTCC corei-
dolite positive control developed meso-
theliomas. This it much Jower than
obtained previonsly with Wistar rats
{(Wagner e al,, 1973: Berry & Wagner,
1956: Wagner et al., 1980a) which gave
4G6°, mesotheliomas on average. The
mean survival in these earlier experi-
ments was over 4 months Jonger than in
the experiment reported here, which
partly explains the difference in meso-
thelioma rate. However. after allowing for
survival, the mesothelioma rate in the
second experiment reported here was
only between 1/4 and 1/2 of the previous
rates. The reason for this low rate is
unknown, but an obvious possibility is
that it is characteristic of the Sprague-
Dawley strain that we used. However, in
another experiment carried out during

the sme peried, 6 Kprague-Iawley rats
out of 48 developed mesotheliomas after
injeetions with UICC Afriean chrysotile
{(Wagner ¢ al., 19%0) with a mean
survival only one month longer {han with
crocidolite in the experiment reported
here. In Wistar rats U1CC crocidolite
produces more mesotheliomas than UI1CC
¢hrysotile (Wagner ¢ ol., 1973). Thus a
Jow mesothelioma rate is not charscteristic
of the Spragne-Dawley strain that we
used. A second possibility is that the Jow
rote with crocidolite was a chance finding,
and comparizon of the present experiment.
with the carlier ones indicates that this
possibility cannot be excluded (P> 0-1).
The present experiment is imprecise due
to the poor survival: in terms of mesothe.
lioma rate, there is an efficiency of only
40%, of the earlier ones, i.e. the 31 rats
with Jow survival are equivalent to only
12 rats with the longer survival previously
obtained with Wistar rats.

Unsatisfactory though the experiment
on carcinogenesis of Sample C may be,
owing to the near failure of the positive
controls, the fact remains that Sample C
produced 14 mesotheliomas in 47 rats,
whereas Samples A and B produced none.

In view of the foregoing vemarks we
think that it is wiser 1o interpret the data
presented here in a qualitative rather than
a quantitative manner. By analogy with
other members of the amphibole asbestos
mineyals we suspect that Tremolite Sample
(, originating from South Korea, would
be a human health hazard if present in
sufficient airborne concentration. An ex-
periment exposing rats 1o eirborne ¢louds
of this tremwlite by inhalation is now
being planned as the next stage in assess-
ing the potential health hazard.
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mong Tale Miners
in New York State

MD: Olive Kooyman, MD; and!

Mrh!o.;- H. Zaki, M1, Nawo York

-SINCE 1940, the Division of Industrial

Hygiene bas carried out a number ol studies
on lalc minors and millers in thwe northern
part of New YWork state, The prime purpose
of these studies was o ascertain the health
hazards associzted with the exposure to dust
in talc mining and milling. In 1940, a chest
x-ray survey of 221 falc miners and millers
employed in sev ceral plants in this region

disclosed pulmonary fibresis in 32 workers,

. 18 of whom had had ne other occupational

dust exposure. This survey clearly indicated
that exposure in these talc mines and mills
was capable of producing a fibregenic type
of pieumoconiosis.? In 1954, a follow-up
study of the 32 workers with pulmonary
fbrosis disclosed that the pnewnoconiosis
was progressive and disabling but that the
progression was slow and the disability oc-
cutred primarily in the older age group.? A
repert on the clinical, roentzenographic, and
pathological findings in six patients whoe had
an average exposure to tale dust of 26 years
with a range of 20 to 33 years was reported
in 19633 The maijor clinical fedtures were
chronic productive cough, dyspnea, dimin-
ished: breath sounds, limited chest expan-
sion, diffuse rales, and clubbing. The chest
reentgenogram disclosed pulmaonary infilira-
tion both basally and in the midlung fields.
In some instances obscuraticn of the car-
diac borders or costophrenic sinuses, or both,
were present. 'The most frequent patho-
fogical change was a diffuse fibrosis eon-

Subuniitled for publicntion Dec 21, 1966; accepted
Jen 10, 1967,

_From the Division of ¥nduslrisl Hygicne, New
Yotk (Drs. Kleinleld, Messite, and Kooyman), and
the State University of New York, Downstale Medi-
cal Center (Drs. Kieinfeld, Mlessite, and Zaki),
Lrooklyn, NY.

Reprint requests to 60 Centre St, New York IOI)IJ
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taining macrophages with absorbed dust
particles. A pattecn.of endarierilis with inti-

mal hyperplasia was [requenily noted. Dis-
tension of bronchi and brosichioles with for-
ration of cystic spaces was comnmwun. Rather
characteristic was the presence of elmwatcd

ferminally ”ru‘bf)ed bedies liifl'alll‘l"UJ hable.

fiom asbestos bodies as secn in asbe

The pleura Showed dense fibrotic t}ncken-.

ing. Cor pulmonale was the nwjor cemplica-

tion in four of tie six cases and was the.

mechanism of death in three. A comparative
clinical, roentgenographic, and physiologic
study of workers exposed to fibrous ond
granular iale dust was made in 18644 The

“two gronps were similar with regard to age,

sex, degree of exposire, and smolksing hab:t..
There were no significant differences in the
clinical and roentgenographic findings be-
tween the two groups. However, the number
of abnormal values for edch parameter of
pulmonary function measured (VC, VC,,
MBC, RV, TLC, RV/TLC and DL,,) was
appreciably greater in those exposed to
fibrous than to the granular variety of talc.
In 1965, pulmonary function tests were per-
formed on 43 workers engaged in the milling
of the fibrous variety of tale.f The mean du-
ration and weighted .average of exposure
was 19 years and 62.3 million particles per
cubic fool, respectively. An appreciable
number of the workers had abnormal pulmo-
nary function measurements.“This was par-
ticularly evident in the vital capacity, total

lung capacity; and diffusing capacity. There -

were 16 who showed pulmonary infiltration
on their chest roentzenograms as compared
to 27 without such evidence. Those with pos-
itive radiologic findings had a proportion-
ately greater number of respiratory symp-
toms and cigns and abnormal pulmonary
function values as’compured to those with-
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"_the expected mortalities due to

54 MORTALITY AMONG T

cu In general, the cotrelation belweon the
degree of pulmonary function fmpainnent
end the coinicel and  roentgenczraphic

The purpose of the present follow-up
study was twoleld: (1) (o oblain nn estimale
of ihe incidence of dizense amonz this seiect
group ol tale workers, and (21 lo compare
the obzerved mostalily experience from spe-
cific diseaszes with the expecled mortalitly
among a similar basic populaiion.

Malerials and Methods

All talc miners and millers employed in 1940
who had 15 or mere years of exposure to tale
dust as well as those who achieved a minimum
of 15 years of such exposure Letween 1940 and
1965 were included in this study. The group to-
talled 220 workers, and it is believed that the
overall number of 220 constiluted the fotnl
work ‘force in the category under study.

Source of Data—The dala were ohtained
from a number of sources. Plant records were
examined and the work history of each individ-
ual was detailed to include changes of job and
specific years of emplovment. Death certificates
were studied in all instances when available.
The records of the physicians altending the
workers privately were reviewed.
medical information on the majority of the
workers was available in the Division's files and
was used as an additional source of datz. Hos-
pital records including autopsy reports and his-
tological spevimens were examined wherever
available. Aulopsy records were obtained in 35
of the 91 deaths,

Statistical Analysis~The total number of
deaths was distributed in the following catego-
ries: malignancies, cardiac, pneumoconiosis or
cemplications or both, accidents or suicides,
and all other causes. The proportions of mor-
tality from cancer of the lung and pleura and
of the gastroinlestinal tract and peritoneum,
out of the total mortality, werc compared with
the above
causes in the various age groups. The expected
morhhlv represents the propqrhon o! [l _deaths

among whu‘.c‘ men in ThHe Umicd ﬁlntes due tn
tie QpCCIﬂL mmes in thp year 1957, This par-

ticular year was chosen as siandard because it

is lh_c racdian year of death among the 91
deaths. Diffcrences between nbserved and ex-
pected frequencies were tested for significance
using the normal curve with targe numbers and
the Fisher's exact probahilily test for small
frequencies.

ALC MINENS—XLEINPET

Substantial -

D ET AL

Tindings

Toutl Dealiis—There were 91 deaths in
th2 grenp of 220 tale workers. The causes of
death in the varions calezerios are shown an

Table 1. A brecakdown ol the desths accord-
ing to are group showed that 1wo workers
under 40 died, 33 workers who were betwesn
40 and 59 yvears died, 47 between 60 and 79
vears, and four died who were S50 years and
over (T'able 2). The average age at death of
the 91 talec workers was 60.4 years with a
range of 35 to 84 years.

‘Malignancies—O1 the 91 deaths, the ob-
served and expected number of deaths due
to cancers of the lung, pleura,.gastrointesti-
nal tract, and peritonewn are shown in Ta-
ble 2. Of the ten malignancies of ihe lung
and pleura, nine were carcinomas of the
lung and one was a fibrosarcoma of the pleu-
ra. Of the seven malignancies of the gas-
trointestinal tract and peritoneum, two were
cancers of the stomach, and one each of car-
cinoma of the colon, rectum, and pancreas.
There was one prmlary hepatomma of the liv-
er, and the remaining case was a peritoneal
mesothelioma. The malignancies involving
other sites included one case. of retroperito-
neal reticolum cell sarcoma and one of-
chronic lymphatic leukemia.

Cardiac Deaths.—Of the 25 cardiac deaths
excluding cor pulmonale, 19 subjects had
coronary artery disease, three had hyperten-
sive hearl disease, and three had rheumahc
heart disease.

Pneumoconiosis or Comphcahon:. or
Both.—Of the 91 deaths, .23 were due lo
pnewmoconiosis_or complications or both.
Nineteen of the 28 were due to cor pulmo-
nale, five to advanced tuberculesis, and four

. Table 1.—Causes o} Death in 91 Talc Workers

Puring Period of 1340 to 13565

Cause of Death No, i
Maliznancics 19 20.9

Lung and pleura 10 11

Gastrointestinal

and pe rituneum . 7 77

ANl other malignancies 2 22
Cardiac deaths (other than

cor pulmonale) 25 275
PReumoconiosis

and compheations 2B 30.7
Accidents or suicides a8 a.8
All olher causss 11 j2.1

Yolat 91 10C
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2.—Neaths and Expected Llortality F.ro,
Gaslrainieztinal Tract and P rilonciin Le

iihs

Se-NLEINEELD ET AL

C"m.r.-r of the Lt 'ng 'mﬂ' Pi-‘(;:n and

i ":zlﬂ»l

Praporiianat

G1and P‘_ntonn(u

Lunr and Piryrgy

Age G e s e e n am maamm—— o emmmeet bl e et mm om—n e
Groun Pentaneum Obhserved Theoratical The ’(.Ifl"llf I
{?.3 ........ it T . .
=0-5a TR 53
60-79 4 17
504 1 a
Total 7 11

* Gastrointestingl tract.

1 Differcncn bataean obsetved and theoretical values :s not statistizably signiticant.
;! Diflerence belwean observed and Ineorclical values is statisticaliy signilicant (P== <0.01).

to brenchonneumonia. ’1‘h§lﬂ)<ed time from
first tale exposure to dealls from,u:c_mno-
coniosis or compiications, or both, averaged
2590 YEQIs, Wi \ulh arange {rom 15 fo oD,;eq;sL
“Tn this group There were 11 tale millers, sev-
en lale miners, aund nine who had been hoth
millers and miners. All 28 had their_initial
exposure before . 19{,; p.hen more_ Lﬁ@ChVG
engineering contuwols, .mciuchnw \\er clnllmn
i the_talc 1 _mines, were mt.cduccd

f‘“‘Al] Other Causes.—OI the 11 deaths in
«is category, four were due to cerchrovascu-
lar accidents, two to lobar pneamnnia, and
the rernaining five, lo one of the folluwineg:
- bleeding duodenal ulcer, strangulated ingui-
nal hernin, perlorated diverticulum  with

and pleura shqws an _overall mortality {rom
CHTEINOIma i the hmb and _pleura {o be ap-
proxing m”ﬁﬁ’l"l’o_t_xr Umn; that ewecled How-
ever, ihe sit smmﬁcrmt increase appears to oc-
cur in the age group of GO ip 79 years
rather than in the 40 fo 59 year age
group. This s at variance to what we
have observéd among workers exposed
to- asbestos dust where the observed "vilues
in the 40 to 59 as well as 60 to 79 yeor nge
groups were sianificantly different from the
expectedd values (Table 4). The asbestos
groun consisted of 152 asbestos insulators
who had 15 or nmiore years of exposure in
1943 or achieved 15 years betwesn the perind
of 1945 to 1965. The overall mortality was

peritonitis, acute glomerulomephritis, and 46 or 30.3%. The reason for the earlier oe-
mesenteric arterial occlusion. currence of an increased incidence of lung or
Environmental "Exposure.—0Of the 91 . pleural cancers in the asbestos workers com-
h ‘

death cases, data on envi-
ronmental exposure were:
available in §0. The mean

Table 3.—Comparalive Dust Counts in Talc Mines and

Mills, Northern MNeve York*

duration of exposure {or this Before 1945 1946-1965
group was 2-1.7 years with a - - - - -
 range of 15 th 47 years. The Work Type Low dhiter;r High Aav;: Low dhi':.uer;n High Aav;;'
dust_exposure consisted pre-  Tines
domman!.bLQ{_tnlc_adml_\_e_d Drilling 83 413 2300 818 0 3 10 5
“With other_silicales such as _Hvexing 2 30 475 120 3 5 3 5
serpenlme zm(l ir CR\OIJ[C‘ Yo Scraping No Dust Counts Made 5 8 l?_ 9
~carbonales, and. a _small  Mills (up t0 1918) (1949-19C5)
amount of free.silica The 2 2R 2. 7 -
C
compamtne'duat counls in '—.“.ﬁ' : 32 75 271 92 5 20 20 25
the talc mincs and mills Gam.‘{'s -
pri_or to 1945 and belween separators 58 70 728 278 5 27 &0 27
1946 and 1963 are shown in Pulvenizers No Dust Counts tads 25 28 3t 28
Table 3. Gagoinn 26 129 520  1sl 5 23 69 27
of n =
~\ Comment ? ::ucck I:nz o Dust Co\.rm_s_ Made 18 63 160 73 ,
Btow foom 115 1 l('G 74‘;0 1227 Dpsconhﬂu._ i
Malignancies. "‘"T'hc dnala_ " Open ctiutns 21 a3 440 i25 Discontinund

on carcinoma of the ]un" o

e e =

- Concentration in millions of particles per cubic foot of ajr,

PR
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Table Y—Dealls and Expocled Lionality -
."SUOI e st !1] f-:‘lt.l and PL‘IHO”‘H 1

Dc.ﬂ-‘n,. Flo

Gland

NIRSNLOINFELD KT AL

C Il and Perdenaum

vi‘;:p I’Iour ' Freiiopourmn Obiservad Theorotiz:) Observed Thco'chcﬂ
2 r 5 T - )
23] 57T iz 235 Ga 19 5 61
23 I 261 23" 13 5 t
: e T T T e T R D
45 12 7 26.1 EEXE 15.2 3.9
* Difterence Batween observed and Lheorptical values is statistically signilicont (P= <0.01).

1 Statistical analysis not performed because of small numbar in gravp.

pated to ihe tale workers may be partly due
to the greater carcinogenicity of ashestos
dust or to an increased Jevel of exposure to
asbestos dust or both, as compared to com-
mercial tale which is a mixture of silicates'
and carbonates with a small amount of free
silica. In_the absence of adequate smoking
data one cannol assess the role played by
smoking in the causation ol the pulmonary
garcinomas in hoth geries. In three of the ten
tale workers where a smoking historv was
.obtainable, two smoked at least one pack
daily for over 20 vears and one smoked ten
cigars daily for 35 years.

With regard jo mrcmoma__thhe zaslroin-
testinal tract and peritonenm among lhe Lﬂc
“orT\crs we did _not find any szgmﬁcant
difference between 1 the o observed_and_expect-
ed values in the overall 1nd 1 specific_age

g'oup> S 'uaxed However, in the asbestos
group (Table - 4) a significant, difference be-~
lween the observed and expected values was
found in the overall categories. Our findings
in the asbestos workers are similar to what
- bas been reported- by Selikoff, Churg, and
- Hammond.® If a clear-cut etiological rela-
tionship is subsequently established between
exposure fo asbestos and carcinoma of the
gastrointestinal tract, then one may attrib-.
ute the differences in incidence between the
asbestos and tale groups to the reasons given
for carcinoma of the Iung and pleura.
Deaths Due to Pneumoconiosis or Com-
. plications or Bolh.—Previous studics have
reported that cor pulmonale is a major com-

plication of tale pneumoconiosis and is a

major cause of death among tale workers?

The findinzs in this study are consistent

with the previous reporls.

Peptic Ulcer—Among the death group of

91 cases, there were ten subjects who had
duodenal ulcer, and in one of the ten the ul
cer was the cauze of death. In the 129 work
ers who are still alive, 19 had a diagnosis o
duodenal ulcer. This is a total of 28, o
13.29%, According to the health statistics ¢
the US Department of Health, Education
and Welfare, the prevalence of peptic ulce
found between 1957 to 1939 for males of al
ages is 214 per thousand population, o
2.1%,.7 Despile the fact that the fizures ok
tained through the National Health Surves
represent point prevalence in conlrast fo the
pariod prevalence figures of eur siudy, it ap
pears that the incidence of peptic uleer
amonyg talc workers is higher than amon
the pgeneral population. A significant in
crease in jncidence of peptic ulcer varying
between 20% to 25% has been found in pa-
tienis with chronic obstructive pulmonary
"disense.? Since the tale workers have pri
marily a restrictive rather than zan obstrus
tive lung disorder, one may speculate that
both types may be associated with an in-
creased incidence of peptic ulcer.
Correlation of Carcinoma of Lunz With
Age, Duration of Exposure or Pneumoconio-
sis or Both.—Relating carcincma of the luny
with duration of exposure, it might be rele
vant that all the individuals wiiis ¢ seninoma
of thc Jung or 1)lour1 hatl their initial e\po
sUrg prior o the insliulion of wet drilling.
The average curation of exposure prior ir
the introduction of wet drilling was /0
years. Although this was a period of heavv
exposure (Table 3) there is no evidence te
indicate that there was a dircet relationship
between the duration of exmosure prior to
the onset of wet drilling and the ceaurrence
of pulmonary carcinoma. The mean age of

Arch Environ Health—Vol 14, May 1967
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MOITALITY AMONG TALC 1‘-:’r'.-\.'/-.'l.’:w'—-».’\’l,Ii-,'l.\‘,’-'j-.',',il il

ihe wroap ol (o workers who develdoned e
cinema of the Junz or plevra was
with o range of 42 10 75 years, Vit
Iy above the maan aze of 604 v

4 years
is slight-
wifh a
ranse of 33 ja 83 vears for the enerall gzroup

i vases, Since the Jie exvpeooctancy

“of white men Lborn in e United Siofes in

1920 55 given ¢s 34.4 yoars and since these
workers were born in 1920 or earlier, there
dors not seem to be a reduction in ihe life
span from the exposure? With regard to
carcinoma of the lun« and pneumoconiosis,
our data indicated that eight of the ten per-
sons wilh careinoma of the lung had clearcut
evidence of an associaled pnecumaoconiosis,
Mo confirmatery evidence was oblained in
the remaining two, one of whoni had a fibro-
sarcema of the pleura and the other a bilat-
eral massive pleural eflusion.

Summary and Conclusions

Mortality data on 31 tale miners and mill-
ers in. New York stale who had 15 or more
vears of exposuce 1o tale dust by 1940 or had
achieved 15 vears hetween 1940 and 1965
were reviewed., The average age at death
was 604 vears with a range of 38 to 84
years.

Proportional mortality from carcinoma of
the lung and pleura among talc workers was

..Jour times that of the control population.

" Hosvever, the significant increose in inci-

dence appeared in the 60 to 79 year age
zroup rather than in the 40 to 59 year aroup.
This was at vapiance with our findin«s in as-
bestos workers who had a similur duration
of exposure covering a similar period where
the increase n observed incidence was
present In both aze calegories. 1hc carlier
occurrence In the asbestos workers was at-
tributed to the greater carcinogenicity and
possibly to ecxposure to asbeslos dust of
greater concentration as compared to com-
mercial tale. Carcinoma of the gasirointesti-
nal tract and peritoneum showed no sig-
nificant difference in the tale and control
papulations. However, in the asbeslos work-
eis gastro’ntestinal and peritoneal malig-
nancies were elevated significantly. Death
due te pneumoconiosis or its comnplications,

G067

er both, was revecdod an 28 individasis, 18
of whoimr ied frova cor pubmonsla. The
cura ol degih n

frserenle:

ha remaining nlna was
(4)

HPASHTR U

3

(3) o hronchopreus

Lwpsed e fron first dole o
il

fromy pocinmeconioa: or conplica-

tions, or holh, averazetd 250 »eaes, with a
rang fram 15 to 32 years. Jxchuding cor
pubmanale, there were 25 cardiac deaths, 19
of which were due 1o coronary arlery dis-
caze, three (o hyportensive heart disease,
asned three to rhewmatic heart disense. Of the
11 death cases, dala on environmental cxpo-
sur: wore available in 800 The mean dura-
tion of exposure for this group was 24.7
years with a range of 15 to 47 years.

Trevious sludies have indicated that cor
pulmonale wns & major cause of death
among tale miners and millers, This was
nlza found in the presient study, However,
what has not heoen previously biroursit out 33
the increaze in obsorved ncidence of carci-
noma of the tung :unong ihese workers as
demonstrated in this study.
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Mechanisms of Induction of Ornithine Decarboxylase Activity in Tracheal

Epithelial Cells by Asbestiform Minerals'

Joanne P. Marsh and Brooke T. Mossman®

Department of Pathology, University of Vermont College of Medicine, Burlington, Vermoni 05405

ABSTRACT

Asbestos induces a constellation of biological responses in cells of the
respiratory tract that are similar to those of classical tumor promoters.
In this regard, induction of ornithine decarboxylase (QDC) activity and
increased incorporation of PHjthymidine have been documented aftes
addition of crotidolite and chrysotile ashestos to a hamster tracheal
epithelial cell line (J. M. Landesman and B, T. Mossman, Cancer Res.,,
42:366%--3675, 1982). The objectives of studies here were to determine:
(a) the importance of geometry, size, and/or chemical composition of
asbestos fibers on induction of ODC activity; and (b) the possible
involvement of calcium and/or protein kinase C in asbestos-induced QDC
activity. After addition for 24 h to confluent hamster tracheal epithelial
cells, fibers of crocidolite, chrysotile, and glass in medium containing
fresh serum caused a significant increase in ODC activity. Stimulation of
ODC was not observed when nonfibrous analogues (riebeckite, antigorite,
and glass particles) were used. Sized preparations of long (>10-pm
length) chrysotile fibers were more potent in enhancing ODC activity
than shorter (<2-um length) fibers at similar concentrations. The mech-
-anisms of ODC induction by asbestos were probed by adding the calclum
channel blockers (verapamil and nifedipine) and inhibitors {1075 to 10~"m
of 1-{5-isoquinolinylsulfonyl}-2-methylpiperazine, of /V-[2-{methylamino)
ethyll—S—iSOquinolimulfonamide', of TMB-8, and of palmitoyl camitine]
of protein kinase C simultaneously with chrysotile ashestos: These agents
inhibited ODC activity by chrysotile in a dosage-dependent fashion.
Resylts suggest that the fibrous geometry and length of ashestos fibers
are critical in initiating ODC activity in airway epitheilal cells. Moreover,
they implicateithe importance of calcium and protcin kinase C in ashestos-
induced mitogenic responses.

