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Silicosis among metal miners is an ancient disease, probably
as old as mining itself. However, the primitive forms of mining
were not productive of much silica dust, and the ghOrt life span
of slaves used in mining probably precluded the development of more
than a few sporadic cases of silicosis. Early diagnostic terms of
miners' asthma and miners' phthisis suggested an occupatiounal rela-
tionship and a tubércqlar component, but‘littlg attention was given
to-.:silicos'is until the turn of this century when epidemics of silico-
tuberculosis arose due to the preat expansion of the.miniﬁg industry
~in the-ﬁnited Ftates, especiall? silver and gold mining.

The expansion was accompanied by méthagiZation-and the intro-
duction of pneumatic tools, which generated increasing ammﬁhts of
fine silica dust, Mining communiticsfwerg crowded and hygiene was
poor. The tuhercle bacillus would prbbabl?'haﬁc flourished even
without the prcdisﬁOSitiOn of silicosis. As is so often thc case
in occupaticnal health, biostatistical analyses first called
attention to the problem, and environmental~-medical studies later
confirmed its existence, The bio-statistical analyses were
occupational mortality statistics éompilﬁd by the Prudential Life
Insurance Company in 1907, showing évidence of excessive mortality

from tuberculosis and relationship te dust exposﬂrc.l The
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environmental-medical studies were undertaken in 1913-15 in the lead
and zine wining industry in the Joplin,'Missouri,IMining District by
the Public Health Service and the Bureau of Mines;z This study
showed that two~thirds oflthe miners had silicosis and a high per-
centage of these had pulﬁonary~tuberculosis. Dust exposures were
masgive compared to preSént'day levels. Over the next two decades,
similar studies were made in the Butte, Montana, District,s the Tri-
State District of Oklahoma, Kansas, and-Missouri,a'and in Nevada,
and Qalifornia.s The~result§ confirmed that silicosis was wide-
spread and led to a Wational Silicosis Conference in 1936.6 This
Conference and its committee reports helped to define the ctiology
of gilicosis and its relationship to tuberculosis and teo recommend
medical and engineering control methods. The medical controls were
preemployment and perioedic chest ¥X-ray examinations. The eagineering
controls were wet drilling and ventilation. To monitor the effective-
ness of engincering controls, measurements of airborne dust wcre
necessary, -and the chest X-ray examination served as theé ultimate
test of dust control.

The definition of silicosis in the 1930's is still appiicable,

but the theory of pathogenesis hias changed. Silicosis was and is
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defined as a chronic dust disease of the lung caused by the
pulmonary retention of particulate silica in the free crystalline
state. The original “mechaniéal"'theorx of pathogencsis--that
silica acts because pf'hafdneSS and sharpness--has been discradited.
A later theory--that the action is by~chemicai'toxicit§;—is still
plausible, but the most recent theory involves an immunologic
mechanism.7 Pulmonary infection, either tubercular or non-specific,
is thought to play a role in the developmeﬁt of the complicated
form of silicssis!

Ry the end of the 1930's a large part of the metal ﬁiniﬁg
industry had instituted major dust control~§ractices. The ocaset
of World War II brought about a ¢ertain amount of'backslidinglin
the industry, and imposed major difficulties in the followup of ,
preventive practices and in'furtheripg rescarch and studieg on
silicostis in metal miners.

In 1954, the Public Health Service began a revaluation of
silicosis., A study of compensation and other records indicated that
during a 5-year period, 1950-54, 10,362 cases of silicosis hdd been
compensated or reported im 22 States from all indﬂstries.g 0f those

cases for which ideguate employment historices were available, about
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25% were accounted for by metal mining,

This revaluation gave rise to the 1958-61 Public Health Service-
Bureau of Mines study .of silicosis among metal miners, which waé the

last in-depth study of this problem in the Uniteéd States.lo

environmental phase was conducted by the Burcau ¢f Mines and included
67 urderground mines employing approximately 20,500 persons~-14,000
of whom worked underground and 6,500 in surface operations. At the
time of the study this group represented more than 50% of the working
pdpulation of underground metal mines in the United States., The
medical. study included employeces from 50 of the 67 metal mines.and a
large number of uranium mines. The mines included id the study rep=
resented virtually all metals minéd in commercially significanit
quantities and represented all principal mining methods.

