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INTRODUCTION

Current standards for the control of asbestos exposures have
resulted from proven and serious health effects caused by
commercial asbestos, principally chrysotile, amosite and
crocidolite. There is more limited information from
asbestiform tremolite, actinolite, and anthophyllite. The latter
amphibole minerals are also commonly found in
nonasbestiform habits. It has become a matter of considerable
scientific, social, and economic importance to define precise-
ly which elongated and asbestos-like particles are hazardous
to health. Of particular interest is to determine whether or
not there is any need to regulate exposures to acicular par-
ticles, such as cleavage fragments of nonasbestiform
tremolite, actinolite, and anthophyllite as well as the
nonasbestiform varieties of other amphiboles. Particles of
these minerals found in the environment may meet the cur-
rently accepted 3:1 length-to-width (aspect) ratio used to
define fibers, but not be asbestiform. The mining popula-
tions to be discussed in this report supply information on the
health effects of such exposures.

Although not addressed in detail, important related questions
pertinent to the biologic effects of elongated particles are:
(1) What should be the minimal particle length subject to
control, i.e. should fibers shorter than 5 micrometers be in-
ciuded? (2) Since there is considerable doubt as to whether
particles with aspect-ratios below 1:10 or 20:1 are hazard-
ous, is it proper to use an aspect-ratio of 3:1? These impor-
tant questions are discussed in detail in mineralogic references
cited in the bibliography.5:6.17.24,33,38.9.41.42,43,

44,45,46

MINING POPULATIONS THAT WERE STUDIED

Four areas were identified where there have been health
studies of mining populations known to have been exposed
to nonasbestiform armphiboles. In each there had been con-
cern about the potential for asbestos-like effects. These were
(1) taconite mines in the eastern Mesabi Range in Minnesota;
(2) the Homestake gold mine in western South Dakota; (3)
the Sydvaranger iron mine in northern Norway; (4) iron
mines in southwestern Labrador.

MINNESOTA TACONITE OPERATIONS

Minnesota taconite mines came under active study after the
discovery in 1972 of asbestos-like particles in the water sup-
ply of Duluth.2327 These were attributed to the discharge

into Lake Superior of tailings from the Reserve mining opera-
tion located at the eastern end of the Mesabi Range. The min-
ing of taconite as a major source of iron had begun in this
area in the early 1950’s with pilot operations starting about
1947. The consensus of mineralogic and environmental
studjes?-3-13.32.35,36,39,.4045 jg that (a) ore bodies in the eastern
portion of the range contain amphiboles, principally cum-
mingtonite, grunerite, actinolite and hornblende; (b) there
are many cleavage fragments that meet the regulatory defini-
tion of fibers by having 3:1 aspect-ratios; and (c) asbestiform
particles are rare, although a smatl amount of asbestiform
ferroactinolite was found in one area.%!? Dust exposures in
some locations were sufficient to cause concern as to possi-
ble silicosis. Langer in 198122 summarized the major issue
in the Minnesota taconite mines as being *‘the biological ac-
tivity of acicular (needle-like) cleavage fragments of
grunerite...”

Clinical studies of Reserve miners and millers by Clark et
al.® and Higgins et al.!® showed no evidence of asbestos-like
effects, but there was radiographic evidence of possible early
silicosis. An analysis of mortality in 5,751 Reserve workers
who had been employed for one or more years in the period
1952-1976 showed 15 lung cancer deaths with 17.5 expected
for an SMR of 84.!° During the observation period 15 or
more years after hire, the SMR was 102, based on 8 deaths
from lung cancer.

Cooper et al.!! analyzed mortality in 3,444 taconite miners
and millers employed by the Erie Mining Company or by
U.S. Steel for 3 months or more between 1947 and 1958,
There were 801 deaths, with 41 due to respiratory tract
cancer, 61 % of the number expected using U.S. death rates
or 85% of expected using Minnesota rates. There were small
but not statistically significant excesses in deaths from kidney
and lymphatic cancers. There was one death from pleural
mesothelioma, which was not attributable to mine exposures,
since it occurred only 11 years after hire and there had been
probable pre-employment asbestos exposures.

One can conclude that there is no evidence of asbestos-related
disease associated with employment in the Reserve, Erie and
U.S. Steel iron mines in Minnesota, where there have been
opportunities for exposure to nonasbestiform amphiboles in
the taconite ore deposits.

HOMESTAKE GOLD MINE
In 1974 it was recognized that the ore body of the Homestake
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gold mine in western South Dakota contained cummingtonite-
grunerite similar to that which was of concemn in Minnesota.
Since Homestake mining operations had begun in 1876 and
past dust exposures had been relatively high, it was realized
that epidemiologic studies could yield valuable information.