INTRODUCTION

Asbestosis a family of fibrous mineral silicates which possess

great strength and flexibility. Although occupational exposure
to asbestos is associated with an increased incidence of bron-
chogenic carcinoma, mesothelioma, and asbestosis {1, 2), the
mechanism(s) responsible for the pathogenesis of asbestos-
associated diseases is unclear, Various physicochemical prop-
erties of asbestos including its fibrous morphology (3. 4), sur-
face properties (5~7), chemical composition (8, 9), and size (10)
influence its cytotoxic or hemolytic activity in vitro. Moreover,
longer, thinner fibers are more apt to cause sarcoma and meso-
thelioma when injected into the pleural cavities of rats (11-14).

Whether or not asbestos is a complete carcinogen in the
development of bronchogenic carcinoma is unclear. Asbestos
alone is neither mutagenic nor carcinogenic to a variety of cell
types including hamster tracheal epithelial cells (15~18). How-
ever, many types of asbestos appear to augment the mutagen-
icity and carcinogenicity of polycyclic aromatic hydrocarbons
(18-20).

The possibility that asbestos acts as a tumor promoter in
respiratory epithelium was suggested by this laboratory after
examination of the effects of these minerals on cell and organ
cultures of trachecbronchial epithelium (reviewed in Ref. 18).
When added to tracheal epithelium, asbestos causes a number
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of morphological and biochemical alterations similar to those
seen with application of the tumor promoter TPA? to mouse
skin. These include: stimulation of Na*-K*-ATPase in isolated
plasma membranes (21); induction of cell division (22, 23);
changes in normal cell differentiation (24); release of PH]
arachidonic acid (25); production of active oxygen species {26);
and increased activity of ODC (22), a highly regulated enzyme
undergoing a rapid increase i activity in response to TPA and
a number of growth-promoting stimuli (27-29).

Studies here represent a logical extension of these earlier
findings in an attempt to determine the physical and/or chem-
ical properties of asbestos that are responsible for induction of
ODC, To this end, the activities of ODC in HTE cells exposed
to nontoxic amounts of natural and man-made fibers and to
their chemically identical, nonfibrous anaiogues were com-
pared. In addition, the influence of fiber length on the activity
of the enzime was examined using sized preparations of long
(=10 pim) and short (<2 um) chrysotile asbestos.

Recently, several investigators have demonstrated the in-
vglvement of both calcium and protein kinase C in TPA-
induced ODC activity and tumor promotion in mouse skin and
other cell types {30-33). To determine whether caicium and/or
protein kinases are involved in induction of ODC by asbestos
in tracheal epithelial cells, we used several inhibitors of protein
kinases and calcium-entry in an effort to ameliorate asbestos-
induced ODC induction.

MATERIALS AND METHODS

Hamster Tracheal Epithelial Cells. Tracheal epithelial cells, obtained
from neonatzl Syrian golden hamsters, were isolated and cloned as
described previously (34). Cultures of the clone B-¢ell line were main-
tained in Ham's F-12 medium supplemented with 10% fetal bovine
serum (GIBCOQ, Grand Island, NY) and garamycin (100 ug/ml; M. A.
Bioproducts, Walkersville, MD). For all assays, cells were grown to
confluency before test materials were added for a 24—h period as
described previously (22).

Preparation and Addition of Fibers and Analogues Several types of
fibers and their nonfibrous analogues were used to determine if geom-
etry was important in ODC induction by asbestos. The appearance of
minerals used in this study is shown in Fig. 1. The purity and size
distributions of particulates have been reported previously (24). UICC
reference samples of crocidelite (Na,O-Fe 0,-85i0,) (Fig. 14) and
chrysotile (3MigQ - Si0,- 2H,0) (Fig. 1C) asbestos were used in com-
parative studies with riebeckite (Fig. 158) and antigorite (Fig. 1D), their
chemically identical, nonfibrous analogues (Wards Natural Science
Est., Rochester, NY). Code 100 fiberglass (SiC»), of comparable di-
mensions to asbestos, was obtained from Manville Corp., Denver, CO.
Glass particles were produced by fusing Code 100 fibers at 750°C
followed by grinding in a bali mill for 15 min (24). To determine if
fiber length is important in induction of ODC, preparations of chryso-
tile asbestes containing long (>>10 um} (Fig. 1G) or short {=2 um) (Fig-
1H) fibers were made by a sedimentation-filtration procedure. Before
introduction into cell cultures, suspensions of each material were dis-

3The abbrevistions used are: TPA, 12-O-tetradecanoylphorbol-13-acetate;
ODC, omithine decarboxylase: HBSS, Hanks' balanced salt solution with Ca™*
and MG”*; HTE, hamster tracheal epithelial cells; PBS, phosphate-buffered saline
with Ca®* and Mg, pH 7.4; UICC, International Union against Cancer; H-?,
1-(5- lsoqumoimylsulfuny! -2-methylpiperazine) (1073-10""m); H-8, N-
[2-(methylamino)ethyl]-5-isoquinolinesulfonamide, {107*~10""m).
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Fig. 1. Scapning electron micrographs
showing appearance of fibers and their nonfi-
brous analogues. A4, cracidolite ashestos con-
sisting of straight, rod-like fibers; B, riebeckite,
the nonfibrous mineral analogue of crocidolite;
C, chrysotile asbestos fibers that are curly and
pliable; D, antigorite, the amorphous analogue
of chrysotile; £, Code 100 fiberglass consisting
of finely extruded man-made fibers; F, Code
100 ball-milled 1o particles; G, Manville prep-
aration of fong chrysotile consisting of fibers
210 g in length: A, Manville preparation of
short chrysotile consisting of fibers <2 pm in
fength. )

persed in HBSS. Riebeckite, antigorite, and glass particles were soni-
cated (Model B0220; Branson, Shelton, CT) for 5 min to ensure
uniform distribution. Code 100 fibers, which are manufactured by
extrusion, hence of infinite length, were broken up and homogenized
using 10 passes with a Tenebrok glass homogenizer. Finally, ail sus-
pensions of minerals in medium were passed 5 times through a 22-
gauge needle, in order to obtain a uniform suspension. The fibrous
geametry of the various preparations was not altered by these manipu-
lations (24).

Inhibitors of Calcium Entry and Protein Kinases. The calcium ¢ntry
antagonists, verapamil and nifedipine, which act on voltage-dependent
calcium channels (35), were obtained from Sigma Chemical Co., St.
Louis, MO, as was palmitoyl carnitine, an inhibitor of protein kinase
C. TMB-8, an antagonist of protein kinase C which also irhibits
stimujus-induced release of calcium from the endoplastic reticulum
(36), was provided by Dr. Kenneth B. Adler, Department of Pathology,
University of Vermont College of Medicine. Additionally, two newly
synthesized isoquinolinesulfonamide derivatives which bind directly,
but with different affinities, to protein kinases (Seikagaku America,
Inc., St. Petersburg, FL) were used. H-7 is a more potent and selective
inhibitor of protein kinase C, whereas H-8 also inhibits cyclic nucleo-
tide-dependent kinases in addition to protein kinase C (37). All agents
at pontoxic concentrations were added to HTE celis with chrysotile
asbestos (0.65 ug/em? dish), and ODC activity was determined at 24 h
thereafter. At the concentrations used here, inhibitors alone did not
inhibit ODC induction in HTE cells.

"Se Cytotoxicity Assay. A sensitive assay, based on uptake and
incorporation of radiolabeled amino acid into cellular proteins and
release into medium upon membrane damage, was used to quantitate
mineral-induced cell injury and screen for nontoxic concentrations of
inhibitors (26). HTE ceils prelabeled for 16 h with 2.5 xCi/mli of (*Se]

selenomethionine (specific activity, 0.6 to 4 Ci/mmol; Amersham
Corp., Arlington Heights, L) were washed 3 times with PBS, scraped
with a rubber policeman, and plated into 12-well dishes (10* celis/25-
mm well). At confluency, fresh medium with or without various con-
centrations of fibers or particles or inhibitors was added. After 24 h,
medium was removed, and aliquots of supernatant were counted in an
{ntertechnique gamma counter (Fairfield, NJ). The cells were washed
with PBS and dissoived in 1.0 v NaOH, and aliquots were counted
similarly. Results were expressed as a release index, calculated from
the following equation.

cpm medium
total counts (cpm medium + cpm cells)

Release index =

Assay for ODC. After incubation with nontoxic concentrations of
test materials for 24 h, confluent cells were prepared and assayed as
described previously (22). These prior studies had indicated maximal
inducticn of ODC activity by asbestos at 24 h after addition of minerals
(22). Activity of ODC was expressed as nmol CO,/h/mg protein.
Protein was determined by the method of Bradford (38).

Statistics. Dara were analyzed using the Duncan test for multiple-
range analysis or the Z test for variance of a ratio (39).

RESULTS

7Se Cytotoxicity Assays. Before their introduction into HTE
cultures, nontoxic concentrations of all fibers and analogues
were determined using a ”>Se cytotoxicity assay (Table 1).
Complete dose-response information on cytotoxicity of UICC
crocidolite, UICC chrysotile, Code 100 glass fibers, and long
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(=10 gm) versus short (<2 um) Manville chrysotile in loga-
rithmically growmg HTE cells has been published previously
{26).

Activity of ODC in HTE Cells after Exposure to Fibrous and
Nonfibrous Minerals. The activity of ODC in guiescent HTE
cells exposed for 24 h to nontoxic concentrations of various
fibers and their nonfibrous analogues is presented in Table 2.
Significant induction of ODC occurred after exposure of cells
to all fibrons materials including both types of asbestos and
Code 100 fiberglass, an amorphous fiber differing in chemical
composition from asbestos. These enzyme effects were dose
dependent. In contrast, addition of equal amounts of the non-
fibrous, chemically identical analogues of fibers, Le., riebeckite,
antigorite, and glass particles, did not mcrease ODC activity
significantly.

Effect of Fiber Length on ODC Activity. To determme
whether fiber length was important in the induction of ODC
activity in tracheal epithelial celfs, a range of concentrations of
long (>10 um) or short (=2 pm) fibers of chrysotile was intro-
duced into cultures for 24 h (Fig. 2). The nonfibrous analogue
of chrysotile, antigorite, also was included in these experiments.
Results indicated that the potency of ODC induction by chry-
sotiie was related directly to fiber length. Maximal elevation of

Table | Effects of fibers and particles on release of "*Se from r:onﬂuem HTE cell.s

afier 24 h
Conceniration
" Group (ng/em®) Release index”
Conwrol 0 0.189 = 0.007°
Crocidolite (UICO) 2,60 0.170 £ 0.010
Riebeckite: 2,60 0.173 = 0.014
Chrysoule (UIce) 0.65 0.172 £:0.010
Antigorite 2.90 0.174 = 0.009
Code 100 ﬁbers 2.60 0.185 £ 0.010
Glass particles 260 0.175 £ 0.002
Manville chrysotile 145 0.21 £ 0.010
(=190 pm} 290 0.44 £ 0.017°
Manville chrysotile (s2 um) 5.80 0.180 = 0.003
cpm medium

a4

Expressed as -
v total counts (cpm medium + cpm cells)

* Mean = SE of triplicate determinations.

€ P < 0.05 increased significontly in comparison 1o control untreated cells
(Duncan multiple-range analysis).

Tabie 2 ODC activity in HTE cells exposed for 24 h to nontoxic concentrations
of fibers and respective nonfibrous analogues

ODC activity
(amol % of
Concentration COy/h/mg control
Group (ug/cm®) protein) activity
Control 0 0.041 +0.01¢
Crocidolite (UICC) 1.3 0.139 = 0.02 339
26 0.500 =+ 0.0%" 1220
Riebeckite 1.3 0.057 + 0.008 139
2.6 0.042 = 0.005 102
Chrysotile (UICC) 0.325 0.793 = 0.09° 1975
0.65 1.007 + 0.03° 2439
Antigonte 0.325 0.037 + 0.004 %0
0.65 0.042 + 0.004 102
Code 100 fibers 1.3 0.312 % 0.04° 161
2.6 0.810 = 0.07° 2025
Glass particles 13 0.214 £ 0.02 522
2.6 0.061 + 0.004 139

“ Mean + SE of three experiments; i = 4/groun
* Increased significantly (P < 0.05) in comparison to control untreated cells
{Duncan multiple-range analysis).

1250.

00C ACTIVITY (% Conirol)

e
3% 22 145 29 435 sa ne
CONCENTRATION {ug/em?)

Fig. 2.- Effect of fiber length on induction of ODC. Activity is expressed as a
percentage of values observed in unireated, contrel cells. Varigus concentrations
of long (@) and short (A) fibers of chrysotile asbestos and the nonfibrous analogue
of asbestos, antigorite (M), were assessed .comparatively. One hundred ODC
activicy = 0.071 nmol COy/h/mg protein. Values (mean + SE) are from a
representative experiment (n = 6/group),

ODC activity was observed after exposure of cells to very low
concentrations (0.72 xg/cm? dish) of long fibers, whereas a 4-
fold higher concentration (2.9 ug/cm?) of short fibers was
required to induce similar effects. ODC activity appeared to
decline as the concentrations of fibers approached cytotoxic
Jevels. No significant elevation of ODC activity resulted when
antigorite was tested except at extremely high amounts (11.6

sg/cm®), a nontoxic concentration as determined by the "*Se

release assay.*

Studies Using Inhibitors of Calcium Entry and Protein Ki-
nases. The mechanisms of asbestos-induced proliferation and
induction of ODC in HTE cells are undefined. Since asbestos
is a membrane-active agent (5), causing an influx of calcium
into cells (40), we postulated the role of Ca’*-activated, phos-
pholipid-dependent protein kinase (protein kinase C) in asbes-
tos-induced induction of ODC. To test this hypothesis, selective
inhibitors were added to HTE cells simultaneously with chry-
sotile asbestos (0.65 pg/cm? dish, i.e., a concentration causing
maximal ODC induction). The highest concentration shown
for each agent represents its maximal nontoxic concentration
as assayed by the "*Se method (data not shown). The calcium
entry antagonists, verapamil and nifedipine, caused significant
decreases in chrysotile-induced ODC activity at 24 h (Fig. 3).
Whereas the inhibition by verapamil was dosage dependent,
nifedipine caused a significant decrease of chrysotile-induced
ODC activity at all concentrations tested (1077 to 1075 m).
Severa)l antagonists of protein kinase C including TMB-8, pal-
mitoyi carnitine, H-7, and H-8 also were effective in inhibiting
asbestos-associated increases in ODC activity (Fig. 4). For
reasons that are unclear, H-8 at 1077 M caused a consistent
increase in asbestos-induced ODC activity.

DISCUSSION

ODC is a rate-limiting enzyme in the biosynthesis of poly-
amines, growth regulatory molecules necessary for the initiation
of cell division (27). An increase in the rate of induction of
ODC has been demonstrated consistently after application of a
number of documented tumor promoters t0 mouse and human
skin (28, 29). Thus, the regulation and induction of the enzyme
are thought to be important in the progression of an initiated
cell to a tumor cell. We documented previously (22) an en-

4 Unpublished data.
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Fig. 3. Modulation of chrysotile asbestos-induced ODC activity by the caleium
entry antagenists, verapamit and nifedipine. Values (mean £ SE} are expressed
as a percentage of chrysotile-induced ODC activity {100% activity = 0.582 nmol
COy/h/mg protein) and represent a typical experiment. Each experiment per-
formed in duplicate or triplicate (n = 3-5/group/experiment). *, £ < 0.061 in
comparison to chrysotile-exposed group (Z-test for variance of a ratio).
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Fig. 4. Modulaticn of chrysotile asbestos-induced ODC activity by inhibitors
of protein kinase C. Values (mean + SE)-are expressed as a percentage of
chrysotile-induced ODC activity and represent a typical experiment. For TMB-8
and palmitoyl carnitine, 100% activity = 0.568 nmol COa/h/mg protein. For H-
7 and H-8, 100% activity = 0.498 nmel CO,/h/mg protein. Each experiment
performed in duplicate or triplicate (n = 3-5/group/experiment). *, P < 0.001 in
comparison to chrysotile-exposed group (Z-test for variance of a ratio),

hanced activity of ODC and increased uptake of ["H]thymidine
in hamster tracheal epithelial cells afier exposure in vitro to
crocidolite and chrysotile, chemically and physically distinct
types of asbestos fibers associated with the development of
bronchogenic carcinoma and mesothelioma in humans (1). In
an attempt to determine those characteristics of asbestos re-
sponsible for the induction of ODC, other fibrous and nonfi-
brous particulates were examined here in comparative studies.

Results show that the fibrous morphology, rather than the
chemical composition of asbestos, is integrat to the stimulation
of ODC in epithelial cells of the respiratory tract. The nonfi-

brous chemically identical analogues of crocidolite, chrysotile,
and fiberglass (riebeckite, antigorite, and glass particles, respec-
tively) were ineffective in increasing ODC activity, whereas
fibers at comparable nontoxic concentrations induced the en-
zyme in a dosage-dependent fashion. Unlike asbestas, the crys-
talline fiber, Code 100 fiberglass, is an amorphous fibrous
silicate; thus the nature of the structural matrix of the fiber
does not appear critical to the induction of ODC.

Data here support published work by this laboratory dem-
onstrating the importance of fibrous geometry and size in both
the development of squamous metaplasia, a putative preneo-
plastic lesion, and increased uptake of [*H]thymidine by tra-
cheal explants (23, 24). In these studies, Code 100 fibrous glass,
crocidolite, and long chrysotile fibers caused metaplastic and
proliferative changes in the epithelium of tracheal explants,
whereas growth alterations were not observed with correspond-
ing nonfibrous analogue (glass, riebeckite, or antigorite). Ultra-
structural studies indicated selective growth of dedifferentiated
and keratinizing epithelial cells over fibers lodged on the epi-
thelial surface, whereas particles were either cleared or taken
up by epithelial cells, Thus, increases in ODC in HTE ceils by
asbestos can be linked to altered proliferation and differentia-
tion phenomena important in tumor promotion in the respira-
tory tract (18, 23, 24).

Studies in this laboratory have focused on defining the mech-
anisms of action of asbestos in comparison to those caused by
soluble phorbol compounds. Although asbestos-induced biolog-
icab:éffects (i.e., alterations in proliferation and differentiation,
increased ODC activity, etc.) generally occur over a longer time
course, they parallel many events observed in a variety of cell
types after exposure to TPA (18). Accumulating evidence indi-
cates that TPA-induced effects are mediated through its mim-
icry of diacylglycerol and consequent activation of protein
kinase C (41, 42). Accordingly, several investigators have sug-
gested the importance of calcium-activated protein kinase C in
the induction of ODC activity asscciated with TPA (30-33).
For-example, exposure of lymphocytes to calcium ionophore in
cambination with TPA or diacylglycerol augments ODC activ-
ity above levels obtained with the use of ionophore alone (33).
Recent work by Verma and coworkers shows that either diacyl-
glycerol or phosphalipase C, which enzymatically cleaves di-
acylglycerol from membrane phospholipids, induces ODC
mRNA, an observation suggesting the importance of protein
kinase C in gene transcription of ODC (30). Lastly, TPA-
induced ODC activity and skin promotion can be blocked with
the use of palmitoylcarnitine, an inhibitor of protein kinase C
{30, 313.

To determine if calcium and protein kinase C are involved in
asbestos-associated induction of ODC, we used calcium entry
antagonists and a battery of inhibitors of protein kinase C to
modulate typical chrysotile-associated increases in ODC activ-
ity. As can be seen in Figs. 3 and 4, test agents ameliorated
chrysotile-induced changes in dosage-dependent fashion. Inter-
estingly, the affinity of H-compounds for protein kinase C
corresponded well with their ability to inhibit asbestos-associ-
ated ODC activity. H-7, the more potent and selective protein
kinase C inhibitor (37), was effective at 1077 m, whereas H-8 at
1077 M not only failed to inhibit chrysotile-induced ODC, but
aclually augmented the stimulatory effect of the fiber. It is
unciear at this time whether this stimulatory effect of H-8 is
due to its modulation of protein kinase C or a cyclic AMP-
dependent protein kinase (or both enzymes).

Although studies with antagonists provide only indirect evi-
dence for the involvement of protein kinase C in asbestos-
induced proliferative alterations, recent experiments show a
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rapid accumulation of diacylglycerol in HTE cells exposed to
asbestos.® Clearly, since insoluble asbestos fibers are physicaily
and chemically dissimilar to TPA, they cannot mimic diacyl-
glycero! and activate protein kinase C directly, Therefore, other

mechanisms, such as activation of membrane phospholipases,
must be involved in cell signaling by asbestos. We are exploring
these possibilities presently.

A hypothetical pathway of asbestos-induced signal transduc-
tion involved in stimulation of ODC activity is presented in
Fig. 5. This schema is consistent with our observations to date
using antagonists of calcium entry and protein kinase C. As-
bestos fibers interact with the plasma membrane causing Ca**
influx (40) and an increase in intracellular free Ca®*. In addition,
diacyiglycerol accumulates, presumably due to activation of
membrane phospholipases by asbestos. These events could
stimulate protein kinase C and result in subsequent gene tran-
scription of ODC (30). Since recent work by Hovis er al. (32)
suggests ODC activity also can be regulated via mechanisms

independent of protein kinase C, we are currently focusing on 16
whether asbestos activates this enzyme directly.
11
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induction of Squamous Metaplasia in Organ Cultures of Hamster Trachea
by Naturally Occurring and Synthetic Fibers’

Craig D. Woodworth, Brooke T. Mossman,? and John E. Craighead

Department of Pathology, University of Yermont College of Medicine, Burlington, Vermont 05405

ABSTRACT

Asbestos exhibits many properties of classical tumor pro-
moters. These characteristics include the ability to stimulate
proliferation and inhibit normal differentiation of cells. In organ
cultures of trachea, crocidolite and amosite asbestos stimulate
squamous metaplasia, a pathological process in which a rapidly
proliferating squamous epithelium replaces the normai epithe-
lium. We hypothesized that the induction of metaplasia depends
upon the fibrous nature of asbestos. Accerdingly, several natu-
rally occurring and synthetic fibrous materials and their nonfi-
brous analogues were assessed for their ability to induce meta-
plastic changes in tracheal mucosa of the Syrian hamster. Ex-
posure to both crocidolite asbestos and fiberglass resulted in
significant increases (p < 0.05) in squamous metaplasia over a
range of dosages (1.0, 4.0, 16.0 mg/mi). Attapulgite (palygor-
skite) ang both “long-" and “short-" fiber preparations of chry-
sotile asbestos had similar but less marked effects. Nonfibrous
analogues of each material (riebeckite, antigorite, and glass
particles) failed to produce metaplasia. Asbestos, and fibrous
. materials in general, appear to stimulate squamous metaplasia
because of thelr fibrous geometry.

Ead

INTRODUCTION

Asbestos has enormous commercial importance (3, 21) be-
cause it is durable and resistant to both heat and fire. Ashestos
acts as a cocarcinogen in the respiratory tract (6, 9, 24), and
exhibits properties of classical tumor promotors (for review, see
Refs 6, 17, and 28). These characteristics include the ability to
stimulate proliferation of cells and alter their normal differentia-
tion. For example, crocidolite and amosite asbestos induce squa-
mous metaplasia in cultured tracheal epithelium (18). Although
the chemical composition of asbestos minerals might influence
pathogenicity (11), most experimental evidence indicates that
physical parameters such as the length and diameter of fibers
are jmportant (10, 13, 26, 33).

Fiber geometry is critical in the experimental induction of
measotheliomas in rats (26). Intrapleural inoculation of materials
comprised of fibers which are long and thin results in tumors,
whereas shor, thick fibers and particles are less tumorigenic.
We hypothesized that fibrous morphology also might be impor-
tant in the induction of proliferation and squamous metaplasia
by asbestos. To test this, several different fibrous materiais and
their nonfibrous analogues were examined for their ability to
induce these alterations in organ cultures of hamster trachea,
We used chrysotile and crocidolite, the 2 types of asbestos of
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greatest commercial importance. Attapulgite, a naturally occur-
ring fibrous clay mineral, and 2 forms of fiberglass also were
examined.

MATERIALS AND METHODS

Preparation of Minerals. The sources of materials tested in these
studies are listed in Table 1. Fibrous materials were prepared as follows.
g-Fiberglass yarn was cut to varying lengths using a Sorvall TC-2 tissue
sectioner. Code-100 fiberglass wool was ground gently in a tissue
homogenizer since the random orientation of fibers made cutting ineffec-
tive. Attapulgite, crockdolite, and “long™ and “short” chrysotile (Tables
2 and 3) were used without further modification. Samples of the minerals
antigorite and riebeckite were prepared from rocks selected because of
their mineralogical purity, and glass particles were produced by fusing
code-100 fiberglass at 750°. These latter materials were ground in a ball
mill for 15 min, yielding powders with heterogeneous size distributions.
The large particles (>5 um in diameter) then were separated by aqueous:
sedimentation (27). The suspensions of minerals were dried, steritized
(125° for 16 hr), and stored in powdered form.

Materials were dispersed in HBSS? (Grand Island Biological Co., Grand
island, N. Y.} by a 2-min bath sonication (Model B-22-4 Branson Uttra-

. sonic Cleaner; Branson Cleaning Equipmerit Co., Shalton, Conn.) before

addition to organ cultures. Chrysotile was not sonicated becauss this
procedure alters the size of the fibers (25).

Characterization of Minerals. The mineralogical purity, surface
charge, and size distributions of the particles were characterized. We
used X-ray diffraction to assess mineralogical purity (Table 1). The
electrophoretic mobility, an indication of net surface charge {22), was
measured after suspending the particies in MEM (Grand Island Biological
Co.) and the zeta potential (22) was assessed after dispersal of selected
fibers in distitled H.O (Table 1). Zeta potential and electrophorstic mobllity
are similar; however, the latter is applicable when particies are suspended
in solutions containing organic compounds. When suspended in MEM,
particles had no detectable net surface charge.

Size distributions wera assessed using SEM (Tables 2 and 3). Sus-
pensions of each material (10 g/ml} were collected on Nucleopore filters
(Nucleopore Fitter, Pleasanton, Calif.) by pressure filtration. Regions from
each filter, which appeared to represent the normal distribution of fibers,
were photographed at magnifications ranging from x100 to X10,000.
Photographs of adjacent regions were assembled as a montage to allow
measurement of long fibers. A planimeter was used to caloculate the
length of long, curly fibers of chrysctile, and diameters of nonfibrous
particles were determined by the technique of Cadle (5). Eight hundred
fibers were counted, and particle size distributions were compiled after
each experiment to standardize resuilts.

Tracheal Organ Culture, The procedures used to prepare and main-
tain organ cultures of hamster trachea have been described previously
{16). Briefly, random bred male Syrian hamsters between 6 and 10
weeks of age were sacrificed by an i.p. injection of 0.1 ml euthanasia
salution (Taylor Pharmacal Co., Decatur, lil.}. Each trachea was isclated
aseptically, and the adherent connective tissue was removed by dissec-
tion. The trachea was divided longitudinally at the cartilagenous discon-

3The abbreviations used are: HBSS, Hanks' balanced salt solution; MEM,
Eagle's minimal essential medium; SEM, scanning electron microscopy.
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tinuity and then dissected into 14 to 16 explants measuring approxi-
mately 1.5 x 2.5 mm,

Experimental Design. The study was carried cut as 14 separate
experiments bacause of procedural considerations. In each, 2 materials
and the appropriate controls were evaluated. Explants from 16 hamsters
were divided randomly into groups and then transferred to 60- x 15-mm
Petri dishes (approximately 36 to 40/dish). Suspensions of each material
in HBSS (1.0, 4.0, and 16.0 mg/mi; 2 ml total volume) were added 1o the
Petri dish and allowed to deposit onto the mucosal surface of organ
cultures for 1 hr. The amounts of minerals used in our studies are
substantially higher than those c¢ausing biclogical effects in monolayers
of cells. However, the mucaciliary clearance of tracheal organ cultures is

Table 1
Source and net surface charge of materials
Fibrous (A} and nonfi- Net surfacs®
brous (B) analogues Source charge

A. Crocidolite asbes- 0(~42.0 £ 320

tos
8. Riebeckite®

Union Intemationaie Contre Can-

cer

Wards Natural Science Est., 0
Rochester, N. Y. (sample ot
fluor-riebeckite from Ei Paso
county, Go.)

A. Chrysotile asbestos

*Long” fibers Manville Carp., Denver, Co. {sam- 0 (+49.4 & 2.1)
“Short” fibers ples from the Jeffrey Mine in
Quebec)
B. Antigorite” Wards Scientific Est. (sample from 0
Arizona)
A. Fiberglass
B-iier Owens Coming Fiberglas, Toledo,  NA®
Ohlo
Code-100 fiber Manville Corp. 0(-48.6 £ 4.1)
B. Glass particles Prepared from sarnples of code- 0
100 fiberglass
A. Attapulgite Clay Mineral Society, Columbia, 0

Mo. (sample from Nevada)

:Electrophoreﬁc mobility {22) of particles which wers suspended In MEM.
Numbers In parentheses, zeta potential (22) determinations of fibers in distilled
HO £ S.E.
:Sarnple of riebeckite contained <1% fibers (aspect ratio >3).
Antigorite contained <3% fibers and small amounts of the minerals picrolite
and lizardite. No contamination was detected in samples of the other minerals,
°NA, not applicable. g Fiberglass rapidly settied from suspension due to the
large diameter of fibers. This preciuded accurate determinations of zeta potential.

Mineral Fiber-induced Squamous Metapiasia

very efficient, and only a small fraction of the original amount remains on
the surfaces of explants after 1 hr. We chose the dosages above on the
basis of previous experiments using crocidolite which indicated that a
4.0-mg/ml dose was most effective in inducing metaplasia (18). For each
type of dust, 12 explants were assessed at sach concentration. All
experiments were repeated twice.

After experimental treatments, 4 explants were fransferred to 30- x
15-mm plastic Petri dishes (Costar, Cambridge, Mass.) the surface of
which had besn scored to facilitate attachment. We added 0.5 ml of
MEM containing 256 mm N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic
acid buffer (Sigma Chemical Co., St. Louis, Mo.), gentamicin (100 ng/
mil), and nystatin (25 units/mi). This volume of medium was sufficient to
wet but not submerge the mucosal surface of the explant. Cultures were
maintained at 35-36° in an humidified atmosphere containing 5% CO;,
and the medium was changed every 3 days. Explants maintain notmal
mucociliary differentiation for at least 4 weeks under these conditions
(16). Representativa explants were examined at intervals of 2, 4, and 6
weeks after exposure to particles.

Assessment of Metaplasia. The extent of squamous metaplasia was
evaluated by SEM. Explants were rinsed twice in HBSS to remove
adherent mucin and were placed in modified Karnovsky’s fixative for 12
hr. The specimens were dehydrated in ethanol, critical-point dried, sput-
ter-coated with gold-palladium, and examined in a JEOL JSM 350 SEM.

The method used to grade the extent of the epithelium on the explants
exhibiting squamous metaplasia has been described previously (32). An
image of the entire mucosal surface was centéred on the viewing screen
of the SEM at a 0° tilt. A rectangular area (0.138sq mm, which comptised
approximately 5% of the mucosal surface) in the center of each specimen
then was defined after increasing the magnification 10-fold. The central
region of the explant was analyzed since artifactual metaplastic changes
usually develop at the cut margin (presumably due to traumatization of
the tissue during preparation).

The percentage of mucosal surface within this area which showed

. either squamous differentiation or cytotoxic changes (cell necrosis and

sloughing) was measured by placing a sheet of clear plastic over the
viewing screen and cutlining the distribution of lesions. The areas de-
marcated in this way were then converted to numerical values using a
graphics tablet (Apple Computer, Inc,, Cupertino, Calif) and image
analysis software (Optomax, Inc., Hollis, N. H.}. Squamous cells were
distinguished by their polygonal configuration and large diameter (>15

Table 2
Cumulative frequency distribution of fiber length

% of particles at following fiber length®

Test matetial <1 um =5 gm =10um =20pm s30pum =40pm s50pm =100pm =<200pm <300 um <500 um
Attapuigite 94 ©100 '
“Shert™ chrysotile 59 100
Crocidolite 21 €9 87 95 98 a9 100
Code-100 fiberglass 2 31 54 78 87 92 94 100
*Long" chrysotile 0 0 3t 43 50 56 60 84 98 100
p-Fiberglass 0 0 1 5 10 16 20 43 77 90 100
*Values indicate cumdative percentage of particies equal to or less than a given size.
Table 3
Cumulative frequency distribution of fiber/particle diameter
% of particles at following fiber/particle diameter”
Test material =02pm <04 pgm =<0.6 um =<0.8 um =1.0 pm =2.0 pm =<3.0 ym =4.0am =5.0 pm

*Short” chrysotile 89 99 100

Attapuigite 1 4 25 80 100

“Long"” chrysotile 65 82 90 93 96 98 99 100

Antigorite 47 71 85 93 98 93 100

Crocidolite 64 83 89 94 98 100

Code-100 50 73 83 89 94 98 100

Glass powder 7 20 33 51 91 98 99 100

Aiebeckite 14 27 47 57 88 95 97 100

g-fiberglass 0 0 0 0 0 0 3 97 100

*Values indicate the cumulative percentage of particles equal to or less than a given size.
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um). Stratified squamous metaplasia was conspicuous because the
superficial cells “heaped up" to form mounds. However, we did not
attempt to distinguish simple squamous metaplasla from stratified squa-
mous metaplasia by SEM.

Autoradiography. Explants were labeled for 5 hr with [*H]thymidine
(20 «Cijml; specific activity, 49 Cifmmol; Amersham-Searle Corp., Arling-
ton Heights, Iil.) and then rinsed twice in HBSS at 37° before fixation.
Using this protocol, approximately 0.5 to 2.0% of the tracheal epithefal
cells are {abeled in MEM after 2 weeks in culture (16). After examination
by SEM., selected specimens were processed for light microscopy (2).
Tissues were rahydrated and embedded in Paraplast {American Sclentific
Products, Bedford, Mass.), and sections of 5-um thickness were cut.

_Sections mounted on glass slides were dipped in Kodak NTB immulsion

#Eastman Kodak Co., Rochester, N. Y.) and then exposed at 4° for 1
week. Autoradiographs were developed in Kodak D-19 and stained with
Harris hematoxylin.

One hundred epithelial cells (basal and suprabasaf} on each side of
*he approximate center of the explant in 4 sections (a total of 800
epithelial cells per specimen) were counted to determine the labeling
index (18).

RESULTS

Untreated explants exhibit normal mucociliary differentiation
for 4 weeks in vitro although small foci of metaplasia occasionally
develop over this period. In contrast, explants exposed to as-
bestos and other fibrous materials underwent both proliferative
and metaplastic alterations. Analysis of variance and Fisher's

« Antigortte "Short” Chrysotite  “Long” Clyysatile
10 *
: *
5:
0 2 1800
. Risbgckite Crocidolite Attapulgite

10-

I

0 . Gu Particles Ii‘i

15. %

Squamous Metaplasia (mean %)
[+.]

10+

0t 416

01 4186 c 1 416

Exposure Dose {(mg/ml)

Chart 1. Development of squamous metaplasia 4 weeks after exposure of
tracheal orgen cultures to fibrous and nonfibrous materials. The percentage of
squamous metaplasia represents the area of the mucosa showing squamous
change divided by the total area examined. *, responses which are statistically
different (o < 0.05) than the corresponding nonexposed controls (OJ); bars, S.E.;
the number of observations varied between 19 and 26. numbers within columns,
percentage of mucosal surface with cytotoxic alterations {i.a., loss of epithelium).
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least significant difference procedures were used to compare
experimental groups (15). Crocidclite and fiberglass induced
significant increases (p < 0.05) in the proportion of the mucosa
involved by squamous metaplasia after both 2 and 4 weeks in
culture {Chart 1). Metaplastic changes were most pronounced
after 4 weeks whereas degeneration of the epithelium, charac-
terized by cell sloughing andjor a spindly epithelium of one-cefl
thickness, often was evident after 6 weeks. Both the “long’’ and
“short” fibers of chrysofile asbestos induced a significant in-
crease in metaplasia at low dosages (1.0 and 4.0 mg/ml, respec-
tively). Exposure to attapulgite resulted in similar effect although
the increase was not statistically significant. High concentrations
{16.0 mg/ml) of “long” chrysotile were markedly cytotoxic as .
determined by desquamation and necrotic aiterations in epithelial
cells.

The labeling index of epithelial cells was increased significantly
in cultures exposed to both crocidolite asbestos and fiberglass
for 2 weeks (Chart 2). Attapulgite and “long” chrysotile also
caused increases in the labegling index, although the changes
were not statistically significant. No change was observed after
exposure for 2 weeks to-“short” chrysotile. After 4 weeks in
culture, labeling indices were low, and experimental groups did
not differ from contrals. The decrease in labeling of epithelial
cells after extended periods in vitro has been observed previously
in this system {16).

Nonfibrous analogues (riebeckite, antigorite, and glass parti-
cles) failed to induce significant increases in both the labeling
index and extent of squamous metapiasia over a range of
dosages and durations of exposure.

The pattern of deposition of materiats on the mucosal surface
was studied by SEM to determine the association of fibers with
metaplastic lesions. Most fibers aggregated at the margins of
the explant, although small numbers of individual fibers also were
distributed randomly on the mucosal surface. These fibers either
rested on nongiliated cells {Fig. 1) or protruded into the mucosal
surface where they often were encompassed by accumulations
of epithefial celis (Figs. 2 o 5). Metaplastic foci were usually

*

1.4

1.2

10

08

0.6

04

Percent Labeled Nuclei

0.2-

\\\\\\\\\\\\‘\\\\\\\"\\\\K\§\\\\\\\\\\\\\\P~—1 *

%
.
.
7
.
%’
L
7
.
Z
.
.
.

A, B c. D.E. F.

Type of Material

Chart 2. Percentage of epithelial cells with labeled nuclei on explants of hamster
trachea 2 weeks after exposure to fibrous and nonfibrous materials. The explants
were exposed to (A) riebeckite, {8) crocidolite, (C) antigorite, (D) “'short” chrysotite,
(E) "ong" chrysotile, (F) glass particles, (G} # fiberglass, (H) code-100 fiberglass,
and () attapulgite at 4.0 mg/ml medium. *, responses which were significantly
different than the corresponding nonexposed controls {(J); bars, S.E.; number of
observations varied between 19 and 26.
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small (<50 um in diameter), but occasionally larger expanses of
the mucosa were affected (approximate diameter > 30{ um; Fig.
5. Although many metaplastic lesions developed in association
with fibers, foci also were located at sites where deposits of
fibers could not be found. .

As noted above, “long" fibers of chrysotile {in contrast to the
other minerals) induced cell distortion and sioughing. These fibers
often formed aggregates which were associated with ciusters of
necrotic cells (Fig. 6). Many fibers became coated with material
having a smooth, bead-like appearance, suggesting deposition
of mucin or proteinaceous material (Fig. 7). Cytotoxicity of nat-
urally occurring asbestos has been described by others in a
variety of cell types (11, 19).

The surface of explants treated with nonfibrous materials was
relatively free of particles. When present, this material accumu-
lated into aggregations which were scattered sparingly over the
mucosal surface.

DISCUSSION

Asbestos and cigarette smoke act synergistically in the devel-
opment of bronchogenic carcinoma (9, 24). The stimulation of
squamous metaplasia by asbestos might predispose epithelial
cells to transformation by carcinogens in cigarette smoke. The
studies recorded here were designed to investigate the role of
particle geometry in the induction of squamous metaplasia by
various materials, Fibers of differing physicochemical composi-
tion induced hyperplasia and metaplasia in cultured tracheal
explants. Their nenfibrous analogues do not.

,. Hyperplastic and metaplastic lesions are found in the airways
of rats after the inhalation of asbestos (4, 31). Therefore, our
observations using cultured tissues are consistent with findings
in animals. ‘

The importance of fiber morphology in the induction of bron-
chogenic carcinoma is unclear, but fibrous shape is critical in the
experimental production of both mesotheliomas (26) and pul-
monary fibrosis (33). intrapieural innoculation of materials com-
prised of iong, thin fibers results in mesotheliomas, whereas
short, blocky fibers are less tumorigenic (26). In the studies of
Stanton et al. {26), maximum carcinogenic activity was observed
with fibers <0.25 ¢m in diameter and >8 um in length; however,
we documented the metaplastic capability of g fiberglass, a
preparation containing fibers >3 pm in diameter. Thus, fiber
length in comparison to diameter seems more important in
eliciting squamous metaplasia. Phagocytosis and subsequent
elimination of short fibers might explain biological inactivity (13,
26, 33), but there has been no satisfactory explanation for the
carcinogenicity of long fibers in the pleural and peritoneal cavity.
Whether or not long fibers of types other than asbestos are
carcinegenic in tracheobronchial epithelium is unproven in ani-
" mals because of the difficulty in generating sized preparations of
fibers for inhalation studies.

Our morphological observations suggest a hypothetical model
by which long fibers stimulate squamous metaplasia (Chart 3).
We have found that fibers occur between cells of the mucociliary
epithelium where they appear to interact with the underlying
basal cells (19, 32). This process is accompanied by necrosis of
superficial epithelial cefls (19). Although no definitive avidence
exists to explain how fibers stimulate squamous metaplasia, the
process probably involves more than compensatory changes
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Intercelfiular
movement
of fiber

Stimulation of
squamous
metaptasia

Chart 3. Hypothetical mechanistm by which long fibers stimulate squamous
mataplasia. Fibers occurved between cells of the mucociliary epithelium and ap-
peared 1o interact with the underlying basal cells. This process causes injury and
compensatory hyperplasia of adjacent basal cells (19). Alternatively, the long fibers
which interact with the mucosal surface might setve as an artificiad substrate which
stimulates the outward migration of epithelial celis. Subsequently, these cells divide
and differentiate into squamous cefls,

resulting from cell death. For example, “long’™ chrysotile was the
most cytotoxic material, but both crocidolite asbestos and fiber-
glass induced more extensive squamous metaplasia.

The nature of the substrate upon which cells rest influences
thelr type of differentiation (8). Long fibers of glass provide a
unique substrate for attachment of cultured fibroblasts and also
act as a stimulus to promote cell division (13). Epithelial cells
which interact with fibers might respond similarly. The failure of
nonfibrous materials to stimulate metaplasia could reflect their
rapid elimination from the mucosa by either phagocytosis or
mucociliary clearance.

Squamous metaplasia in the human respiratory tract is topo-
graphically assoclated with squamous cell carcinoma (29). it
might predispose the respiratory epithelial cells to malignant
transformation by carcinogens in cigarette smoke. The rapid
proliferation of cells which accompanies metaplasia (12) can
enhance DNA damage by chemical carcinogens (14). Alterna-
tively, chronic hyperplasia might promote neoplastic progression
by previously inifiated cells. Squamous differentiation also results
intoss of protective mucociliary function, possibly leading to both
the accumulation and prolonged interaction of carcinogens with
epithelial ceils (32). Cigarette smoking also causes squamous
metapiasia (1) and modifies the deposition and clearance of
inhaled particles (23). Hence, both substances could interact to
increase retention of chemical carcinogens in the respiratory
tract (6).

Because occupational exposure to asbestos is a recognized
health hazard, a variety of nonasbestiform fibers recently have
been promoted as substitutes (3, 21). These include both natu-
rally occurring fibrous minerals (i.e., attapulgite) and a number of
man-made mineral fibers (i.e., fiberglass). Although these mate-
rials are used widely, their biological effects are incompletely
understood (7, 10, 20, 26, 30). Our results suggest that the
ability of inorganic particulates to induce squamous metaplasia
depends upon their fibrous geometry and not on any particular
chemical or structural property unique to asbestos. Thus, other
fibrous materials have the potential to induce hyperplasia -and
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metaplastic alterations in respiratory epithelium. Our results
should be useful in predicting the potential of specific inorganic
particulates to induce proliferative and metaplastic changes in
epithelial cetls.
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Fig. 1. Clusters of "‘short” fibers of chrysotile asbestos on the mucosal surface. After depasition, “short” fibers commonly form agglomerations which often resemble
"long” fibers (... 10 um long, arrowhead). Gold-palladium, x 8GC0.

Fig. 2. “Long" fiber of crocidolite asbestos protruding from the intercellular space between cells of the mucociliary epithelium. At 2 weeks after exposurs, each type
of fibrous material tested (asbestos, fiberglass. and attapulgite) often could be observed embedded similarly in the mucosa. Mechanisms involved in the uptake of such
fibrous minerals have been considered previously by the authors (19, 32). Gold-paltadium, x 4300.

Fig.3. Large fibers of glass on the epithelial surface. Note how mucosai cells migrate to encompass these fibers. Cells appear to adhere to the fibers {arrowheads)
and flatten out over thekr surfaces. The response of the tissue to crocidolite asbestos is similar. Gold-palladium, x 1000.
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Fig. 4. An intercefiutar fiber of giass {arrowhead) which Is associated with a small foci of metaplasia. This lesion is elavated above the surrounding epithelium and
consists of cells which appear squamoid. Epithelial cells alsc phagocytize (arrow) short fibers of glass. Gold-palladium, x 1700.

Fig. 5. Large excrescence of epithelial celis on the mucosal surface of an explant exposed to code-100 fiberglass for 4 weeks. This lesion consists of numerous large,
squamous-ike cells, Many cells appear to encompass “long " fibers of glass (arrowhead). We believe these lesions may evolve by a process as described diagramatically
in Chart 3. Fibers which interact with the mucosal surface in this manner might serve as an artificial substrate, stimulating the outward migration of epitheliat cells.
Subsequently, these cells divide and ditferentiate into squarmous cells. Gold-paltadium, x 450.

Fig. 6. Typical cluster of cells, apparently necrotic, associated with “long”" fibers of chrysotile 2 weeks after deposition. These fibers are quite Cytotoxic to the tracheat
mucosa. Gold-palladium, x 850,

Fig. 7. Single “long" fiber of chrysotile, sitting atop the mucosal surface and coated with material demonstrating a “'bead-like” appearance. This material might be
mucus or protein depasits. Gold-palfadium, x 6800.
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INFLUENCE OF CRYSTALLIZATION HABIT OF
MINERALS ON /N VITRO CYTOTOXICITY*

Lalita D. Palekar,} Charles M. Spooner,} and David L. Coffin§

tNorthrop Services, Inc.
Environmental Sciences Group
Research Triangle Park, North Carolina 27709

£GCA Technology
Bedford, Massachusetts 01730

§Environmental Protection Agency
Research Triangle Park, North Carolina 27711

The health hazards caused by exposure to commercial asbestos particles are well
known. The question, however, still remains whether the nonasbestiform equivalents
of these minerals to which people may be exposed in mining, quarrying, and other
activities can also have adverse effects on human heaith. Identification of minerals in
various crystailization habits and their interactions with biological systems is perti-
nent. Unfortunately, direct study of the physical, chemical, and biological properties
of all minerals and their varietics would be an extremely expensive and time-
consuming project.-A more practical approach is to define the physical and chemical
properties of minerals and their varieties in different categories and test them

- simultaneously in selected biological systems. It is conceivable that extrapolations can
:be made to relate specific mineralogical properties to specific biological activities.
Several attempts have been made by other investigators to relate physical and/or
. chemical properties of minerals with biological properties. While some studies
revealed that hemolysis of mammalian erythrocyte is related to mineral surface
area,'? others have shown that it depends on surface charge,>® and yet others have
indicated 2 relationship to magnesium content.** In an earlier study, we demon-
strated that still another mineral characteristic—namely, asbestiform crystallization
habit—is res1ponsible for sheep erythrocyte hemolysis and rabbit alveolar macrophage
cytotoxicity. ‘

The study is designed in an attempt to define the roles of physical and chemical
characteristics in the biological system. Four samples of cummingtonite-grunerite
series in different crystallization habits are selected. In preparation for biological
studies, these minerals are ground to obtain samples of various particle sizes. All
samples are characterized for chemical composition, size distribution, and surface
charge. Biological activity of the samples is assessed in terms of cell lysis of sheep
erythrocytes and cytotoxicity to Chinese hamster ovary cells.