There have been a number of mineralogic and environmen-
tal studies.!4.1229.30.3% There is peneral agreement that
cummingtonite-grunerite, tremolite-actinolite and hornblende
are present, that acicular fragments are common, and that
there are few if any asbestiform particles. Current exposures
to acicular fragments corresponding to 3 f/ml were reported,
with estimates of time-weighted average exposures to such
particles ranging from 0.25 to 1.72 per ml.#

There have been three published epidemiologic studies of
Homestake miners. The first, by Gillam et al. in 19764
reported 10 deaths from respiratory tract cancer with 2.7 ex-
pected as well as 8 deaths from non-malignant respiratory
disease with 3.2 expected. The authors attributed the latter
to asbestos. This study was seriously flawed, and later
analyses of mortality in larger cohorts have not confirmed
the authors’ conclusions. McDonald et al.?8 in 1,321
Homestake workers employed for 21 years or more found
no excess lung cancer deaths (17 with 16.5 expected) but
there were 37 deaths from pneumoconiosis and 39 deaths
from tuberculosis (SMR = 1,038, or over 10 times the
number expected). A single mesothelioma death was ob-
served, in a surface worker who during a relevant time period
(22 to 26 years before death) had worked in machine
maintenance with probable exposures to asbestos. In a more
recent study sponsored by NIOSH, Brown et al.4) similar-
lyfmndnocxcwshmgcancerdeaﬂmmapoplﬂanonoﬁ 328
underground Homestake miners (43 with 42 9 expected).
There were 53 deaths from nonmalignant discase
observed with 19 expected, due to a large number of deaths
from silicosis and silicotuberculosis.

In describing the exposures of workers in their study, Brown
et al.* stated that cummingtonite-grunerite, silica,
arsenopyrite, and radon were possible hazards. Their results
were consistent with the conclusion that silica was of major
importance. With respect to amphibole exposures, they stated
that the mean time-weighted-average exposures of all miners
to C-G particles longer than 5§ micrometers was 0.44 such
particles per cubic centimeter, based on a 1977 survey. Early
exposures had probably been greater.

One can conclude that despite dust exposures sufficient to
cause severe and often fatal silicosis, with concurrent ex-
posures to nonasbestiform amphiboles, there was no evidence
of excess deaths attributable to asbestos, i.e., lung cancer,
mesothelioma, or asbestosis.

SYDVARANGER IRON MINE

Iron mining began near Kirkenes in the northernmost coun-
ty of Norway in 1907. The ore body resembles that in Min-

nesota, containing cummmgtomte-gmneme actinolite, and
hornblende. These amphiboles occur in elongated fragments,

many of which are over 5 pm in length with aspect-ratios
as high as 11:1.1¢ Amphibole bodies have been found in the
lungs of deceased miners by Gylseth et al.!® There are no
reports to indicate that any of the elongated particles are
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asbestiform, nor is there any evidence to date to indicate
asbestos-related disease. Gylseth et al.'6 stated that an
analysis of deaths during the period 1949 through 1963
showed no excess lung cancers. Saugstad in 1980 studied
deaths from lung cancer in Finnmark County where the mine
is located. While the county had a higher lung cancer in-
cidence than Norway as a whole, this did not appear to be
related to working in or living near the iron mine. Data from
the Norwegian Cancer Registry have not shown any excess
mesothelioma deaths in the area.

LABRADOR IRON MINES

During the early 1970’s it was discovered that iron ore
deposits in the Wabush Range in southwestern Labrador con-
tained amphibole minerals, including cummingtonite-
grunerite. The two iron mines in the area, one operated by
the Iron Ore Company of Canada (IOCC) and the other by
the Erie Mining Company, had begun operations in 1962 and
1965 respectively. They had been alerted to dust hazards
because radiographic changes consistent with
pneumoconiosis had been found during surveillance pro-
grams required because of potential quartz exposures.
Because of concern that there might be asbestos-related
disease, a major study was started in 1979. Financed by in-
dustry, it was coordinated and supervised by the provincial
government and a distinguished scientific committee selected
by industry, government, and labor. The actual investiga-
tion, the Labrador West Study, was carried out by the
Labrador Institute of Northern Studies, based in the Univer-
sity of Newfoundland.

The results of the Labrador West Study were made available
in 1982.2! They confirmed the presence of cummingtonite-
grunerite and other amphiboles, but the concentrations of
fibrous particles (i.e. those with aspect-ratios 3:1 or more)
were relatively low and 98.5% were shorter than §
micrometers. Very few were considered to be asbestiform.
Lee and Fisher?S and Lee et al.26 reported more detailed
mineralogic findings in the Labrador mine which were in
essential agreement.

Medical studies”-13-2! have confirmed the presence of a
mixed-dust pneumoconiosis, presumably due to combined
exposures to iron oxides and silica. Although the original
detailed report?! contained a section which suggested that
there was evidence of pleural thickening in some of the chest
films, this was not mentioned in the published report of the
the radiographic findings.” Review of films reported as
positive for pneumoconiosis by Cooper and Sargent (personal
observation) showed no changes suggestive of asbestos
effects.

The Labrador populations have not been the subject of a
cohort mortality analysis. They are reaching a time period,
23 to 26 years after the start of operations, where meaningful
results might be obtained.

SUMMARY AND CONCLUSIONS

In four mining areas where exposures to elongated but
nonasbestiform amphibole particles have been confirmed,
there has been no evidence of asbestos-like effects. The
negative evidence is strongest in the Homestake gold mine,



because of the proven high dust exposures in the past as
shown by the high silicosis incidence, and the opportunity
for observation after long latency. The evidence is convinc-
ing in the Minnesota taconite miners. Although the exposures
were lower, the populations are large and there has been am-
ple time for latent disease to appear. The information from
the Sydvaranger iron mine and the Labrador mines is also
reassuring, but it would be of value to have historical-
prospective cohort studies of mortality to augment the ex-
isting negative evidence.

Cumulatively, these studies do not indicate that there is any
reason to control nonasbestiform amphiboles in a manner
comparable to that required for commercial asbestos.
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