*This report presents the results of work performed by Morthrop Services, Inc. (under
Contract Number 68-02-2566) and GCA Technology (under Contract Number 68-02-2771) for
the United States Environmental Protection Agency.
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MATERIALS AND METHODS
Sample Selection

Asbestiform Grunerite

This is the classical South African asbestiform grunerite; the actual sampie used is
the UICC amosite standard.

Acicular Grunerite

This sample is obtained from Smallwood Mine (Wabush, Labrador, Canada) anfi
is composed of parallel acicular erystals. The color of the semitransiucent crystals is
yellowish green and their luster is subadamantine and silky. ’

Semiasbestiform Cummingtonite

This sample is obtained from Homestake Mine (Scuth Dakota, U.S.A.). The
crystals display a definitely fibrous appearance, but are less conspicuously asbestiform
than amosite. The color of the semitransiucent crystals is greenish brown and their
luster is adamantine and pearly, with some portions showing the sitky luster of
amosite. The length of the crystals ranges from a few millimeters to almost 10 ¢m; the
width appears to be submicroscopic, The fibers can be separated by a needle with some
difficulty (that is, not as easily as amosite fibers). The fibers are stiff in larger
dimensions and become flexible as the size of the fibers is decreased. None of the
fibers show the characteristic silky shine and high flexibility of amasite. .

The term “semiasbestiform” is introduced to express this sample’s intermediate
asbestiform characteristics. Unfortunately, no quantitative expression is available at
present to express the degree of asbestiform development of amphibole fibers. All that
can be stated at this point is that the development of asbestos properties in this sample
is somewhere between the lack of asbestos properties of the acicular variety and the
highly developed asbestos properties of amosite.

Acicular Cummingtonite

This sample is obtained from Homestake Mine (South Dakota, U.S.A.) and is
composed of radiating acicular crystals. The color of the opaque-to-semitranslucent
crystals is similar to the semiasbestiform crystals but darker, and the luster is more
dull than that of the semiasbestiform fibers. The length of the crystals ranges from 0.5
to 10 mm; the width is 0.1 mm or less. Most of the crystals are stiff and brittle; some,
however, demonstrate 2 small degree of flexibility, These latter crystals are removed
from the sample when noticed; however some are probably missed in this crude visual
process. The sampie is expected to have a small degree of asbestiform character.

SAMPLE ANALYSIS

Chemical Analysis

Electron probe microanalysis is performed with a MAC Modet 5 probe. {\p?roxi-
mately 10 mg of sample are mounted in the epoxy medium and the sample is viewed
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opticaily in the instrument at a beam size of 5 pm in diameter. Silicate and oxide
standards are used in calibration of the probe. The instrument is computerized and
matrix corrections are made using the Bence-Albee recursive method. Approximately
six analyses are made for several particles ranging from 10 to 20 um in diameter. The
average of these point analyses is generaily within = 5 percent, where there is no
chemical zoning.

Measurement of Surface Area

Surface area is determined by the BET adsorption isotherm method using N, as
the adsorbent. Determinations are made in an all-glass vacuum system operating at a
pressure of less than 2 x 107* torr. An oxygen vapor thermometer is used to measure
directly the partial pressure of nitrogen in the liquid nitrogen bath and hence that
equilibrium value inside the sample bulb. This method gives a more direct, accurate
value than would be obtained with a thermocouple. .

Measurement of Zeta Potential

“The surface charge of gross dispersion of the minerals in buffered solution is
measured using a microelectrophoresis instrument. The instrument cell attached to
the microscope is filled with 25 ml of freshly prepared suspension of particles. This, in
turn, completes a circuit giving a potential difference of about 150 V across the cell.
Measurements are by means of a null technique (stopping the “cloud” of particles
which appear to move across the viewing field), rather than the commonly used timing
of transit of an individual grain across a known distance. -

- ASSESSMENT OF HEMOLYSIS OF SHEEP ERYTHROCYTES

The sheep blood is obtained in Elsevier’s solution commercially. Before use, the
erythrocytes are washed three times in veronal-buffered saline and a standard 2
percent suspension is prepared. As a standard reference, a lysate is prepared by adding
1 ml of 2 percent erythrocyte suspension to 3 ml of water. To standardize the Varian
spectrophotometer, the lysate is read at 540 mM. Proper adjustments are made if the
lysate absorbance is not between 0.700 and 0.750.

The test samples at a known concentration are added to a test tube containing 3 mi
of Veronal-buffered saline and incubated at 37°C for 10 minutes and then 2 percent
erythrocyte suspension is added. The tubes are then incubated at 37°C for 50 minutes.
After this period, the tubes are centrifuged at 1500 rpm and the supernatant is read on
the Varian spectrophotometer at 540 mM and percent hemolysis is calcujated as
follows: :

Optical Density of Sample

- - 100 = % Hemolysi
Optical Density of Lysate x % Hemolysis

Each sample is checked for surface adsorption of hemoglobin. Four m! of lysate
are added 10 2 known amount of test sample and incubated for 50 minutes at 37°C.
The tubes are then centrifuged and the supernatant is read on the Varian spectropho-
tometer at 540 mM and percent adsorption is determined as follows:

Optical Density of Lysate — Optical Density of Sample

i i = % Adsorpti
Optical Density of Lysate 0 rpiion

U S Y S PR
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If a particulate sample is found to adsorb hemoglobin, the values of percent adsorption
and hemoglobin are added to obtain actual hemolysis.

ASSESSMENT OF CYTOTOXICITY TG CHINESE HAMSTER OVARY
(CHO) CeLLs

The CHO cell line is obtained from the American Type Ceil Collection. The cells
are maintained in F-12 medium supplemented with 10 percent fetal calf serum, 100
units penicillin/ml and 100 pg/mi streptomycin. The cuitures are incubated at 37°C
and gassed with 5 percent CO, in air,

The cultures are seeded at 500 celis/25-mm? Corning flask in 4 m] of the nutrient
medium and incubated at 37°C for 24 hours for attachment. After this period, 2
known amount of test sample is agded to the cultures and incubated for 6 days; during
this time, the cells divide and form separate colonies. The medium is then removed,
and a mixture of 0.5 percent NaCl and 4 percent methanol in 10 percent formalin is
added to fix the colonies. The colonies are stained with 0.04 percent crystal violet and

counted (using a colony counter). The number of colonies is determined as a percent of
control (cells without test particles).

RESULTS
Hemolysis

Chemical analysis revealed that all minerals are iron-rich silicates {TABLE 1). The
Fe/Mg ratios of 80/20, 90/10, 70/30, and 70/30 confirmed that the first two
samples, UICC amosite and Labrador grunerite, are indeed grunerites and that the
other two samples, semiasbestiform and acicular cummingtonite, are truly cumming-
tonites.

A comparison of hemolysis caused by these samples is indicated in TABLE 2. The
degree of hemolysis caused by the asbestiform variety (UICC amosite) was much
higher than that caused by other varieties of comparable surface area. Asbestiform
particles with a surface area of 4.13 m?/g caused 53.3 percent hemolysis, whereas

TABLE 1
ELECTRON PRORBE MICROANALYSIS

Cumsmingtonite~Grunerite

Asbestiform Acicular Semiasbestiform Acicular
Elements Grunerite Grunerite Cummingtonite Cummingtonite
wt. % Oxide b % - % %
Si0, 43.13 48.34 52.36 52.77
FeOQ 29.95 43.93 33.76 34.02
MzO 3.50 3.04 8.10 8.16
Na, 0 0.2t 0.03 — 0.40
K0 1.87 0.05 — —
CaQ 0.24 0.31 0.94 0.95
MnO 1.04 0.70 0.45 0.45
TiO, 0.27 0.03 — -
AlLO, 5.43 0.36 1.54 1.55
Fe/Mg 80/20 90/10 70/30 70/30
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TABLE 2
HEMOLYSIS CAUSED 8Y CUMMINGTONITE-GRUNERITE MINERALS

Hemolysis at

20 mg/ml Surface Area Surface Charge
Mineral % m?/gm mV
Asbestiform
Grunerite 533 45 4.13 —26.9 £ 3.1
(UVICC Amasite)
Semiasbestiform 3248 + 7.69 388 —225+ 2.2
Cummingtonite 318 7.9 1.6
3123 + 4798 1.21
Acicular 29.57 + 1.4] 3.7¢
Cummingtonite 114 £ 42 2.45 —157 + 24
18.94 £ 2.52 82
Acicular - 400 =+ 7.1
Grunerite 3248 £ 4.6
1583 + 2.0 —26.2 £ 40
100 1.0
0 2.82

acicular particles with a surface area of 2.82 m?/g caused no hemolysis. The
in-between samples, semiasbestiform and acicular cammingtonite, were found to be
less hemolytic than the asbestiform grunerite but more hemolytic than the acicular
grunerite. Semiasbestiform cummingtonite samples of surface area 3.88 m’/g caused
32.48 percent hemolysis, whereas acicular cummingtonite samples of surface area
3.76 m?/g caused 29.57 percent hemolysis. Although of different crystallization habit,
these two samples did not exhibit any difference in hemolytic activity. The semiasbes-
tiform samples of surface area 3.88 m?/g and 1.6¢ m?/g caused 32.48 percent and
31.8 percent hemolysis, respectively. The acicular samples of surface area 3.76 m?/g
and 2.45 m?/g caused 29.57 percent and 31.4 percent hemolysis, respectively. At a
lower surface area, however, the samples showed a significant difference in hemolysis.
Semiasbestiform variety of surface area 1.21 m?/g caused 32.2 percent hemolysis,
whereas acicular samples of surface area 0.82 m?/g caused only 18.94 percent
hemolysis.

A relationship between the degree of hemolysis and particle size of the samples
was demonstrated with acicular grunerite samples of a variety of size distribution.
Although the sample of 2.82 m?/g surface area caused no hemolysis, when the sample
was ground further, 10 percent hemolysis resulted. Samples with increasingly finer
particles caused 15.83 percent, 32.48 percent, and 40 percent hemolysis, respectively.
Unfortunately, no surface area values were determined for this sample at this point.

In these data, no relationship between surface charge and degree of hemolysis is
apparent. The surface charges of the asbestiform and acicular grunerite were found to
be identical, yet their hemolytic activities were extremely different. On the other hand,
the semiasbestiform and acicular cummingtonite had different surface charges but
exhibited similar hemolytic activities.

Cytotoxicity

Cytotoxicity to CHO was determined by counting the numbers of clones surviving
after exposure to test substances as compared to the number of clones in the untreated

o e e
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cultures. Asbestiform grunerite of surface area 4.13 m?/g (FIGURE 1) was found to be
the most toxic. At the dose of 0.05 mg/ml, less than 25 percent of the clones survived.
At higher doses of 0.1 and 0.2 mg/ml, only 5 percent and 1 percent of the clones
survived, respectively. Acicular grunerite of comparable surface area 2.82 m?/g
(Sample A, FIGURE 2) was nontoxic even at 0.50 mg/ml, a ten-times-higher dose.
Acicular grunerite, when ground further (Sample B, FIGURE 3), was also nontoxic at
the dose of 0.50 mg/ml. Samples with still finer particles (Sample C, FIGURE 4) were
slightly toxic at 0.40 and 0.50 mg/ml, showing only 75 percent and 45 percent
survival, respectively. In the samples with the most fine particies (Sample D, FIGURE
5), toxicity was observed at the 0.20 mg/ml dose. Seventy-five percent of the clones
survived at 0.20 mg/ml, 55 percent at 0,30, 40 percent at 0.40, and 35 percent at 0.50
mg/ml. No significant toxicity was observed at lower concentratiens of 0.05 and 0.10
mg/ml.

ASBESTIFORM GRUNERITE
25— S.A. 4.13
S.C.-26.9 % 3.1

00—

75—

OF CONTROL

50—

%

25—

NUMBER OF COLONIES

s ey . T
005 0i0 020 030 040 050
mg/ml

FIGURE 1. Surviving CHO clones (expressed as percent of untreated controls) following
exposure to various doses of asbestiform grunerite, UICC amosite, (S.A. 4.13 m?/g).

The levels of cytotoxicity caused by semiasbestiform and acicular varieties of
cummingtonite were compared. Semiasbestiform of surface area 3.88 m?/g was
relatively more toxic than the acicular varicty of comparabie surface arca 3.76 m?/g
(FIGURES 6 and 7). At the doses of 0.05 and 0.10 mg/ml, 85 percent and 70 percent of
the clones survived, respectively, when exposcd to the semiasbestiform variety. No
toxicity was observed at these doses with exposure to the acicular variety. At higher
concentrations, no significant difference in cytotoxicity was observed; however, in both
instances the cytotoxicity leveis were dose-dependent. Similar levels of cytotoxicity
were caused by the semiasbestiform samples of surface areas 1.61 m?/g and 3.88 m?/g
(FIGURES 8 and 6). The acicular variety of surface area 2.45 m?/g {FIGURE 9) was
relatively less toxic, however. No toxicity was obvious up to 0.30 mg/ml. At 0.40 and
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ACICULAR GRUNERITE
25— SAMPLE A
" S.A. 2.82
w S.C.-26.2+4.0
p=d 100 —
82 T} T
SE
53
& i 50—
m
=z
> 25—

0.05 010 020 030 040 050
mg/m

FIGURE 2. Surviving CHO clones {expressed as percent of untreated controls) following
exposure to various doses of acicular grunerite, (S.A. 2.82 m?/g, Sample A).

150 — ACICULAR GRUNERITE

. SAMPLE B

: S.C.—26.2+4.0
n 125— -
w ~x-

B .

dSwo— T+ F T

o "2' T -

(]

Lo 75— |
o i
xS |
W O 50— ) l
0 o .
=3¢ :
> 25— |

0.05 010 020 0.30 040 0.50
mg/mi :

FIGURE 3. Surviving CHO clones (expressed as percent of untreated controls) following
exposure to various doses of acicular grunerite (Sample B). i
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150—

ACICULAR GRUNERITE
— SAMPLE C
125 S.C.-26.21 4.0

100— ”‘: l— {
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!

1
005 010 020 030 040 050
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FIGURE 4. Surviving CHO clones (expressed as percent of untreated controls) following
exposure 10 various doses of acicular grunerite (Sample C).

ACICULAR GRUNERITE
25— SAMPLE D

" I 8.C.-26.214.0
g S100— —  _
Sz
o= -
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75—
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FIGURE 5. Surviving CHO clones (expressed as percent of untreated controls) following
exposure to various deses of acicular grunerite (Sample D.)
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SEM/-ASBESTIFORM
CUMMINGTONITE
125 — S.A. 3.88
” S.C.-22.5:2.2
w
Zz 00—
° s _}
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0.05 0J0 020 030 040 050
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FiGure 6. Surviving CHO clones (expressed as percent of untreated controls) following
exposure Lo various doses of semiasbestiform cummingtonite, (S.A. 3.88 m?/p).

ACICULAR CUMMINGTONITE
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FIGURE 7. Surviving CHO clones (expressed as percent of untreated controls) following
exposure ta various doses of acicular cummingtonite (S.A. 3.76 m*/g).
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SEMI-ASBESTIFORM
CUMMINGTONITE

o
o
l

S.A. 1.6l
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Calls:

005 0/0 020 030 040 050
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FIGURE B. Surviving CHO clones (expressed as percent of untreated controls) foltowing
exposure to various doses of semiasbestiform cummingtonite (S.A. 1.61 m%/g).

ACICULAR CUMMINGTONITE

S5.A. 2.45
S5.C.-15.7+x2.4

11

005 0J0 Ezo/oi'so 040 050

FIGURE 9. Surviving CHO clones (expressed as percent of untreated controls) following
exposure to various doses of acicubar cummingtonite (S.A, 2.45 m'/g).
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0.50 mg/mli, more than 50 percent of the clones survived. The semiasbestiform sample
of surface arez 1.21 (FIGURE 10) was slightly less toxic than the two other samples
(surface areas 3.88 and 1.61 m?/g). The acicular cummingtonite of surface area 0.82
m’/g (FIGURE 11) was nontoxic even at a high dose of 0.5 mg/ml.

The relationship between surface area and toxicity was not quite obvious in the
semiasbestiform samples. The cytotoxicity caused by acicular cummingtonite, howev-
er, was found to be related to surface area. Samples of higher surface area were more
toxic than those of lower surface area.

In this study, there was no correlation between surface charge and cytotoxicity to
CHO cells. Asbestiform grunerite and acicular grunerite with similar surface charges
(—269 and —26.2 mV, respectively) caused cytotoxicity of extreme values. The

SEM/-ASBESTIFORM
CUMMINGTONITE
125— S.A. L2

o S.C.-22.5+2.2
=z —_
g3 100 |
32 1
©z 75~ _I_
& 0
. 501__
a
w © %
s & T
=% 25—
=2

P

005 010 0.20 0.30 040 050
mg/ml

FIGURE 10. Surviving CHO clones (expressed as percent of untreated controls) following
exposure to various doses of semiasbestiform cummingtonite (S.A. [.21 m?/g).

semiasbestiform and acicular cummingtonite were of diflerent surface charge; the
cytotoxicity caused by these samples was, however, found to be similar.

DISCUSSION

The asbestiform development of chain silicates is a continuous process depending
on the earth’s cooling history, temperature, pressure, presence of water, and ot_hcr
physical conditions. Since these conditions may be different in different geological
regions, it is quite common to find silicates of similar chemical series in various
developmental stages of crystallization habits. Some chain srhcates' may consist
entirely of perfect long fibers with high tensile strength, some may consist of acicular,
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noticeably weaker and brittle crystals, and yet others may consist of a mixture of
high-tensile strength and acicular crystals with variable structural faults and surface
defects.!

The chain silicate ashestos types exploited for commercial use are of the first
category (perfect, long fibers of high-tensile strength). Epidemiclogical studies have
clearly revealed that exposure to commercial asbestos is hazardous to human bealth.
In vitro cytotoxicity studies and hemolysis studies have also shown that commercial
asbestos 15 cytotoxic and hemolytic. In this study, we investigated the cytotoxicity and
hemolytic activity of four samples of cummingtonite-grunerite series in four different
crystallization habits.

The complexity of interaction of minerals with biological systems has been
suggested by several investigators. The significance of surface area in hemolysis was

ACICULAR CUMMINGTONITE

150~ S.A. 0.82
- S.C.-I15.7%2.4
125~ — -
w
= 100
K -
z3 =T - 1[
' E -
S z 75— - ~
w o -
© uw 50
xo
Ce
2% 25—
=z
005 0I0 020 030 040 0.50
mg/ml
FiGURE 11. Surviving CHO clones (expressed as percem of untreated controls) following

exposure to various doses of acicular cummingtonite (S.A. 0.82 m*/g).

indicated by Harrington et al.,' who reported that the degree of hemolysis caused by
several UICC asbestos samples was proportional to surface area. Light and Wei,™ on
the other hand, demonstrated that, at a dose compensated to provide an equal amount
of surface area, the hemolysis caused by UICC asbestos samples was proportional to
surface charge. The importance of Mg ions has also been investigated, When Mg was
removed from UICC chrysotile by acid wash, it became inert,"*® pointing out the role
of Mg in hemolysis; however, the investigators were unable to document this
relationship with other UICC amphiboles. For these reasons, our samples were
carefully characterized for surface area, surface charge, and chemical content. A
careful evaluation was undertaken to determine whether there is indeed a relationship
between the two biological systems studied and the crystallization habits.

The initial comparision between the four samples of different crystallization habits

e e
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was made at comparable surface areas of 4.13, 3.88, 3.76, and 2.82 m?/g of UICC
amosite, semiasbestiform cummingtonite, acicular cammingtonite, and acicular grun-
erite, respectively. The data indicate that hemolysis of sheep erythrocytes and
cytotoxicity to CHO cells was inversely proportional to the degree of development of
asbestos character in the minerals. Amosite from South Africa with high-tensile
strength and practically no surface defects was most hemolytic and cytotoxic. The
other three samples (semiasbestiform cummingtonite, acicular cummingtonite, and
acicular grunerite) with limited or no asbestos character in increasing order were
hemolytic and eytotoxic in decreasing order, the most norasbestiform mineral being
totally inert. The degree of hemolysis caused by UICC amasite is in agreement with
the reports of other investigators."*

The relationship of hemolysis and cytotoxicity to particle size became clear when
several samples of acicular grunerite were compared. Acicular grunerite of relatively
low surface area (2.82 m’/g) was totally inert; when the samples were then ground
further, they were hemnolytic and cytotoxie. This relationship was not quite apparent in
the levels of hemolysis caused by semiasbestiform cummingtonite and acicular
cummingtonite; it was, however, obvious in the cytotoxicity assay. Unfértunately,
surface areas of the finer acicular grunerite samples were unavailable. Hence,
conclusive correlation cannot be made between surface area and biological activities.

No relationship between surface charge and hemolysis (as well as cytotoxicity)
was apparent. The complexicity of surface charge in biological systems has been
indicated by Light and Wei.>* Surface charge is known to vary according to pH, ienic
strength, and the amounts of serum or surfactant present in the system. The zeta
potentials for these studies were obtained in Veronal-buffered solution at pH 7.4,
rather than in distilled water at pH 7.4. The surface charge value for UICC amosite in
Veronal buffer was —26 mV as compared to —58.5 mV reported by other investiga-
tors.” However, since Veronal buffer was used for hemolysis assay, it seemed
appropriate to use this system for determinations. Moreover, the hemolysis and
cytotoxicity assays used in this investigation involved the presence of hemoglobin and
serum, respectively. The fate of surface charge of the particles after being exposed to
the sheep erythrocytes and CHO celis was not calculated. More work will be requxred
to establish the role of surface charge in these biological systems.

Analysis of these data indicate that crystalhzatton habit plays an important role in
hemolysis and cytotoxicity. Although asbestiform minerals are known to be hazardous
(and demand significant attention), other minerals of semiasbestiform and acicular
variety should not be ignored. It seems possible that, at higher doses and surface areas,
the nonasbestiform minerals could also be hazardous to human health. More epide-
miological and experimental research will be required to fully understand minerals
and their effects in biological systems.

SUMMARY

Four samples of cummingtonite-grunerite series in various crystallization habits
were tested in vitro. The cytotoxicity to Chinese hamster ovary cells and hemolysis to
sheep erythrocytes was inversely proportional to the structural faults and surface
defects of the minerals. At a comparable surface area, ashestiform grunerite (UICC -
amosite), semi-ashestiform cummingtonite, acicular cummingtonite, and acicular
grunerite were found to be cytotoxic and hemolytic in a decreasing order. The
influence of particle size on hemolysis and cytotoxicity was observed with acicular
grunerite. Although samples of relatively large particle size were found to be inert,
samples of smaller particle size were cytotoxic as well as hemolytic. No apparent
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relationship between surface charge and hemolysis as well as cytotoxicity was
observed.
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MORTALITY FROM LUNG CANCER AND RESPIRATORY DISEASE
AMONG POTTERY WORKERS EXPOSED TO SILICA AND TALC!

TERRY L. THOMAS anp PATRICIA A. STEWART

Thomas, T. L. (Environmental Epidemiology Branch, NC1, Bethesda, MD 20892)
and P. A. Stewart. Mortality from lung cancer and respiratory disease among
pottery workers exposed to silica and talc. Am J Epidemiol 1987;125:35-43.

A cohort montality study of white men employed for at least one year between
1939 and 1966 at three plants ot a single United States company was conducted
to avaiuate the risk of lung cancer and nonmalignant respiratory disease among
workers exposed to silica dust and nonfibrous (nonasbestiform) talec in the
manufacture of ceramic plumbing fixtures. Follow-up of 2,055 men through
January 1, 1981, indicated a substantial excess of nonmalignant respiratory
disease among those with high levels of exposure to silica dust (standardized
maortality ratio = 2.26). The risk of nonmalignant respiratory disease rose with the
number of years exposed, was not further enhanced by talc exposure, and
. appeared-to be appreciably lower among those exposed in moare recent time
pericds. For lung cancer, men exposed to high levels of silica dust with no talc
exposure had a nonsignificant standardized mortality ratio of 1.37. However,
those exposed to nonfibreus talc in addition to high leveis of silica had a
significant 2,5-fold excess risk of lung cancer. Among this group, the lung cancer
standardized mortality ratio rosa with increasing years of tale exposure to 3.64
among those exposed for 15 or more years. Although the role of silica as a
cofactor cannot be ruled out, these data suggest that nonfibrous talc exposure

iy associated with excess lung cancer risk.

lung diseases; lung neoplasms; occupational diseases; silica; talc

Adverse health effects historically asso-
ciated with employment in the pottery in-
dustry are toxicity from lead used in glazes
(1) and silicosis and silicotuberculosis from
silica found in clay {1-4). Recently, it has
been suggested that silica dust might be a
lung carcinogen, a cocarcinogen, or a pro-
moter (5, 6). A proportionate mortality
study of pottery workers in the United
States (7) indicated an excess of deaths due
to lung cancer, tuberculosis, and nonmalig-
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nant respiratory disease. While the excess
of tuberculosis and nonmalignant respira-
tory disease occurred among workers in all
subcategories of the industry, the lung can-
cer excess occurred exclusively among
workers employed in the manufacture of
ceramic plumbing fixtures. Silica is the ma-
jor occupational exposure of these workers,
but they may also be exposed to tale dust,
pigments used in glazes, and other sub-
stances. A cchort mortality study was un-
dertaken to further investigate the risk of
nonmalignant respiratory disease, lung
cancer, and tuberculosis among workers in
the plumbing fixture industry.

MATERIALS AND METHODS
Study populiation

Three plants of a single United States
company producing ceramic plumbing fix-
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tures were selected for study. The oldest of
these plants, located in a small town in the
midwestern United States, began produc-
tion in about 1901. The second plant, lo-
cated in an east coast urhan area, was ac-
quired by the company in 1929. The newest
plant was built in 1957 in a rural area of
the northeast.

Company personnel rosters and files
were used to compile a list of all employees
who had completed at least one year of
employment with the company between
January 1, 1939, and January 1, 1966.
There is a slight overlap between this study
group and the subjects in an earlier study
by Thomas (7). The earlier study included
all union members who died between 1955

" and 1977 while they were actively employed -

or after they had retired, and therefore
included some deceased employees of these
three plants. Information abstracted from
the service records of each employee in-
cluded name, birth date, Social Security
number, sex, race, dates employed by the
company, and complete work history with
the company. Work history information in-
cluded the plant location, job titles, depart-
ments, and dates worked. Vital status of
each study subject on January 1, 1981, was
determined from company, Social Security
Administration, credit bureau, and depart-
ment of motor vehicles records. Death cer-
tificates for subjects known to be deceased
were obtained from appropriate state vital
records offices and were coded by a quali-
fied nosologist according to the rules in
effect at the time of death but using Inter-
national Classification of Diseases, Adapted,
Eighth Revision codes (8). Study subjects
reported to have died after January 1, 1981,
were counted as slive at the end of the
study, and persons reported to be deceased
for whom no death certificate was found
were treated as vital status unknown. Non-
white men (n = 55) and women (n = 169)
were excluded from the statistical analyses
due to their small numbers.

Industrial process and exposures

The industrial process in the manu-
facture of ceramic plumbing fixtures con-

sists of mixing raw materials, casting liquid
clay into molds, finishing, glazing, firing,
inspecting, and packaging (table 1). Raw
materials are mixed with water in the slip
house to form a liquid slurry (slip). In the
cast shop, casters dust plaster-of-paris
molds with talc, pour slip into the molds.
remove pieces from molds after they are
set, and sponge and trim molded pieces.
The pieces are held in a drying area for
several hours prior to being sponged and
sanded by finishers. The pieces are then
sprayed with glaze before being loaded onto
kiln cars and fired at high temperatures.
The fired pieces are inspected, the hard-
ware is affixed, and the finished pieces are
packaged in cardboard boxes.

“The predominant exposure of concern in
this industry is quartz, & crystalline free
silica. It is a major constituent of china
clay, ball clay, feldspar, and flint used to
make slip and is the primary exposure in
numerous plant departments. In the pro-
duction areas, silica becomes airborne when
wet clay falls to the floor, dries, and forms
a layer of dust, and when products are
sanded and finished. Exposure to nonfi-
brous talc occurs almost exclusively in the
cast shop. The Montana steatite talc, used
to dust molds since about 1955, appears to
contain no asbestiform fibers (9-11). Be-
fore 1955, flint and ground clay were used
to dust molds, Glazes consist of raw mate-
rials similar to those in the slip, small
amounts of tale, and various pigments. In
the past, tremolitic (fibrous) talc was used
in some glazes, but its use was discontinued
in these plants in 1976.

No measurements of airborne silica or
talc dust, current or historical, were avail-
able; however, the authors decided that a
detailed knowledge of the industrial proc-
esses and job duties was sufficient for de-
termining the exposure classifications used
in this investigation. After conducting a
walk-through survey of the plants, the in-
dustrial hygienist (P. A. S.) classified each
job title-department combination listed in
the work history of each of the study sub-
jects according to its potential exposure to
silica dust (none, low, or high). All jobs that
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TasLE 1
Steps in the preduction of ceramic sanitary ware, 1940-198¢
Process and description Exposures
<lip making High silica

Grind raw materisls
Mix with water
{asung
Dust molds
Pour liquid clay into molds
Release pieces from molds
Sponge molded pieces and smooth rough areas
Finishing
Dry pieces
Sand and smocth dried pieces -
Spray glazing
Spray dried pieces with glaze
Firing
Load glazed pieces onto kiln cars
Send cars through kiln
Inspecting
Inspect fired pieces
Packaging
Artach hardware
Package finished products
Miscellaneous operarions
Glaze making
Grind raw materials
Mix with water
Mold making
Make molds for large pieces
Maintenance
Maintain and repair equipment
Clean production areas
Clerical, administrative
- Officewerk. . . . . .

High silica, nonfibrous talc (after 1955)

High silica
High silica, fibrous talc (before 1976)

Low silica

Low silica

Low silica

High silica, fibrous talc {before 1976)

Plaster-of-paris, Jow silica

High silica, fibrous talc (before 1976),
nonfibrous tale (after 1955)

No exposures

involved exposure to tale had high silica
exposure; thus, the jobs with high silica
exposure were also classified according to
whether there was exposure to no talc, non-
fibrous talc, or fibrous taic. This was done
without knowledge of the vital status of any
studv subject.

Statistical methods

Person-years at risk of fatal disease were
accumulated for each study subject begin-
ning with either January 1, 1940, or one
vear after the date of hire, whichever was
more recent, and ending on the date he was
last known to be alive. Observed numbers
of deaths in the study group were totaled
tor specific causes. Corresponding expected
numbers of deaths were calculated by muil-
tiplying cause-specific death rates for white

men in the United States by person-years
at risk in the study group with appropriate
adjustments for age and calendar period
(12). Standardized mortality ratios were
calculated as the ratio of observed to ex-
pected deaths. Statistical significance of
the standardized mortality ratios was de-
termined at the 5 per cent level using a
Mantel-Haenszel chi-square test with one
degree of freedom (13). In the tables, stand-
ardized mortality ratios are shown in pa-
rentheses when both observed and expected
deaths are less than five.

A hierarchy for exposure to silica and
tale was creaied from the classifications
assigned by the industrial hygienist., Jobs
with no exposure tc silica or talc were
placed in the lowest category in the hier-
archy, and jobs with low silica exposure
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were placed second. The divisions of the
high silica exposure category were rated in
the hierarchy according to talc exposure,
with no talc exposure as the lowest and
fibrous talc exposure as the highest. Per-
son-years at risk were accumulated in an
exposure category until a study subject
moved into a job in a higher category in the
hierarchy or until he left the study. A sub-
ject did not contribute person-years to a
-classification lower in the hierarchy once
he entered a higher exposure classification.
Thus, the lowest category contained per-
son-years during which a subject had never
been exposed to silica or talc, while the
highest category contained person-years
that occurred only after a subject had ever
been exposed to fibrous talc. In the analyses
of Jung cancer and nonmalignant respira-
tory disease by duration and latency of
silica exposure, all subjects who had ever
had a job with silica exposure were included
regardless of their talc exposure.

RESULTS

Vital status on January 1, 1981, was con-
firmed for 96 per cent of the cohort. Among
the 2,055 white men in the study group.
1,394 (67.8 per cent) were known to be alive
and 578 (28.1 per cent) were known to be
deceased, while the remainder were un-
known (2.3 per cent) or deceased without
death certificate confirmation (1.7 per
cent). Study subjects were followed for an
average of 27.1 years, resulting in a total of
55,717 person-years at risk of fatal disease.
More than 60 per cent were employed for
10 or more years.

The standardized mortality ratio for all
causes of death was significantly less than
1.0 (table 2} because of significant deficits
of infectious disease including tuberculosis,
of digestive cancer, of other digestive dis-
ease, and of violent deaths. The number of
deaths observed for all cancers was nearly

“the same as expected, bet there was a sig-

nificant excess of lung cancer deaths. The

TABLE 2
Mortality, 1940-1980, ameng white male pottery workers
Linderlving cause of death Observed Expected SMRS§
(ICDA-8 ¢codes)t deaths deaths}
All causes of death - 578 645.1 0.90°
Infectious and parasitic disease (000-139} 5 12.9 0.39°
Tuberculosts (010-019) 3 79 0.38
Malignant neoplasms (140-209) 124 122.0 1.02
Digestive cancer (150-159) 19 36.5 0.52*
Lung cancer (162) 52 36.3 1.43*
Lymphatic and hematopoietic (200-209} i4 118 1.19
All other cancer 39 374 1.04
Ischemic heart disease (410-413) 231 222.1 1.04
Vascular lesions of the central nervous system
{430—438) 34 45.7 0.74
Nonmaligant respiratory disease {(460-519} 64 37.0 1.73*
Pneumonia (480-486) 16 o143 112
Emphysema (492) i 8.5 0.82
Other respiratory disease 41! 1.1 2.90°
Digestive disease (§20-577) 20 31.6 0.63*
Accidents, suicide, homicide (800-998) a3 64.2 0.51°
All other causes 67 109.6 061°

" Suatistically significant at « = 0.05.

t ICDA-8, Internationg! Ciassification of Diseases, Adapted, Eighth Revision.
% Expected deaths were calculated by multiplying cause-specific death rates for United States white men by
person-years at risk in the study group with appropriate adjustments for age and calendar period.

§ SMR = stendardized mortality ratio.

1 Includes one case of influenza, one case of asthma, 23 cases of pneumoconiosis, eight cases of chronic
interstitial pneumonia, and eight cases of “other respiratory disesse.”
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-nagnitude of the standardized mortality
ratio did not change significantly when
lung cancer rates from the three counties
in which the plants were located were used
10 calculate the expected number of deaths
{expected = 38.0, standardized mortality
ratio = 1.37). The standardized mortality
ratio for nonmalignant respiratory disease
was also significantly elevated. This finding
can be attributed to & nearly threefold ex-
cess of nonmalignant respiratory disease
deaths not classified as pneumonia or em-
physema, which included 23 deaths noso-
logically classified as pneumoconiosis due
to silica and silicates.

Table 3 shows mortality from lung cancer
and nonmalignant respiratory disease by
vear of hire. Nonmalignant respiratory dis-
case risk appeared to decrease over calen-
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dar time, while excess lung cancer mortality
peaked among persons hired between 1940
and 1949. The latent period for persons
hired in 1950 or later was probably not
sufficient to observe whether a significant
excess of lung cancer deaths occurred.
Excess risks of lung cancer and nonma-
lignant respiratory disease were observed
exclusively among persons exposed to high
levels of silica dust (table 4). Nonmalignant
respiratory disease standardized mortality
ratios were consistently elevated among
workers with and without exposure to non-
fibrous talc but not among those exposed
to fibrous tale. Lung cancer mortality was
slightly elevated among persons with ex-
posure to fibrous talc and those with no
tale exposure, but there was a significant
2.5-fold excess among workers with expo-

TasLE 3

Lung cancer and nonmalignant respiretory disease

martaiity, {940-1980, among white male pottery

workers by year of hire

Lung cancer Nonmalignant respiratory disease
Year of
hi Obzarved Espected Observed Expected
' denths deathst SMRY deaths deaths SMR
<1940 23 19.7 117 33 245 2.24"
1949 22 11.4 1.93* 7 9.0 0.78
1-1963 Tt 83 1.33 2 3.4 - . .(0.58).

* Statistucally significant at & = (.05,

* Expected deaths were calculated by multiplying cause-specific death rates for white men in the United
States by person-years at risk in the study group with appropriate adjustments for age and calendar period.

+ SMR, standardized mortality ratio,

TABLE 4

Lung cancer and nonmalignant respiratory disease martality, 1940-1980, among white male pottery
workers by exposure category

Lung cancer

Nonmalignant respiratory disease

Person-
L eposure category
ot Opened Epmel oum Opnst g swn
Nu silica. no tale 2,452 1 1.6 (0.61) 1 18 {0.55)
Low siljca. no tale 16,665 7 10.3 0.68 9 11.2 0.81
High silica 36,471 44 24.3 1.81° 54 23.9 2.26"
Notale 20,831 18 13.2 1.37 36 13.7 2.64*
Nonfibrous talc 12,369 21 83 254" 16 7.3 2.20*
Fibrous tale 3,27 5 29 1.74 2 3.0 (0.67)

* Statistically significant at a == 0.05.

¥ Total excludes 129 person-years for jobs that could not be classified because job title or department were

~-ing from the work record,

2 Fxpecred deaths were calculated by multiplying cause-specific death rates for white mea in the United
“tiles by person-years at tisk in the study group with appropriate adjustments for age and calendar period.

i SMR. standardized mortality ratio.
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sure to nonfibrous talc. All of the 21 lung
cancer cases exposed to nonfibrous tale had
worked as casters (expected = 7.7, stand-
ardized mortality ratio = 2.73, p < 0.05).
Among casters who presumably had no ex-
posure to tale, the number of observed lung
cancer deaths was slightly greater than ex-
pected but not statistically significant (ob-
served = 10, expected = 7.1, standardized
mortality ratic = 1.46). One of the lung
cancer deaths was attributed to the fibrous
talc category because the study subject had
worked as a maintenance man in the pro-
duction area prior to 1976 for three months,
but he was also exposed to nonfibrous tale
for five years as a caster. None of the lung
cancer deaths were attributed to malignant
mesothelioma. In fact, only one death cer-
tificate listed malignant mesothelioma
(without specification of site) as the under-

lying cause of death of the decedent. This

subject had worked as a maintenance me-
chanic and had never had a production job
while he was employed with the company.
Nonmalignant respiratory disease mor-
tality increased by duration of exposure to
silica and years since first silica exposure
(table 5). The duration of exposure analyses
were repeated by year of hire to determine
whether the results seen in table 3 were
confounded by the excess risk of nonmalig-
nant respiratory disease among long-term
employees. The magnitude of the standard-
ized mortality ratio decreased over calendar
time independent of the duration of expo-
sure to silica. Lung cancer mortality did not
increase by duration of exposure.
Mortality from lung cancer rose with in-
creasing duration of exposure to nonfibrous
talc (table 6). No lung cancer deaths oc-
curred in the first five years after exposure,
but mortality was significantly elevated
after a latent period of five years. Mortality
from nonmalignant respiratory disease was
not affected by duration of exposure to talc.

DiscussioN

Silicosis was one of the earliest recog-
nized occupationa) diseases and has been
well-documented among miners, stonecut-

ters, quarry workers, and other groups oc-
cupationally exposed to silica (14). Our co-
hort mortality study of workers in the
production of ceramic plumbing fixtures
indicated more than a twofold excess risk
of nonmalignant respiratory disease among

employees who had a job with high expo- -

sure to silica. The magnitude of the stand-
ardized mortality ratio increased both with
duration of exposure to silica and with the
length-of time since first exposure. These
findings are consistent with other studies
of workers in the pottery industry and with
studies linking nonmalignant respiratory
disease risk with exposure to silica dust {1,
2, 4, 7, 14, 15). Risk of nonmalignant res-
piratory disease decreased over the calen-
dar period independent of the duration of
exposure, suggesting that efforts to control
dust leveis in these plants may have been

successful in reducing the risk of nonmalig-

nant respiratory disease.

Tuberculosis has often been diagnosed
among workers exposed to silica dust as a
complication of silicosis (15). It is thought
that dust deposits in the lungs prevent de-
fense mechanisms from stopping the
growth of the tubercle bacteria, thereby
making silicotics more susceptible than the
population in general to the disease (15).
Previous studies of workers in the pottery
industry showed an elevated risk of tuber-
culosis (1, 3, 7, 16). In contrast, our study
of workers in the ceramic plumbing fixtures
industry showed a significant deficit of
deaths from tuberculosis. Even among per-
sons hired prior to 1940, there were fewer
deaths from tuberculosis than were ex-
pected (standardized mortality ratio =
0.53).

The significant deficits of deaths due to
infectious disease, digestive disease, vio-
lence, and “other causes” seen among pot-
tery workers might be due at least in part
to the “healthy worker effect,” a phenom-
enon which causes the mortality experience
of an employed population to appear more
favorable than the population in general
{17). General population mortality rates in-
clude deaths that cecur among persons who
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never enter the work force or who leave
early due to illness. This effect usually di-
minishes with age (17), and our data indi-
cated that the deficits in total mortality
occurred before the attained age of 60 years
(observed deaths = 194, standardized mor-
tality ratio = 0.72), while subjects who
reached the age of 60 years had an overall
mortality experience that was similar to
that of the general population {observed
deaths = 384, standardized mortality ratio
=1.04). There might also be other life-style
differences between the study group and
the general population that could affect
mortality patterns (e.g., socioeconomic sta-
tus, dietary habits, etc.). -

Investigators have recently suggested
that there is a relation between exposure to
silica dust and excess lung cancer risk (5,
6). The excess mortality from lung cancer

in our study occurred primarily among

" casters who had simultaneous occupational
exposure to nonfibrous tale and silica; thus,
the roles of the two agents cannot be en-
tirely separated. If lung cancer and non-
malignant respiratory disease had a com-
mon causal factor, such as silica, both
diseases might be expected to exhibit the
same patterns; however, this did not oceur.
The risk of nonmalignant respiratory dis-
ease decreased over calendar time and may
represent a reduction in exposure to silica,
but a corresponding decrease in Jung cancer
was not seen. On the contrary, excess lung
cancer risk occurred only among men hired
after 1940. Nonmalignant respiratory dis-
ease was elevated among persons with ex-
posure to high levels of silica dust regard-
less of nonfibrous talc exposure, while lung
cancer was significantly elevated only
among those who were simultaneously ex-
posed to nonfibrous tale and silica. Risk of
lung cancer increased with increasing du-
ration of exposure to nonfibrous talc, but
not with duration of silica exposure. The
opposite effect was seen for nonmalignant
respiratory disease risk. All of the workers
exposed to nonfibrous talc who died from
lung cancer had worked as casters and had
had the greatest opportunity for exposure.

Studies of steatite talc miners have also
shown elevated risk of lung cancer (18-20),
and the ralc in two of the studies was known
to contain no asbestos and very little quartz
{19-21).

We had no information on smoking pat-
terns in the cohort of pottery workers with
which to examine possible confounding for
lung cancer due to tobacco use; however,
other smoking-related causes of death such
as heart disease (observed deaths = 231,
standardized meortality ratio = 1.04), can-
cers of the pancreas, kidney, and bladder
(observed deaths = 13, standardized mor-
tality ratio = 0.96), and emphysema (ob-
served deaths = 7, standardized mortality
ratio = 0.82) were not excessive. Further-
more, there were no emphysema deaths
among casters who had exposure to nonfi-
brous talc; therefore, it is unlikely that our
occupational category due to smoking be-
havior.

In summary, our findings support the
well-established association between silica
dust exposure and nonmalignant respira-
tory disease risk but not tuberculosis risk.
Findings suggest that there has been a de-
creasing risk of nonmalignant respiratory
disease over calendar time in these plants,
probably due to better dust control. The
evidence suggests that exposure to nonfi-
brous tale is related to excess lung cancer
risk; however, the role of silica as a cofactor
or & promoting agent cannot be ruled out.
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A General Mortality Study of
Production Workers in the Paint
and Coatings Manufacturing

Industry

A Preliminary Report

Robert W. Morgan, M.D., S.M.Hyg.; Samuel D. Kaplan, M.D;

and William R. Gaffey, Ph.D.

Information has been obtained on a cohort of 16,243
men employed for at least one year in the manufacture of
paint or varnish after January 1, 1946, and for seven sub-
groups on the basis of exposure. These workers experi-
enced a level of mortality that compares favorably with
that of the LS. white male population. The workers’ pat-
tern of monrtality differed somewhat from the U.S. pattern,
with considerably reduced mortality from psychiatric,
metabolic, respiratory, and violent causes. There was an in-
creased mortality due to bowel and rectal cancer. While
the numbers are smaller, there are also increased rates for
fiver and skin cancer. Lung cancer rates, while not in excess
of the national average, did not match the low mortality
from nonmalignant, noninfectious respiratory disease. The
authors have concluded that work in this industry presents
no major health hazard,

This study arose out of the concern of the National
Paint and Coatings Association (NPCA) and its member
companies for the health of workers employed in the
manufacture of paint and coatings. At the time the study
was initiated, little was known about the long-term health
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International to the National Paint and Coatings Association.

effects (if any) of this work. Also, unlike many industries
where there are large numbers of workers in a single
plant, the paint and coatings industry is characterized by
a large number of small- to medium-size manufacturing
plants, with the possibility that a real health hazard could
exist and go undetected, because of small numbers of
cases at any one site. Both considerations entered into the
design and conduct of the study.

Given the nature of the industry, it was necessary to
use a large number of plants for the study sample. In
early 1976, SRI conducted a pilot study that involved mail
inquiries to 18 of the largest manufacturing companies
represented by NPCA, followed by two-day visits to six of
the larger facilities. This pilot study showed that a full-
scale cohort study was feasible.

The major objective of the cohort study was to be able
to identify a doubling of the cause-specific mortality
from diseases as rare as cancer of the pancreas among
production workers in the paint and coatings industry ex-
posed to substances and processes commonly used in
that industry. Another objective of the study was to com-
pare the numbers of observed and expected cause-
specific deaths among various subgroups of the study
population.

Materials and Methods :

Since most occupational diseases affecting risk of
death typically occur only after a long latent period, it
was important to select a population in which there were
persons whose exposure had begun Jong enough ago to
permit assessment of risk. At the same time, it was impor-
tant to select a population whose range of exposures was
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Tabls 1. ~ Subgroups Defined by Exposure.

Group Description

1  Total cohort

2 Atleast one year of exposure to pigments

3 At least one year of exposure to solvents,
excluding lacquer

At least ong year of exposure to lacquer

At least ons year in vehicle production

Groups 3, 4, and 5 together

At least one year in tub and tank cleaning

Al least one year as a varnish cooker

O~ O

reasonably representative of the entire industry. Because
of the disruption of employment practices occurring dur-
ing World War 11, the start date for the study’s cohorts
was set at January 1, 1946. Also, since women represent
such a smali percentage of the work force in this industry,
it was decided to limit the study to men.

The eligible population was defined as men who had (1)
worked in the manufacture of paint or varnish for at least
one year, (2) who had terminated their employment at
some date after January 1, 1946, and (3) who had been
employed in facilities that used processes typically found
in paint and coatings manufacturing plants and that re-
tained personnel records for terminated, retired, and
deceased workers for at least 15 years. Such plants were
identified from the questionnaires obtained during the
pilot study. Forty-seven eligible plants were so identified,
and for each of these plants, the estimated yield of eligi-
ble study population members was calculated.

To minimize the time and expense of traveling to
plants, worker groups were entered into the study by
plant, in order of diminishing size. Because larger plants
were thereby overrepresented in the study population
and, in addition, because the plants had been selected on
the basis of age and record-retention policy, a random
sample of 20 other general-product plants was selected
from those NPCA plants not affiliated with the 20 to 30
largest companies in the industry. Walk-through surveys
were carried out in each of these plants by industrial
hygienists to verify that products and exposures found
there were similar to those within the plants studied that
had been selected previously for study. The industrial
hygienists’ judgment was that processes and exposures
did not differ between the plants of different sizes.

The industrial hygienists then visited each plant used
for data collection, obtained data on products and pro-
cesses, and classified each job at the plants (present and
past job titles) according to an exposure code developed
by SRI in consultation with NPCA. Research assistants

_microfilmed the work records of present and past

workers, together with whatever personnel documents
were required to ascertain date of birth and social securi
ty number. Workers known to the plant to have died were
identified and death certificates were obtained if they
were available.

One of the study plants closed between the time that it
was identified and the time a visit was planned. Records
for that plant were retrieved and copied at the company
headquarters, and the industrial hygiene information was

Table 2. — Vital Status and FoRow-Up Rate by Plant.

Piant No. Alive Dead Unknown Total % Fatlowed
1 522 67 B 505 99.0
2 286 47 28 361 922
3 2,337 571 246 3,164 92.2
4 122 18 13 154 .6
5 388 91 6 485 98.8
6 415 99 61 575 89.4
7 206 38 20 264 92.4
8 500 55 44 509 927
9 454 137 74 665 88.9

10 378 18 8 404 98.0
1 117 16 2 135 98.5
12 282 55 5 342 98.5
13 266 40 41 347 88.2
14 266 9 19 294 93.5
15 118 5 2 125 98.4
16 642 333 19 994 98.1
17 809 313 61 1,183 94.8
18 394 38 1 483 99.8
19 156 28 2 187 98.9
20 264 53 5 322 98.4
21 185 10 37 232 84.1
22 570 145 101 816 87.6
23 102 13 7 122 94.3
24 109 23 4 136 971
25 72 2 2 76 97.4
26 290 8 0 299 100.0
27 218 20 12 249 95.2
28 534 132 64 730 91.2
29 340 12 6 358 93.3
30 286 20 23 329 93.0
K] 475 138 29 642 95.5
32 484 54 37 575 93.6
Total 12,588 2,670 985 16,243 93.9
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Tabia 3. — Percent Distribution by Year of Hire for Those
with Viial Status Known and Unknown,

Table 4. — Percent Distribution by Year of Employment for
Those with Vital Status Known and Unknowa,

Vial Status Vital Status
Year of Hire Known Unknown Year of Employment Known Unknown
Before 1945 26.4 12,2 <5 s 70.4
1946-1954 26.3 331 5-9 18.2 17.8
1855-1964 19.1 243 10- 19 17.3 8.1
After 1964 28.2 30.4 20-29 16.3 2.3
Total 100.0 (15,258%) 100.0 (985*) 30 + 16.4 1.4
Total 100.0 {15,258*) 100.0 (985*)

*Number of men

reconstructed with the assistance of company personnel.
After 32 plants had been visited, data had been collected
on some 18,000 persons. Sampling of this group indicated
that an adequate sample of persons who had incurred ex-
posure in the course of employment had been-attained,
and data collection was therefore terminated.

Every job title that was found in the work histories of
the study population was classified according to the prod-
uct made and the basic function performed. There were
four basic products: water-based paints, solvent-based
paints, lacquer, and vehicle. Within each of the first three
product categories, there were five functions: pre-batch
assembler, mixer, tinter, filler, and tank and tub cleaner.
However, the pre-batch assembly function has the same

*Number of men

Table 5. — Number of Workers and Deceased Warkers,
by Exposure Group, Included in the
Modified Life Table Analysis.

Group Number Decoasad
1 15,951 2,633
2 3.612 651
3 4,731 744
4 2,932 485 j
5 1,725 302 :
[ 8,200 1,307
7 617 159
8 238 64

Tahle 6. — Observed Deaths and SMRs ~ Afl Workers.

Cause Deaths SMR
All causes 2633 86
Malignant neoplasms 517 100
Matlignant neoplasm of buccal cavity and pharynx i1 63
Malignant neoplasm of digestive organs and peritoneum 183 118
Malignant neoplasm of esophagus 13 106
Mallgnant neoplasm of stomach 33 101
Malignant neopiasm of large intestine, excepl rectum 65 138
Malignant neaplasm of reclum 26 139
Malignant neoplasm of biliary passages and liver 13 114
Malignant neoplasm ¢! pancreas 30 104
Malignant neoplasm of respiratory system 160 98
Malignant neoplasm of larynx 8 99
Malignant neoplasm of bronchus, trachea, and lung 150 98
Malignant neoplasm of prastate 29 84
Malignant neoplasm of testis 3 79
Malignant neoplasm of kidney 5 39
Malignant neoplasm of bladder and other urinary crgans 16 98
Malignant neoplasm of skin 12 126
Matignant neoplasm of brain and other parts of pervous system 10 165
Neoplasms of lymphatic and hematepoietic tissues L)) 97
Lymphosarcoma and reliculosarcoma 15 125
Hodgkin's disease 7 92
Leukemia and aleukemia 20 92
Other lymphapoietic cancer 9 83
Infective and parasitic diseases 26 60
Allergic, endocring system, metabolic, and nutritional diseases 35 68
Diseases of the blood and blood-forming organs 5 74
Mental, psychoneurotic, and personality disorders 5 37
Diseases ot the nervous system and sense organs 208 90
Vascular lesions affecting central nervous system 189 92
Diseases of the circulatory system 1160 91
Diseases of the respiratory system 121 81
Diseases of the digestive system 121 88
Diseases of the genito-urinary system 25 57
Symptoms, serility, and ill-defined conditions 15 51
Accidents, peisoning, and violence 151 52
Person-years 274 881
Unknown causes* 218
*Distributed according to known causes (see text)
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Table 7. — Observed Deaths and SMRs — Cohort 2 (Pigments).

Cause Doaths SMR
All causss 651 96
Malignant neaplasms 129 108
Malignant neoplasm of buccal cavity and pharynx 3 50
Malignant neoplasm of digestive organs and peritoneum 46 132
Malignant neoplasm of esophagus 4 139
Malignant neoplasm of stomach 9 125
Malignant neoplasm of large intestine, except ractum 11 104
Malignant neoplasm of rectum 6 144
Malignant neoplasm of billary passages and liver 7 273
Malignant neoplasm of pancreas 9 135
Malignant neoplasm of respiratory system 45 115
Malignant neopfasm of bronchus, trachea, and iung 43 117
Malignant necplasm of prostate 5 70
Malignant neoplasm of skin 3 140
Neoplasms of lymphatic and hematopoietic tissues 10 84
Infective and parasitic diseases 3 3
Allergic, endocrine system, metabolic, and nutritional diseases 7 61
Diseases of the nervous system and sense organs 50 105
Vascular lesions affecting central nervous system 47 i
Diseases of the Circulatory system 298 105
Chronic rheumatic hearl disease 8 112
Arteriosclerotic heart disease, including coronary disease 242 106
Diseases of the respiratory system 20 60
Diseases of the digestive system 37 17
Gastric and duodenal ulcer 5 99
Cirrhosis of liver 19 117
Diseases of the genlto-urinary system 5 55
Symploms, senilily, and ill-defined conditions 3 45
Accidents, poisoning, and violence 39 64
Person-years 58,135
Unknown causes* 53

*Distributed accarding te known causes (ses text)

type of exposure in all processes. In vehicle production,
there were four functions: reactor operator, varnish
cooker, filter press operator, and filler.

Several complications arose in this categorization pro-
cess. The first was that most plants made several prod-
ucts, either concurrently or sequentially, so that a given
job title did not reffect a unique product exposure. A sec-
ond complication was that in many plants more than one
basic function was combined in a single job title. Finally,
in a few plants, workers in paint production sometimes
spent time in other production activities carried out at the
same site. Additional categories were established to ac-
commodate the combinations of basic categories and of
paint and non-paint exposures at some plants. The fact
that most jobs involved multiple functions and multiple
products meant that it would be impossible to define a
subgroup of any size with pure expaosure to a single func-
tion or a single product.

For each plant every job in the job history of every
study group member was coded with the month and year
the job began and ended, and an exposure code number
for each job title was assigned by the industrial hygienist
who had visited the plant in question.* For persons whose
job exposure during their tenure as salaried employees
was unknown, the exposure was classified as unknown. In
most plants job titles were found in the work histories
which were not included in the lists of job titles from the
plants. In the event of such questions (as well as prob-
lems), plant personnel were contacted for further infor-

*A complete list of job codes will be provided upon request.

mation concerning the nature of exposure for a particular
job.

The closing date of the study was fixed at December
31, 1976, the end of the year before data collection
began. Although the starting date for cohort eligibility
was January, 1946, in the sense that no one who left em-
ployment before that date was included in the study, for
many plants the start date was actually later. If the period
for which complete records of past employees was kept
did not extend back beyond 1946, the “start”’ date for the
plant was the earliest year for which complete records
had been kept. If a plant began operations after the
beginning of 1946, the earliest start date for any em-
ployee in that plant was the earliest year for which com-
plete records were available. An individual from a given
plant came under observation (that is, was counted as
contributing person-years of risk) on the first anniversary
of his hire or on the start date for the plant, whichever
was more recent.

The cohort was divided into seven subgroups on the
basis of exposure. Since most jobs involved multiple ex-
posures, and since the workers generally moved among
jobs with different kinds of exposures, these groups over-
lap, with consequent difficulties in interpreted findings.
Table 1 identifies the groups analyzed.

In each of the subgroups, the individuals concerned
came under observation not on the first anniversary of
their hire dates, but on the date at which they had ac-
cumulated a year of exposure in one or more of the job
categories listed. This could well have been several years
after they had been hired, if they had moved in and out of

16 A General Mortality Study of Production Workers/Morgan, Kaplan, and Gatfey




jobs in a given group. All the job histories of all the
warkers were therefore scanned by computer, the appro-
priate calculations were made in each case, and the
resulting date used to determine when each person came
under observation with respect to a particular exposure
group.

The names and social security numbers of all those
workers whose vital status was unknown were submitted
to the Social Security Administration (SSA) for tracing.
The names of those whom the SSA could not find were
assembled into lists by plant, and returned to the plants
with a request for whatever information was known to

Tabla B. — Observed Deaths and SMRs — Cohort 3 (Sclvents Excluding Lacquer).

Cause Deaths SMR
Al causes 744 92
Malignant neoplasms 145 102
Mallgnant neoplasm of buccal cavity and pharynx 3 60
Malignant neoplasm of digestive organs and peritongum 56 131
Malignant neoplasm of esophagus 5 143
Malignant neoplasm of stomach g9 101
Malignant neeplasm of large intestine, except rectum 16 124
Malignant neopiasm of rectum 10 196
Malignant neoplasm of biliary passages and liver & 193
Malignant neoplasm of pancreas 10 123
Malignant neoplasm of respiratory system 53 112
Malignant neoplasm of bronchus, trachea, and lung 51 114
Malignant neoplasm of prostate 7 80
Malignant neoplasm of skin 4 148
Neeplasms of lymphatic and hematopoietic tissues 8 54
infective and parasitic dissases 10 88
Allergic, endocring system, metabolic, and nutritional diseases 8 57
Diseasss of the nervous system and sense organs 72 122
Vascular lesiens affecling central nervous systsm 66 126
Diseases of the circulatory system 333 96
Diseases of the respiratory system 25 62
Diseases of the digestive system 35 89
Diseases of the ganito-urinary system 7 61
Symptoms, senility, and ili-defined conditions 6 Al
Accidents, poisoning, ang violence 43 51
Person-years 74,211
Unknown causes* 44
*Distributed according to known causes {see text)
Table 8. — Observed Deaths and SMRs — Cohort 4 (Lacquer).
Cause Deaths SMR
All causes 485 90
Malignant neoplasms 9N 98
Malignant neoplasm of digestive organs and peritoneum kY| 115
Malignant neoplasm of stomach 7 127
Malignant neoplasm of large intestine, except rectum 8 a7
Malignant neoplasm of rectum 3 93
Malignant neoplasm of biliary passages and Jiver 5 255
Malignant neopiasm of pancreas 6 123
Malignant neoplasm of respiratory system 30 100
Maligrant neoplasm of bronchus, trachea, and lung 28 99
Neoplasms of lymphatic and hematopoietic tissues 13 140
Lymphosarcoma and reticulosarcoma 3 140
Hodgkin's disease 1 78
Leukemia and aleukemia 8 212
Other lymphatic cancer 1 50
infective and parasitic diseases 3 43
ANergic, endocrine system, metabalic, and nutritional diseases 8 89
Diseases of the blood and blood-forming organs 0 0
Diseases of the nervous system and sense organs 35 91
Diseases of the circulatory system 236 106
Chronic rheumatic heart diseass 7 131
Arteriosclerotic heart disease, including coronary dlsease 187 104
Diseases of the respiralory system 15 57
Diseases of the digestive system 17 70
Symptoms, senility, and ill-defined conditions 4 75
Accidents, poisoning, and violence 23 47
Person-ygars 46,415
Unknown causes® 42

*Distributed according to knewn causes (see 1ext)
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plant personnel.

For those identified as deceased, death certificates
were requested from the public health agencies of the
_states in which death was alleged to have occurred. When
there turned out to be no record of death in the identified
states, other states were queried (e.g, the state in which
the plant was located, or the adjacent states(s) if the plant
was near the state border). In all cases in which death cer-
tificates could not be found, at least two states were
queried.

Cause of death was coded by a trained nosologist.
Deaths occurring in 1967 or earlier were coded by the
Seventh Revision of the International Classification of
Diseases and Causes of Death. Those occurring after 1967
were coded according to the Eighth Revision. Observed
deaths by cause were compared with the expected deaths
that would have occurred in a similar population of U.S.
white males, using 2 modified life table program adapted
from the one described by Monson.' The computer pro-
gram used is designed to handle entries from both
Seventh and Eighth Revisions. Those men whose vital
status was unknown were included as “alive” in the
analysis and are mentioned later in this paper. In
calculating the ratio of observed to expected deaths for
specific causes, those deaths for which no certificates
were found were assumed to have the same distribution
by cause as those for which death certificates were
available.

Results

The vital status and follow-up rate for each plant are
shown in Table 2. Only one small plant (Plant 21) has less
than 85% follow-up (84.1%). Four other plants have fok
low-up rates of under 90% (but all four are over 85.5%)
while exactly half the plants have better than 95% fol-
low-up. The total eligible cohort consisted of 16,243 men,
of whom 2,670 were found to have died and 985 could
not be traced. (The overall follow-up rate is therefore just
under 94%.)

Table 3 shows the distribution by hire date for those of

known vital status and those lost to follow-up. The men
lost to follow-up seem to have been hired, on the
average, slightly more recently than those who were suc-
cessfully traced, the most striking find in the table being
the differences between the percentages in the vital
status categories of men who were hired before 1945 —
i.e, the much higher percentage of those successfully
traced.

Table 4 shows simifar distributions by duration of em-
ployment. Not surprisingly, those lost to follow-up had a
much shorter duration of employment, on the average,
than those whose vital status was known.

There were 274,881 person-years of cbservation, about
14% of which was at ages 60 or older. Death certificates
were obtained for all but 8.2% of the deaths. Race was
known only for deceased individuals (from the death cer-
tificates). Of the deaths that occurred, 86.33% were
whites, 8.80% were blacks, and 4.87% were other or un-
known race. Thus, it was considered appropriate to use
the white U.S. male mortality as the “expected” compari-
son group with the Monson Life Table Program. The
person-years figure and the subsequent analysis do not in-
clude information on 292 individuals (1.8% of the entire
cohort) who, because of missing information, could not
be included in the modified life table analysis (Tables 5 to
13).

Table 5 shows the cohort size and number of deaths in
each of the eight subgroups. Tables 6 through 13 summa-
rize the mortality experience of various cohorts. The over-
all standardized mortality ratio (SMR) of 86 is about what
might be expected as a result of the “healthy-worker ef-
fect,” which results from the selective employment of
men without disabling diseases or serious health prob-
lems.

One notes the excess mortality (Table 6) for cancer of
the colon and rectum, with SMRs of 138 and 139 respec-
tively, generated from 65 and 26 deaths. For these two
conditions, there is an excess of nearly 20 deaths in the
entire cohort over that expected which is statistically
significant (p < 0.05). There is an increase of liver cancer,

Table 10. — Dbserved Deaths and SMRs — Cohort 5 (Vehicle Production).

Cause Deaths SMR
All causes 302 85
Malignant neoplasms 60 98
Malignant neoplasm of digestive organs and peritoneum 18 99
Malignant neoplasm of large intestine, except rectum 8 145
Malignant neoplasm of rectum 3 138
Malignant neoplasm of biliary passages and liver 2 151
Malignant neoplasm of pancreas 4 17
Malignant neaplasm of respiratory system 20 102
Malignant neoplasm of bronchus, trachea, and lung 20 108
Neoptasms of lymphatic and hematopoietic tissues 5 82
Infective and parasitic diseases 3 63
Malignant neoplasm of skin 2 181
Diseases of the nervous system and sense organs 32 121
Vascular lesions affecting central nervous system K] 131
Diseases of the circulatory system 131 88
Diseases of the respiratory system 17 97
Diseases of the digestive system 1 68
Accidents, poisoning, and violence 15 49
Person-years 29,010
Unknown causes® 24

*Distributed according to known causes {s8s text)
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most markedly in cohorts 2 and 4 (SMRs of 273 and 255).
Although numbers are small (13 in total work force), the
increase in cohort 2 is statistically significant (p < 0.05).
Cancer of the skin has an SMR of 140, based on 12 deaths
for the total cohort, which is not a statistically significant
increase (p > 0.10), but the total number of deaths is too

small to permit a detailed analysis for specific cohorts.
For the entire cohort, the SMR for leukemia was only 92
but in cohort 4 the SMR was 212 generated from eight ob-
served deaths, although this was not statistically signif-
icant (p > 0.05). Although, for the entire cohort, vascular
lesions of the nervous system generate an SMR of only 92,

Table 11. — Observed Deaths and SMRs — Gohort 6 (3, 4, or 5).

Cause Deaths SMR
Alt causes 1307 84
Malignant neoplasms 257 100
Malignant neoplasm of buccat cavity and pharynx 5 58
Malignant neoplasm of digestive organs and peritoneum 89 118
Malignant neoplasm of esophagus 8 131
Malignant neoplasm eof stomach 13 83
Malignant neoplasm of large intestine, except rectum 28 122
Malignant neoplasm of rectum 13 144
Malignant neoplasm of biliary passages and liver 10 182
Malignant neoplasm of pancreas 17 119
Malignant neoplasm of respiratory system 86 104
Mallgnant neoplasm of bronchus, trachea, and lung 83 107
Malignant neoplasm of prostate 12 74
Malignant neaplasm of biadder and other urinary organs 6 77
Malignant neoplasm of skin 5 106
Matighant neoplasm of braln and other parts of nervous system 6 74
Neoplasms of lymphatic and hematopoietic tissues 24 93
Lymphosarcoma and reticulosarcama 6 100
Hadgkin's disease 5 135
Leukemia and aleukemia 1 104
Other lymphopoietic cancer 2 37
Infective and parasitic diseases 14 69
Allergic, endocrine system, metabolic, and nutritional diseases 15 60
Diseases of the blood and blood-forming organs 1 20
Diseases of the nervous syslem ang sense organs 116 108
Vascular lesians affecting central nervous system 108 102
Diseases of the circulatory system 580 94
Diseases of the respiratory system 55 76
Diseases of the digestive system 57 83
Diseases of the genito-urinary system 10 49
Symptoms, senility, and ill-defined conditions 8 94
Accidents, poisoning, and violence 72 51
Person-years 132,731
Unknown causes™ 102
*Distributed according to known causes (see text)
Table 12. — Observed Deaths and SMRs — Cohort 7 (Tub & Tank Cleaning).
Cause Deaths SMR
Ail causes 159 14
Malignant neoplasms 30 98
Malignant neoplasm of digestive organs and peritoneum 15 155
Malignant neoplasm of stomach 3 142
Malignant neopiasm of large intestine, except rectum 4 136
Malignant neoplasm of rectum 2 169
Malignant neapfasm of biliary passages and liver 1 138
Malignant neoplasm of pancreas 4 229
Matignant neoplasm of respiratory system 5 53
Intective and parasitic diseases 3 128
Diseases of the nervous system and sense organs 17 112
Vascular lesions atfecting central nervous system 17 121
Diseases of the circulatory system 71 a0
Diseases of the raspiratory system 4 42
Diseases of the digestive system 7 95
Symptoms, senility, and ili-defined conditions 3 186
Accidents, poisoning, and violence ] 34
Person-years 10,255
Unknown causes* 15

*Distributed according 10 known causes (see text)
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Table 13. — Observed Deaths and SMRs — Cohort 8 (Varnish Cooking).

Cause Deaths SMR
All causes 64 97
Malignant neoplasms 10 a5
Diseases of the nervous system and sense organs 5 100
Diseases of the circulatory system 29 108
Arteriosclerotic heart disease, including ceronary disease 25 117
Diseases of the respiratory system 4 128
Accidents, poisoning, and violence 4 84
Person-years 4,589
Unknown causes* 8

*Distributed according to known causes {see text}

there are some differences by cohort. Cohorts 2, 3, 5, and
7 have SMRs of 111, 126, 131, and 121.

Tables 7 through 13 detail the experience of specific ex-
posure cohorts. As mentioned earlier, most workers have
multiple exposures so they appear in more than one co-
hort. Differences in cohort experience are small, but are
examined further later in this paper.

Discussion

As already noted, those cohort members whose vital
status was unknown were treated in the modified life
table analysis as if they were alive, even though many
epidemiologists suspect that persons lost to follow-up
are, in effect, a different population than those who can
be found and so have different mortality patterns. How-
ever, since the group was examined intensively to find
any dead, the “unknowns” are likely to be alive. In any
case, preliminary analyses performed after removal of
unknowns gave results essentially identical to resuits re-
ported here in which the unknowns have been assumed to
be alive. Nevertheless, to the extent that deaths have
been missed in those lost to follow-up, the SMRs are
slightly underestimated.

At least one of the plants in the study had used each of
the following toxic materials: asbestos (as a filler)
chromium, lead, mercury and nickel compounds; silica;
talc; benzene; and arsenicals. For this reason, particular
attention was given to cancer of the respiratory, hemato-
paietic, and digestive systems; of the skin; diseases of the
blood and blood-forming organs; and of the nervous, res-
piratory, and genito-urinary system. No deaths from
mesothelioma were found.

Among cancers of the digestive system, the SMRs for
colon and rectal cancers and for liver cancer, as discussed
earlier, are noteworthy. There are over 9% observed
deaths for colon and rectal cancer combined for an ex-
cess of nearly 20 deaths over those expected, which is
statistically significant. In considering colon and rectal
cancer, a certain amount of misdiagnosis or misclassifica-
tion can blur the distinction between the two. However
since both are increased, the pattern may not be simply
one reflecting misclassification, although some of that er-
ror may occur coincidentally with an increase in one or
both of the diseases.

There is an excess of cancer of the liver, particularly in
cohorts 2 and 4, which for cohort 2 is statistically signifi-
cant. However, the numbers are small, and liver cancer is
notorious for problems of misdiagnosis. The pattern of
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deaths from lung cancer and deaths from other respirato-
ry disease should also be noted. Since cigarette smoking
is responsible for most deaths in both of these categories,
the difference in SMRs of 98 for lung cancer and only 81
for respiratory disease is noteworthy, although there may
be some worker selection. Within some cohorts (especial-
ly 2, 3, and 4) the difference in SMRs is even greater,
leading one to suspect that the work force may smoke
less than the national average, but have lung cancer rates
as high. Without smoking data, however, only speculation
can take place.

While the 12 deaths from skin cancer are too few to
permit a detailed analysis for specific cohorts, the SMR of
nearly 200 for cohort 5, while not statistically significant,
is of interest. There are two further points that suggest
that cancer of the skin merits further investigation. The
first is that although there is a proportion of the total
cohort who are black, rates for white males (as noted
previously) were used to generate expected numbers of
deaths in the cohort; hence, the expected deaths for skin
cancer are somewhat overestimated, and consequently,
the SMRs for skin cancer are underestimated. The second
point is that of the 12 deaths from skin cancer, 10 are
from malignant melanoma. While the life table program
does not calculate expected numbers of deaths for malig-
nant melanoma alone, the number of deaths from malig-
nant melanoma in white males in the United States be-
tween 1950 and 1969 (23,417) was approximately the
same as the deaths in white males in the United States
during the same period from other skin cancer (21,722).2
These two factors, in combination with the finding, are
compatible with an increased risk of death from malig-
nant melanoma in these workers. Given the notorious in-
accuracy in recording of skin cancer, especially cancers
other than melanoma, on death certificates, as well as the
other uncertainties previously discussed, further in-
vestigation of the skin cancers would be required before
any conclusions about their etiology could be drawn.

With the exception of cohort 4, no particular excess
risk of cancer of the hematopoietic and lymphatic system
is seen. In cohort 4, the SMR of 212 based on eight ob-
served deaths in a cohort with past exposure to benzene
raises serious concern and requires further investigation.

For diseases of the nervous system, vascular lesions
have SMRs which, as noted earlier, are somewhat ele-
vated, suggesting that there may be some effect of em-
ployment. An increased frequency of death from this
cause might be due, for instance, to an.environmental or




chemical exposure that raises blood pressure. The find-
ings are inconsistent, however, and the diagnosis is sub-
ject to considerable physician error.

It is planned to validate — from autopsy, biopsy, or
clinical data — all death certificates listing primary liver
cancer and skin cancer as the cause of death. Detailed
analyses of the existing data concerning bowel and rectal
cancer and the discrepancy between iung cancer and res-
piratory disease — including a closer look at exposure
categories, plant or geographic clustering, or both, and
the relationship of SMRs for these conditions in other
studies and situations — are also planned. Simultaneous-
ly, there will be an attempt to validate diagnoses of colon
and rectal cancer to confirm that both conditions are in
excess, rather than a case of only one affecting the other
through misclassification. Finally, there will be a detailed
investigation of leukemia in cohort 4 including a closer
look at plant or geographic clusters and an investigation

of exposure to known causes of feukemia such as ex-
posure (both occupational and non-occupational} to
ionizing radiation.

The authors conclude that there is no major mortality
risk imposed by working in the production of paints and
coatings, although certain diagnostic categories require
further investigation.

The authors gratefully acknowledge the advice, throughout this study, of
NPCA staff and experts from various member companies of the Assaciation.
They also appreciate the advice and camments given by Sir Richard Doll, Pro-
fessor Philip Enterline, and Professor Richard Monson.
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Steimmary

About 50 dusts were examined on their carcinogenicity in rats mainly after intraperi-
toneal injeetion and some after intratracheal instillation.- In the ip. test, very low dozes
hetween 0.05 and 0.5 mg asbestos led to tumour tncidences of about 20 to 8095, Polyvinyvl-
pyridine-N-oxide prolonged the tumour lateney after injeetion of actinolite. 60 mg atta-
pulgite from three sources with short fibre Jengths were not shown to be carcinngenic but an
attapuleite =ample with luneer fibres had a moderate effect. Relatively thick rock and
ceramic fibres (median - Lgm) induced twmonrs. but slag and wollastonite fibres did
not. probably because of theie better solubility, [ntratracheal instillations of @lass micrn-
fibres (20 20.5 mg) led to lung twmours in 5 of 34 rats (Qin eontrnl). The garcinogenie

poteney of an inorganiv fibre depends on its size and persisteney, and possibly also on other
properties, especially on the =urface.

Nivkel powder, nickel axide, nickel subsutlide and eadminm sulfide were ail found to
he carcinogenic in the two tests, Cadminm chloride and eadmium oxide could vnly be
administered in very low doses becise of their high acute toxieity. A high amount of magne-
tite (13 2 15 mg i.tr.) led to an unexpected lunr tumonr incidence of 69,

The i.p. test in rats proved to be very sensitive for detecting the careinogenic potency of
non-agute toxic natural and man-made mineral dusts as well az metal compounds, This

means that, if a high dose of one of these dusts does not induee tamoars in this test, no suspi-
vion of careinagenic poteney van be substantiated.

Introduction

" When in 1972/73 the first experimental results on the tumour-inducing offeet not only nf
ashestos hut alzo of other fibrous dusts were published, the results strongly supported the
uld hypothesis that the ebmeated shape of asbestos particles may be the canse of their
varcinogenicity (Nogpyaxy 148: Lixzaacrn and Weorer 1941 Seaxrox d Weexen
W72 Porr and Frigorieis 19720 Wiaxen et al, 1973), Morenver the question was raised
of & possible caveinogenic efect of neg-ashestos fibres in bumans, especially of wan-made
ntineral fibres, hevaase theie prodietion has risen steadily sinee the 1ifties. As a consequence.
epidemiologic stadiex o the man-made mineral Tibre ndustry were carried ont over the
past ten years, The results were reviewed recently by Sagacer (BIR6) and Down (1986), They
sapport the hypothesis that man-made nioeral Hhres — as present in the werkplace ati-

Dedieated to Deo X Brockiars on the ovcasion ot his st h bBivtlelay
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sphere of early slag wouljrock wool production — may have plaved a role in the causatinn
of lung cancer.

Up to now, in inhalation experiments with very fine man-made mineral fibres (glass
microfibres 100 and 104). no statistically significant tumour rates have been detected
(LE. BoUurraxt 1086: GorpstEiy 1984; McCoxxNELL et al. 1984; MuuLe et al. 1985 Swmrru
et al. 1986; WasxxRr etal. 1984a). The strong carcinegen. crocidolite, has similariv pro-
duced unly a low tumaour rate in inhalation experiments. Therefore, this test model cannnt
he considered as sensitive for carcinogenie fibres. The positive results with ¢hrysaotile were
.observed after expusure to higher fibre concentrations (Davis etal. 1978; Davis et al,
1986; McCox~ELL et al. 1984; WaexER et al, 1984a). Moreover it was demonstrated, that
after a period of two years the number of chrysotile fibres deposited in the rat lung can
increase more than tenfold by splitting (BeLiyaxx etal. 1986). However, this multiplication
cannot happen with erocidolite and vitreous fibres. Most carcinogenicity studies with mineral
fibres in laboratory animals were carried out by means of intrapleural or intraperitoneal ad-
ministration.” By these routes of application, a high number of fibres ean become active in
the serosal tissue which is obvieusly very susceptible to fibre-related carcinogenic stimu-
lation. This high sensitivity exists also in humans since the relation of lung carcinomas to
mesothelivmas in ashestos workers ameunts on average o about 3 to 1, although after
inhalation eontact of fibres with the thoracie or abdominal serosa should be much more diffi-
cult than with the bronchial epithelium.

The experimental results should lead to a generally valid definition of carcinogenic
fibres. This aim is not yet reached. On the one hand there is a general consensus that length,
diameter and bio-persistence represent the maost important criteria for the carcinogenie
potency of mineral fibres (StaxroN et al. I981: Waaxer [U86: Davis 1986: Porr 1987
On the other hand, the relationship between the degree of these three characteristics amd
the expected tumour incidence is not sufficiently known. There ix a continuous transition
from the non-carcinogenicity of fibres which are too sheet. too thick. or too soluble to the
maximum possible vareinouenic potency of fibres which have the “ideal™ size and are per-
sistent enpugh. However. it is an vpen question at which point the threshold is located be-
tween fibres which are ton <hort. too thick vr ton short-lived in the tissue and fibres which
are sufficiently long. thin and persistent regarding their carcinogenie poteney for hunins.
Furthermore, for regulations. we need net only the distinetion between carvinugenic and
uon-careinogenic fibres but also criteria fur a grading of carcinogenie potency.

For many years there has heen the theory that the surface properties of fibres are the
devisive agents for the tumour induction (Braxox and Javraxp 1983: Bovxear ctal

t9R6a. b: CRALLEY 1971: CraLiey and Loaixiart 1973: Desvieax 1984; Frsuer etal, =

1985: LavGer and Noras 1983: Mossstax 1983). This theors is mainly based on the results
of 70 cilro testing where altered dust surfaces were seen to influence certain vytotoxie effects.
But there are significant differences hetween a evtotaxic reaction /v edro and tumonr
induction i rive. Often. vood parallels were Tound between results from careinogenieity
it and some o vitre tests (Davis etal, 1985). Nevertheless, up tu now s rifro tests
have not been able to provide reliable statements en fibre carvinogenivity (WaGxeR et al,
LIRS,

iecent resuits after combined injeetion ol asbestox and the antisiticotic effective sub-
stanee palyvinylpyridine-N-oxide fulivate that the surface properties of ashestos fibres
might nut ealy be important for its extotoxicity fn sibro hut also for its carcinngenivity
LPorr et al, 1985),

Sinee the carcinmzenie poteney of fibres is composed of, at least. their fength, dianerer

and durability. and as the spectram of tibre dimenzions in a sinele sanple is wide ranaing,
is very difficulr to expla a particular twmour rite using only wne spevific patiumeter, With
these glifficuttivs always it mind. we are going €0 deseribe a number of resuits whivh may
add sume pieces to the puzzle. The experiments were caried out over the last 15 yvears

vl undy sine of them have already heen published, althongh not with all the details
ow deseribed,
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A further question concerns the relation of the carcinogenic effect of fibres to chemijcally
varcinngenic substanees in the applied test svstems. For comparizon, a number of careino-
wenie, non-careinogenic aud questionable carcinogenic substances were tested on their
carcinogenicity after intraperitoneal injection and intratracheal instillation. Tn this context,
additional careinogenicity studies with seme nickel and cadminm compounds are desirable
hecause up to now there is 1o consensus wa their carcinogenie potential. OF course, numerons
repurts o nickel earcinogenesis have been published in varions reviews (IARC 1976; Raruee
and ScusiLER 1981 SexperyMax 1981 Suxperuax 1984). Nickel powder and nickel
oxide have heen known to be chemical carcinagens for a Jong time. But recently, following
a review of the epidemivlogic and experimental results. it was proposed to classify these
two sphstances as non-carcinogenic for humans and animals (LoxasTAarr et al. 1984). Cad-
minm iz alse suspected to be carcinagenie in the relevant compounds cadmium oxide and
cadmium sulfide. since inhalativn of relatively low concentrations of cadminm chloride
induced lung tumours in rats (TAKENAKA et al. [983).

To widen the basis of eomparizon, further dusts were included in the study e.g. corundum,
titanium dinxide, ferric oxides, polyvinylehloride. and wond dust,

Muteriods pard ,‘Ieil’{r;t].i

1. Laboratory animals and animal keeping

Tn most of the experiments female Wistar rars ( Wistar-W U RiBlezg) from the breeding
farm 8. Ivanovas ( KiBlegs, Alledu, FLR.G) were uxed-and only in experiments no, 10 and
12 Sprague-Dawlex:SIV 50 rats from the same breeding faem. Before each experintent
the animals were randomly allocated to plastic cages vn wond granole bedding (-~ T-zrobh™,
Buntenbach, Solingen. IFLR.GO. and aumbered mostly 8—10 tn @ vage at the start. As
male rats «row much bigeer than female rats il peed more space, i only ane experiment
(o, ) male rats were also used.

The animals were maintained under conventional conditions and these condd be im-
proved in the Jate 70ies. A standard pelleted laboratory diet (RMH-TM. Fa. Hope-Farms
Waerden: NL) and water were given ad Libdum.

" The weight of the animals was determined befure the start of the experiment and the
avergge awe of the groups was caleulated aceording to tables of the hreeding faom. The
average agze of the animals is wiven for eaclt experiment in the tables of resalts,

2, suhstances used

Same of the dusts or chemicals administered were hought from manufacturers or their
agencies and wsed in the comdition defivered. Many material=. especially the mau-made
mineral wools, were delivered front manufacturers or agencies or other presons and prepaced far
the animal experiments by cutting and milling. Sometimes the milled dust was fractionated
by sedineatation, This work and the meaxurement of the fibre sizes {meationed onlv as
inedian values in tables T and 30 was performed in several lahoratories, especially by br.
Jertaasy and Do Megne (Fraunhofer Institue fiir Toxikologie wnd Aerosolforschang,
Hannover, RGO, Dee Fraespeas ¢ Medizinisehes foscitar fiie Umwelthyvgiene an der
Upiversitit DitsseldorE, F0GO. D Rboeismagaer ¢Institut Tir Arbeirs- and Sozial-
wedizig der Universitat Gielien, FORUG) and Dr, Seerxy (Fraunholer Dnstitut fite -
weltchende wad Odietoxikologie, Selhmallenbers-Gratsehart, FR.Ga, The FHeC sunples
were deseribed by RExoani ¢E70) amd Trveken (1970
Aelinadile, FORLG. Origio: A diabas quarry near Schablenbers, FORG Preparation:
D Serryy fmethod see Sperxy et al, 1097 9a0 Measurement of fibre sizess Dr, Beenwasy
Dree M,

Netsyed i f qreewiting ). Orivin unkuawn: a small rock was abtained fron the Mineralien-
kontar Bann, FRGL Prepararion: D, Fricoens, The naerssenpivalle fibrous siraetare
was matinly desteaved by niliing inosn agate ball il A et of this sample Lo alremdy
bevn wsed inanother experiment (Porr et all 107,

=
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Aadhaphnllite, {71CC, — Ogwin: Finland.

Hapulgite, Cuceres. — Origin: Torrejon de Rubio Caceres. Spain. Prepacation of a very
fine fraction (reference No. 821) by fL. PEzrraT (Université P, et M. Curie, Paris, Francey.
Measurement of fibre sizes: RiipELSPERGER ot al, (1987),

Ltapulgite. Georgia, — Origin: Georgia, U.S.A. Delivered under the name “Pharmazorh
colloidal” frem Chemie-Mineralien Kt Bremen, F.R.G., and a product of Engelbard Mine-
rals & Chemicals Corporation, Edison, N, J., U.5.\. Measurement of fibre sizes: RUDELS-
PERGER et al. (1987).

Altapulgite, Lebrija. — Origin: Lebrija, Spain. Delivered with the label “*Pulvo fabriea”
frem Telsa 5.A., Madrid, Spain. According tn the analysis of RipELsPERGER et al. (1037)
the sample was identified as attapulgite with high probability. It was used in the condition
obtained. Measurement of fibre sizes: RODELsrERGER et al, (1US7).

Aitapulgite, Mermoiron. — Origin: Mornioiron, France, The sample used was the drug
“gastropulgite” whieh contains 837 attapulgite and is produced by Beaufour, Dreux,
TFrance. The fibre sizes measured came from a sample “Gastropulgite 5077 which is produced
under licence of Beautour by Schwabe. Kadsrahe, VPR Measurement of fibre sizes:
RinelsprrGeRr et al, (1H87),

Lugalt wool, — Producer: Gritnzweiy — Hartmann und Glasfaser AG. Ludwigshalen,
F.R.G. Preparation: Dr. Sreryy Gnethod see Seeryy et al. 1970y Measurement of {ibee
sizes: Dr. Benoyaxx, Dr. Moruwe,

Denzafajpyrenc. — Delivered from Fluka AG, Nen-Ulin, FoRAG, Code-No, 12730, Purity
A '

fruedey, MyfOH ), -— This mineral is the granular form of magnesiune hyvdeoxide ((bhrous
form: see nentalite), Preparation: Dr. FrRizprocns (Fricoricus (974

Caduinne ehloride {CACH - H 00 — Delivered from Merck, Darmstuie, FLR.Go Purige 99
Codwiir vaile, — Defivered feom Merck, Dapmstade. F.R.G, Parire ne indicated.

Cadatinne selfide, -— Delivered Trom Aldrich-Chemie Gmbil& Ce, Kt Steinhetin, I 1LG,
Parity BUYBY 0
eramie wool, Filerfrue., — Producer: Carborundun, Dis=eldorel, 1RG, Delivered foon

{{ecker Werke Gmbi & Coo K Welll FLRL.GL Preparation: D, Serpyy onethod see Seepyy
ot ab. 10790Y Measurement o fibre sizes: Dro Bereyvaxs Dre, Mo,

Ceramite wool. JAN. == Producer: Manville Corporition, Denver Coo U8, Delivered [eam
Gozsler, Hambure, FLR.G, Preparation: Dro Sevexsy, Measurement of fibre sices: e, Beon-
aaxy/ De Mo, L.
Chygeolile, Culidein, — Origin: Calitornia, U800 The materiat was prepared tor the produe-
tion of asbestos paper, The sample used was ohtained from De. Rosock, Ashest-lnstitut,
Newls IR Measurement of {hre sizes: Monng eral, Bass,

Chegsolile, {0 L = Origin: Zimbabwe ¢ormerly Bhodesiio, Measueenent of fibre
sizest Frocuuens (1978),

Cligsotite, U ECC! L TCErended. -2 The standard sample was bailed o LN TICL for S I,
The wwenesinm eontent prabably was leached alinost esmmpletely, The fnss ot weight amount-
e to 4600 The Tibees were shortened and partially =plit wp.

Chrsgsol e, TLCT 1 wdlled, . The sGondard saaeple was dey milled inoan agate hall il
Gor 4 b Meastenent of Libre sizes: Fricmdiens (197850 0 paat of this sample was ased
i farger dheses e otaer experients cPoee et ol (9720 1970,

tfee B - apigin: Copada, Measurement of partiche sizest Toaegeoe 19500 (1 has to be
winderhied that the results ul measuresnent of the twisted chirvsodgle Bbees are rathee duabtal,
Foxtensive trestiment with pltzcsonmd honnesenizes the suspension amb ehanges the s
mther by <plitting of the oundles.,

Chergendide, 11O dted . The stamlard siemple was ey witled inoan agate ball noll
for 5.0 b Messwreatent of Gilhee <sizes: Des Broesaxy b Mo,
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Carwnwdan. — The alnmintnm oxide dust was delivered from Masehinen- wnd Sebleifmittels
werke, Offenbach, LR

Crocidolite, Soulh Afriea, — Origin: Seuth Mrica (ke CICC erocidolite but fihre lengths
areatert. Preparation: De. Rexvann, Johanneshurg, South Africa. Measurement of fibre
sizes: MURLE et al. 1986,

Erionite. Dregon. — Origin: Oregon, U.S A0 The dest sample was sipplivd by D, WaGNeR,
Medical Research Council Pacumseoniosis Unit. Perarth, Wales, U K. as representative
af the material used by him in hi= experiments (Waaxer et al. 1951 Measorement of fibre
sizes: Dr. RODELSPERGER.

Frionile, Turkey. -~ Origin: Karain, Turkev. .\ small rock of the fibrous material was sent
from Dr. Bagts, Ankara tn Dr. Seeaxy and prepared by Dr. Serexy. Measurement of
filre sizes: Dr. BELLMANN/Dr. Mcnce,

x-Ferrie oxide hipdrate. — The extremely short [ibrons material was obtained from a producer
of tapes. Estimation of the fibre sizes according to & miceophatograph with a magnification
nf 1::30,000.

s-Ferrie oride lapdrate (1), — The fibrous material was obtained from t producer of tapes.
Measurement ot fibre sizes: Dr. Muvure,

=-Ferrie 0rtde bydrate (7). — The fibrous waterial was obtained from a producer of tapes,
stimation of the fibre sizes aceordinge to a mierophotegeaph with a magnification of 130,000,

s fihres, 100 Pea. = Producer: Manville Corporation, Deaver, Co, U300 The dust
sample was supplied by Mr. Sxipxore, Medieal Researeh Conneil Paermoconiosis Unit,
Penarth, Wales, 1. K. as representarive of the material wsed in his animal experimengs
WaaneR et al 19340, Measurenment of fibre sizes: D, SPURNY.

(ilusg [rhres. L0004 & V. -— Producer: Manvilie Corporation. Delivered Tront Lehmann
& Voss, Hambure, FFOLG. After entting with scetszors, the {ibres were eroand in a Knife
mitl for 20 min. 1t is not kaown whether this sample has the same chemical enmpositien
as 100 Pen mentioned above, Meisureinent of fibre sizes: Dr. Sevnrsy,

{iaxs fibres, 10471974 — Producer: Manville Corporation, Deliveeed Trom Lelimann & Vosg
it 1974 (no further data). The chemical conmposition was analvzed with protorindeerd Nerav
emission by B, Bossersy und Dr, F-W, Rienrer, Usiversity of Marbura(publishedin Bewe-
MANX et al. {9861 thix analvsis vielded about the same composition as reported by Manville
Corporition for the glass fibre Tempztran E Glass Eleetrieal Atkalifree, After cutting with
seissors the woeol was eround in distilled water 30 an awate nill For 1 h (eharge 1 ar 21
teharge 2y and then dried at 80°C0 Measureinent of fibre sizes: Dr. Seraxy. These samples
were al=o used in other experimoents (Porre et al, T80, 1084a, 124D,

filass filwes, JRETGEA IO o NI -livated. — 500 me ol the filires (see abover were inenhiat-
ed i 20000 14N HCer 14 N NaGH Tor 2 ar 24 10 in aonagnetic stieeer at ranm tempera-
fure. Mter 10 min centrifuging at 1,200 g they were tiltered through Nueleopore filters
vpre diwmeter L Lgm). The sediment was washed twiee with 20 ml distilled water in vach
vitse, the residue filtered and the fihees dried at 800 fur 16 f. The ventrifuged particles
and the particles on the filter were then wetched, The foss in weighe 2 and 248 hoafter teeat-
ment with HCT anounted to 25 and 337, respectivelv, after treatment with Nat o
LT amd GX"5 and alter teeatment with distilled water to Ly, (Pore et all 19840, Meas-
nrement ol fibre sizes: Deo Serrsy.

Cibss fibees, AT, Prodieers Manville Corporation, Type: Tenpstran 475, Defivered
froen Lelimann & Voss. ANer catting with seissars, the wool wis grmund oo Kaale il
For 3 min, Measurement of filire sizes: Moo er all HRSG,

Cilass fibees. B0 A5 WO reated. - - The fibres mentioned efore were treated for 240h
with bob N HHCEas deseribed for wliass Tibres T4 1974 The boss tn weight amonnited to 0.5,
VPhe resistaties of Prempstran 475 b woel lareer oo that ol the glass filees 104 1974 e
o] sehuve,

Fap. Pathel 32000905 1005




tiluss fibees, [0 — Producer: Manvitle Corparation. Delivered from Schdeicher und Sehiill,
Daszel, UG Preparatimn and measurement ot fibre siges: Dr. Fragpricus, ‘The material
wis also wsed Tor other studies (Porr and Friepriens 1972; Porr et al. (9763,

Gluss filaments, EX G — The (endlessy textile fibre was deliversd from Gewetex, Diisseldord,
F.R.G. Preparation and measurement of Tibre <izes: Dr. Fricoriens, The variation in
fibre dinmeters was in a lmited range: (07, -2 330 07, < $2um. Length: 100, <
G, Y0, < Sdpm (Frizvricns 1978,

v

(fluss filaments. ES 5 wnd 7. — These (edlessy textile fibres were obtained from Klickner
& schott. Dortmund, F.R.G. Preparation and measurement of fibre sizes: Dr. Faieprieus.
In these =amples the dimmneter variations were in a limited range: 13 5: 107, < 4.8um,
W< B3pm: Ks T 10", < G8um, 90", < R1gm, Leagth Fsd: 10", < 24um,
B0¢, < 80pm: Es 72107, << 23 um, 907, < W2 m 1 Frizoguens 1978),

Glass (qranudar ). — Pieces of glass milled to a fine dust. Preparation: Dr. Frigpriens.

Kevinr (Trademark for aramide fibres). — Producer: E. L du Pont de Nemours and Uom-
pany. Newark, Delaware. U8 AL [t was not pussible to make a suzpeasion with separated
fibres from the flaky material, The =uspension of =ample (1) for experiment 13 was prepared
by nltrasonie treatment onlv, For sample (20 nsed in experinent 1D an attempt was made
to get Biner fihres and better suspensinn by drving, willing and nltrazonic treatment. This
diffiewdt preparation was carried out by Dr. Serpxy, However, the suspeision injected
was nat homogenenus like that of minerad Tibres.

Muynetite. — Delivered under the nanwe “Feeeozo Ferrie Oxide”™ from Research Oreanie
Inorganie Chemical Corparation. Bellville, N0 US040 and obtained from Dr. Oper-
pdirsTER. University of Rochester. No Y. The particles are very small and cannot be moeasnred
by light microscopy,

Newaliite, .V_u”[[._.. — Thiz mineral is the fibrous furm ot magnesiven hvdroside, [t was ohtain-
ed from the Mineratienkontor, Bonn, RGO Chmparity with chrysntite possiblesy Prepara-
tion and measurement of fibre sjizes: Dr. Frigoicus eFRigpriens [958,

Nirkel oride ¢ Nitd), — Dolivered from Aldrich-Chemie G H & Coo KG. Steighein, FOR.G,
Purity 99,04

Niekel powder, — Delivered from taes Metals Company., Missisanga, Untario. Canada to
Dr. Mence, Pority not indicaged,

Nivlel subsuifide (NigN,). = Delivered fram Ineo Metals Companyv. Missisawga, Ontario,
Canada. Purity net indicated,

Polypeoplene. — The librous dist was abtatned ready milled by Rhodige A, i-'r(-ihliln:f
im Breiscan, F.R.G. Measuremoent of fibre sizes: Dro Beeeyass Dro Me i,

Dol gringleidoride, — Peoduced by Chemisehe Werke JHilse Marl, FORLGL Partiele sizes
o0, < 200 Measurement: D Brosaxx. e, Mewne.

2 lolyrigdpyridinesNeopide (PUNO) o Produced by Bayver Moo Wpperral, FORAGL as
a 27, solution probably bedistilled water (Charee V50040 Cor silicosis researeh e the sixtivs,

Quarlz (12, - Origin: Diventrup, FARUGL The Geoamd Prodeet Noo 127 (i short: DY
with o size distribiution of -2 Gham was delivered from Piirentrup Sand- und Tunwerks
b ol Déivesitrap, N <2 Ao size raction wis prepared from this material by centritugal
separation in air (Ropock J9T0 The Tine dnst was ohtained Trom Steinkohlenherehan-
verein, Fssen, FOHLG, This quartz specimen bas often heen psed by German institutes in-
velved jn silicosis pesearch,

Rarle arood, Sweden. -« Pradieed in Sweden, Prepaced Tor animal inhalation <tidies ot the
Midical Beseareh Coseil Pnemnoennioan Uit Penarths Wales, UK (Wanser vial,
Posdy N sample was obtaned from Meo Snobvons One part wis ised g it dedivered Tormg,
Auuther was fractiohated by Dro Seerxy o obtaim a sample with finer fibres (method
Serrsy et alo 19790y Measurement of fihee sizes: Dro Seepxy.

134 Exp. Dathol 32010073
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Nlag wand. RIF. — Procduced by Rheinstahl. Gelsenkirehen, F.R.GL Preparation and measure-
ment of fibee sizes: Dr. Fricoweess (Frigoricis 1978).

Ntag wol. 21— Praduced by Zinunermano, Sprockbovel 2, F.R.GL Preparation and measure-

Cment of fibre sizes: Dr. Frigpricns (Frisovrocis (978).

Pitaian diaride. — Delivered jrom Degussa, Frankfurt, F.R.G. signed P25, The ervstal
form i= anatas,
Vedpanir nsh, St Helen's,-— Obtained from Dr, Raase, University of California, Davis,

Uadifornia, U780\,

Wallnetonite. — Origin: Indin. A dust =ample with relativeiy large particles signed D-1
was obtained from Osthofl-Petrasch KG. Hamburg, F.R.G. Preparation of a fine fraction
by Dr. Seeryy. Measurement of fibre sizes: Dr. BELiyMaxy/Dr, Munre,

Wond dust, fwech, — Signed *Buchenmell Grile 007, Delivered from “britder schulte”,
Ulshery, FLR.G. Commerciatly used fur bread baking, Particle sizes about 10—100gm.

3. Method ol administration

The dusts were dispersed in 0.9, NaCl solution with ultrasound. mozt of them for about
1—3 min. The intraperitoneat injections were given without anaesthesia, the intratracheal
institlatjons under CO, anaesthesia. The animals received 0.3 mi per Ltr. instillation and
westly 2 mi per i.p. injecdon. Only 0.8 or | mil was injected intraperitoneally in the very
vounr rits in experiments 7. L1 13, and in those uroups of experimient 15 which received
anly a very small amount of asbestos, I more thag vne @, injection was given, it was done
weekly, The 10 to 20 4.tr, fnstillations were also applied weekle, The Targe amounts of rela-
tively thick vliss filaments in experiments 4 and 3 weee inoewlated in 4 ml sadine by laparo-
towmia in nenthutal anacesthesia,

Polvvinvipyridine-N-oxide (PVNXO1 was applied fn experiments 13 {table 1) and 1)
ttabde 33 Three wronps received actinolite t.p, =uspended in Fml PYNO-solution (27, or
0471 Twa of these wrogps were nat further treated: one wroap was additinnafly Lp. in-
jreted foor times with b 27, PYNO-solution 40 80 120 and 16 months fater, The other
sronps in experiment 13, labelled “PVXO separately™, received | ml PV NG solation intra-
periteneally five times: one day befure the Lp. injection of ashestos and after 40 8012,
and 16 months,

1. Method of examination

The animals died =pontancousiy vr were killed when in s bad health condition. T zoime
experiments, the surviving anionds were sacrificed about 2.5 vears alter treatment. Poxt
mortent examimetion was made of the abdunninal cavity of rats injected intraperitoneatly,
["arts of tumers or organs with snspeeted tumour tissue weee fised in Tormalin (6°7,) Tor
histlogical exwmination, tn the weratracheal experiments the lunes and tracheas were
whellv fixed in foraidin Tor histological timonr evaluation. The munber of rats exanined
(listed in tables =41 ineledes all autopsicd rats and doex not ipelude those animals tost
throtizh vannibalizin or during anacsthesia. The percentage of dead ratz dues net comprise
rats lost during anaesthesia but it does inelude those Jost thronell cannibalizin,

Iresulls

Tahle | lists in chronnlogical order the results of 123 experioents using the intraperiton-
vid test M rats with sacesma, mesothetioma or carcinema ol the abdominal eavity were
ceunted as tnmonr-bearing rits, The most frequent didgnoses were saceonas as i previsas
exprriments (e ot ol W6 Seanever ot alo 19730 only a dew carcinomas were found
These tiree tineonr-tvpes could ot alwavs be dilferentiated with certainty histologically:
semietitnes two tunie-types oreaermd together, Stnee s 160 of the contrel groap lhowed
malivinant tnpears of the aterus, part of them with metastases, rats with malisuant nterine
tumours were pol conugfed as tuaour-bearing rats, Tloes it i possible that a tamonr wis
classitied s> 2 xpentianeaus nterine tunmenr even theael it was indoeed by the substance
sdmiisterel and vecprred aecidentadly afoneside with o mativoant neoplasim of the aterus,

Eap. Pathok 3201080 3 150
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nickel compounds to Fischer rats. Cadminm sulfide also induced Ineal sarcomas in rats
after Loon and e injection { Kagaxvzes and Haxaery 1YGG).

Al three nickel-containing dusts caused fune novours after intratracheal instillatinn
{table 4i. In relation to the doese. nickel subsulfide hadl the strongest effecr, nicket powder
a slightly smaller one while nickel nxide was cleardy the least elfoctive,

sSinee cadmium swifide ias a conziderably lower acute toxiciey than cadimiom chloride
and cadminm oxide it could be dosed much higher and. depending on the dose level, {ed
tn lung tumnars (table 41 The bighest dosp of 10 my cadmiwon in cadmiom suifide caused
varly death of some animals, The tuntour rate therefore appears te be foo low, Also, after
inhalation. cadmisom sulfide seems to induce Jung tumanrs iy rats {OLDIGES and GLASER
1486) but not in hamsters and mice ( Hursgeen ot al, 1986¢).

Most surprising was the high lung tumaooe rate of 6825 atter LD intratracheal instillations
of 13 me each of very fine granular magnetite. This raizes the question of whether an un-
specific reaction of the rat Jung to the large surtace of the particles led to the tumours, This
pussibifity’ ix diseussed for the inhalation of high enneentrations of TiO, (LEE et al. 1983),
But in enntrast to other ferric oxide:. magnetite could alzo have a chemically carcinngenic
effect.

5. Oler grander dusts

A= pon-carcinngenic control dusts we toak corunduim (experiments 6. 91 titanium  di-
oxide texperiments 9, WL L 130 1) lass powder (experinents 20 5 and voleanic ash rex-
periment 12). The tumour rates were herweer 0 and absut 107, Bestdes the above-mentioned
metal enmpounds quartz wax the only non-tibrous mineral dust which had a low tumour
inducing effect after i, injection of a ligher dose (40 g experiment 20 Hoceaxp et al.
(108G Pound lung tumones iz rats after inhalation of quartz dust, GroTa et al. (1086)
after intratracheal inztillation. and Wasxer and Brerry ¢ 1969 atter intraplewral administra-
tion.

Puolyvinviehloride (PYC) wax injected i a very hish doserd 100 g but the prefiminacy
rexuft (experiment 13) shows no clear careinewenic effeer, Sinee the density of PVC s Tow,
the animals received a high dust volume. In addition to o chemical varcinogenie effect,
fureign bodv-induced tumours could be expected trom the high mass which was deposited
in clumps (OreexHEIER et al, 1948: Braxy (986). The low tunwur_rare found after ip.
injection of high masses of granular dusts indicates that the varcinegenivity of fibres eannot
mexptaned Dy a sunple foretgn Tody elfect.

Beeel aod vak dusts are known to induce carcinomas i the rose in humans, In experi-
nent £H we tried o assess whether the Lp. test is sensitive for the quknown earcinoeenic
agent. The pretiminary results (table 3) do not reveal an existing sensitiviy,

{onelusions

‘The length and durability of fibres are of great signiticance Inr thelr carvinogenic potency.
Tt should be re-examined how Tar this also applies to the diameter beeause the etfeet of
relatively thick rock and cerienie fibres was unexpectediy strong. Purtier pussible explana-
tivns conld be surface propertios or an espectally strong carcinogenicity of very long fibres
(2>20am), which have been quite numernus in the samples used, 2\ seeand neasurement
uf several of the used fibre samples ix necessary for a better evaluation of the relation be-
tween fhre dimensivns and careinegenic effect, The available data of the fibre size distribu-
tions are not comparahle in all ciuses because measurenents were carried ot at dilferent
times using different nethods nd by different workine groups.

Tl fntraperiteneal testin rats ix visy feasible and is proved (o be vees sensitive for de-
teeting the carcinagenie effeet of darable natural and man-oade mineral fibres as wetl as
metal compowmds with bow aente toxicrry, Tlhis weans that, if a hizh dose of one of these
dusts does wot Gubitee tumoenurs o this test, o suspivian ol careiegeniv peteney worth
mentiaing vin be subztantiated, Maxhbe the present exantples are to fow to be certain

LIS Lixp. Pathol. 320188753
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s morigenic Effect of Fibrous Dusts in Experimental

knimals T B

by F. Pott, F. Huth,* and K. H. Friedrichs* ey

N

Fibrous dusts {chrysotile, glasa fibers, nemalite, palygorscite, and gypsum) and granuler .
dusts {aclinalite, biotite,” bematite, pectolite, sanidine, and talcum) were injected in- . ﬁ
eraperitoneatly into rats. The fibrous dusts {other than gypsum) resulted in a high incidence of . N L

oesotbelioma {30 — 87%). Gypsum produced anly 5% and graoular dusts none at all. It is

seggested that the fibrous shape leads to a high multiplication rate of cells and predisposes to

tuszor formation, Fibrosis, in the other hand, does not so predispose. Milled chrysotile with

.77 fibers than § pmin length ure carcinogenic in our experience, The carcinozenicity of glass
. fiders in our experiments may have significance for occupational situations,

- L]
-

{ R
The stastinyr point of our investigations was Table 1. Estimation of fiber length of fibrous dust by : ggg
_‘_'_ 2 zoeatnn whether the tumorigenic effect of Electron mi¢roscopy. - i
o Al ::i:cx;s-‘ d.epends‘ on physxcocnerplcal Dust Chemical Fiber length 4 r""
% =qeriios of the fiber or the shape of the fibers composition : f
= ste2 are characteristic for all kinds of : <2um,% <35pm,%
',- ::‘--_:m.’ Fur this purpose chemically different  Ergaviea Mg silicate . 73T 539
ot wrazs forms were c.ompared to chemically  Chrysotile (milled) Mgsilicate 97.4 99.3
A esmar dasts having different forms. ~Glass Na, Ca borosilicates 49.9 726
T . BypsumeapaaeriCasulfste [ G 65.0~55500
0 Juats Teslad ) Nemalite Mg hydroxide 91.5 5.4
' PRl ROTSEi o ey, i AL sificates 0 375 2522200 .
& L IR . . . . s D! -
3’ &5;*5 i anc_i 2 list the dusts tested in the %}'
A L:.=al experiments with respect to their Table 2. Estimation of particle size of grain dusts, ——
il composition, particle shape, fiber . by electron microscopy. -
Sal “"?"‘.:'1. e H H .
# ik 32d particle size. The fiber length and Dust Chermical Particle size f i
o1 “eCe size were estimated by evaluation of compasition — 1
a3 eweivon micrographs. ' <Eem, % <Sum, % '
,; Lroers Actinolite  Ca, My, Fe silicates a a b
X ~ermental Methods : Biotite K, Fe, Mg Alsilicates 865 96.3
W - . Hematite Ve oxide {precipitated) a a . i
. 3 b€ dusts were injected intraperitoneally in Hematite  Fe oxile (mineral) a 2 '
e Fas, We could not see any difference  Pentolite  Ca, Na silicates 862 934 ’
.;;'! [T+4vea the reaction of peritoneum and pleura. ,?.:;‘c‘d‘“e ‘&g '::|?::‘::t°’ 25’5 37'2 P~
e :-;.-'.’.uon. the injection did not essentially.dis- - Lo
% "= i general status of the animals, * 2 No particle size analysis possible. "_’
_ ﬂ.?::(- Res Institut fdr Lufthygiene und Silikosefor- i The l.)est pxperimental mct!md would be the
e . Miersildl Dasseldorf, Dasseldorf, Germany. inhalation of the dusts, but Lhis methad leads to ’:‘,‘*
. ’: . 4 g.
z Becembar I ‘ o
a mber 1974 . 313 P—
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" glass fibers induced only

enormous technical difficulties. The time re-
quired to produce tumeurs following injection of
dusts is alrcady long. This time would be
prolonged trcmcndously by an inhalation
method, since it takes months to et an effective

dose at the vulnerable cell structures. The * -

necessary concentration time of the dusts and
the time to produce the tumors.xﬁay even exceed
normal life span. - .
- The test dusts were suspended in saline solu-
tion at concentrations up to 25 mg/2 ml. For
higher dosages, the injections were repeated
once a week. The different test groups consisted
40 rats. Pure saline was injected in SO controt
animals. The rats were observed until spon-
taneous death or sacrifice. All tumors were
studied histologically.

Results

The UICC standa;rd asbestos as well as -

palygorscite, nemalite, and glass fibers induced
tumors in the abdominal cavity of 30—67% of
the rats. Several dusts chemically closely
related to chrysotile (like actinolite, biotite, pec-
tolite, talcum), but of granular or platy shape
with only a few fibers did not lead to the
development of tumors except for a few cases.
Calcium suifate (gvpsum) did show a fibrous
shape but dissolved in the animal tissue and in-
duced tumors only in 5% of the animals. Table 3
shows the tumor rate within the different ex-

. perimental groups. Histologically nearly all the

tumors were sarcomatous mesotheliomata.

In carrent.experiments the lowest effective
_ dosage of glass fibers was 2 mg/rat. The glass
" fibers were uncoated. The average diameter of
the glass fibers was about 0.5 ym. With this
dosage the first mesotheliomata occurred at 17
months. It seems of importance that 2 mg of
slight adhesions
around the liver lobes; 10 mg led to slight or
medium adhesions and fibrous alterations, es-
pecially around the liver and the stomach; 50 mg
of fiber dust induced tremendous adhesions on
all abdominal organs with strong fibrosis. The
fibrotic alterations generally could be differen-
tiated from the numerous tumors. With 100 my
glass fiber only 6.5 months were necessary for
tumor induction in the first rat,

Kctivity of Fibers within the Tissues

We are confronted with the question: Why do
special shapes of particles lead to formation of
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Table 3. Tumor rate after intraperitoneal injection of
fibrous nnd granular dusts.

Time required to

Dust Doses(i.p), produce first  Tumor rate,
mg tumor tn animals "
of proup, dayvs
Chrysutile A B 343 61.3 \
Chrysotile A 23 276 . 63
Chrysotile A 4% 25 270 7.5
Chrysotile A .
(milled) 4Xx235 400 n .
Glass fibers 4%25 197 575 .
Nemalite M3%4Fe 425 219 '
I:all. 5 ’: s S
Gypsum 4X25 546 s
Pectolite 4X23 569 25 ;
Sanidine 4X 20 743 - 25
. Taleum 4%X25 587 .25
. Actinolite 4X%25 - ) -
Biotite 4X25 —_ e -
Hematite T 4x%X25 - —
{precipitated) : o ;
Hematite 4X23 — - a
(mineral) . . S
NaCl(control) {x2ml - -—

tumors? We don’t have a complete answer, but
we now make the following speculation. Ammal
experiments and the histological investigation
showed formation of tumors in the mesothelium
in an overwhelming degree. Some authors ha\e
reported lung tumors folloumg ashesto
application. In"dilr experirients subc rtmr_'c-us
injection_of.chrysoiile A ineome-casconli- T tg
tumors-in.the-subetrtanecas e5rneTTTa™
space..tn 2dditions:the storare of fiber3 ¥ i
{vmphk -nodes=never -induced_ jumors—ef2the
lymphatic. svstem.-These-observations sucgest
Lthat tissues. have different vulnerabilizies s
fibrous _dusts... hpl»hl.i@l__i}ﬂd___(}pll,nqmmyu.\e
cells obyiously conflict-with fibrous dusts inan
intensive dear ce, this_inteasive.contact <an-be
well observed in Meell. cultures. Beck and Bruch,
(1] demonstrated by electron microscopy a par<
tial invagination of long asbestos and glass
fibers by fibroblasts (L-cells) of mice. Although
these cells can not phagocytose the {ibers com-
pletely thev remain dense around the forecizn
bodies. Such a relation between fiber and ceollg
could support a chronically enhanced reprocucs
tion of ceils within quickly lcuencratmgi
epithelial and mesothelial cells. For decades it
has been known that in epithelial orpgans like the
liver and the respiratory tract chronically
enhanced regeneration can change to abnormal
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4 ‘d finally the tumorous cell
RIS M . .
" ',",) ¢ witer for discussion the question of

wusees tke reported reaction of mesothelial
s #hrags particles could support the old
~ theapy iD CATCINDECNCSIS,

PR TR AR TR L . . LS

¢ oa.00, it us emphasize that the fibrosis in-
ed 3 the fibrous dusts cannot be regarded
", yizsting peint of the malignant degeneration.

{-x= coomd chrysotile A induced tumors in
¢ rats: those animals of this grroup

e

ve Fan
e gt e M a0 .
“ua fad without any tumor showed only slight

e an <+ adhesion.

' ¢ Protiems of Dose — Response Correlation

e carcinoyenesis depends qn the shape
eprece of 15 dusts. It would be ideal for animal
rzenments if the fibers were of identical
co=eter and of identical length within one
yyeemen. Then the dosage could be determined
s+ the amuount of fibers instead of weight. This
1as o fur boen impossible to achieve, however,
e guesting of minimal and maximal length
aad daameter of the fibers necessary for a car-
raagenic vfleet can still not be answered com-
oot I oontrast to Wagner, Berry, and Tim-
te.. . wv are inclined to believe that even
340t Shers less than 10 pm in length, can in-
i wtv tLmors, The milled chrysotile A contained
2. fua Thers exceeding 10 g in length, and
4« oithe fibers were shorter than 5 pm, We
wws 4ot helieve that the cancerogenic effect
22 e jimited to fibers with a diameter less
ax 5 um. Since 2 mg of fibers with a
saseter of 0.3 pm and a length of 20 pm in-
twend tumors in rats, 200 mg of fibers with a
sameler of 5 pm would have to be injected to
frach e sanie amount of fibers. We have not
+#4 determined whether such a dosage can be

Drccmbcr 1974
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survived by the animals long enough. We sup-
pose that the maxiinum diameter of an effective
fiher is limited by the length of the [iber that
still can induce damage to the membrane of a
cell. This size may range between 1 and 3 gm,

We believe that glass fibers are a better test
dust for further investizations than asbestos, as
glass fiberspecimens with nearly identical fiber
diamecters can be better obtained.

To reach a better relation of thé dosage and
the amount of fibers we have developed a
nomogram. Following measurement of suf-
ficient fibers diameters and lengths, the number
can be estimated by the nomogram.

Correlation of Exper/imental Results with Human
Morbidity -

Since glass fibers can induce tumeors like
those caused by asbestos fibers we would recom-

‘mend precaution for all industrial plants in

which there are high concentrations of fibers
measuring less than 3 um in diameter. To date,
no tumors have been found in workers of the
glass fiber industry, but, according to reports of
the industry, thinner glass fibers (less than 3
um in dizmeter} have only been in production
for the last 10 yvears in Germany. Since the time
of tumor manifestations is 20—40 years in
asbestos workers, there is no epidemiclogical
proof possible before 1985 that these experimen-
tal results apply to human morbidity.
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