0f the 14,000 miners examined, 3.4% had X-ray evidence of sili-
cosis and about one-third of these had the complicated form of the
discase, This was ih marked contrast with the prevalence revealed
by earlier studies. Silicosis in the 1958-61 study was usually
confined to .older miners with more than 15 years expériéncc, and
therd was no. evidence of silicosis in miners under 35 years of age,
Over one-half of all silicosis cases occurred among men who were

clasgified as face workers.
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The X-ray findings of typical silicosis showed a "snowstorm'
of shadows in the lung fields which contrasted with tha general ab-
sence of symptoms in the simple cases. The cardinal -symptom in early
silicosis was shortness of breath on excrtion. Late symptoms,
especially in the ecomplicated form of the discase included cough and
~ sputum, wheezing, and increasing breathlessness,

Pulmonary function tesfing,was often normal iﬁ thulcarly cases,
5ut as a group simple silicotics had wore dirway=ob$tructicn than
non-silicotics, and complicated silicotics had more than siﬁple,
Decremants in venilatory funection were alsb observed for age and
cigarette smoking.

In the 1958-61 Metal Mines Study, as in previous studies, dust

‘concentrations wefe also measured. Actual guantitative assegsment
of dustiness in mines dates back to 1916, when the Kotze Konimeter
was int;aduced,in South Africa, The Greenburg-Smith Impinger is

L yith both theése instruments,

almost as old, going back to 1922,
brief samples dre taken and microscopic counts are made of collected
&ust particles. The "standard” dust sampling instrument in thig

coumtiy has been the impinger, in either the origindl one cubic foot

: - 12
per minute (cfm) model or the 0,1 c¢fm midget impinger.
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The dust sampling teams in the 1958-61 Metal Mines ‘Study took
14,837 midget impinger dust samplcs.undcrground? froin which they
determined 789 weighted aveérage dust exposures., There was littie
past data on dustiness in these mines, and it was known that dusgi-
ness had been much~highcr'prior t£o institition of dust contrels in
the 1930's. Therefore, a relationship between dustiness and sili-
cosis was not atrempted, although the medical and environmental data
_were far more extensive than thosé from which current dust limits
were: developed, |

The silica dust limits in the United States come from & 1929
study in Barre, Vermont, granite cutting shéds.lg In that 1929 study
there were 220 dust counts, and 503 workers were given physical exam-
inations. In exposure Group A, in which dust concentrations averaged
60 million particles per cubic foot (mppcf), all of the workers had
at least early silicosis after-a yeérs exposure. In the "séfe”
CGtoup B, there was sne case of silicosis and two of early silicosis
in 12 workers examined. There were 20 dust cdéunts at Group D operations.
In the 1958-61 Mctal Mine Study, 87% of the 789 weighted average
exposures determined underground would have fallen in Group D in

the granite study; and only 4% in Groups A and B,
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It was the judgment of Bureau of Mines personnel investigating
environmental conditions in the 1958-61 study that fﬁe,almast 15,000
dust samples were insufficient to classify the mining population by
degree of dust exposure. More than 16 sawples were required to
determine each weightedlavérage'expésure. That amopnte& to one man~
day of dust sampling and omné man-day of dust COuntiﬁg for dc¢termination
of each man-day of miner dugt exposure. The expense and time involved
in cqnductiﬁg such an environmental study is one reason why the
silicosis studyn}h metal mines has not been repéated siﬁ;e 1951.
New, more efficient methods of determining weighted average dust
exposures were required. |

One way to increase efficiency of dust ;ampling is to take fower
samples, but have each sample include a full day of dust exposure.
In the 1950's several dévelopments qccurrea'whidh made such a sampling
method possible. The availability of rechargéable nickel-cadniium
batteries led to the development of compact battery-operated sampling
pumps which could be worn on the belt or carried in a p.ocket.l4
Dust collcetors were develeoped that would remove "large" dust from

the air in the same proportion as the protective areas of the liuman
i : [
respiratory tract (nose, trachea and larper bronchi) remove them.lJ

The fine dust passing one of thése collecting devicces would ‘represent
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respirable mass method of dust Sampling was adopted by the Bureau
of Mines as a standard method for coal mine dust sampling in 1970,
and sampling devices for ceoal mine dust sampling are now jointly
approved by the Bureau of Occupational Safety and Health and tﬁé
Bureaiu of Mings.

The rtoutine coal dust sampling method can be used oniy for dust
with less than 5 ﬁercant quartz. For the higher silica dust in metal
- mines,; the Iimit will dwsually be 1 ﬁg/mglpr less (too small for
routine weighings) and a quartz analysis of each samp1e~wﬁll be
necessary, Fortunately, reltatively rapid, séngitive methods of
quartz analysis have recently been developed, so that one man with
an X-tay diffraction apparatus may be able to determine as many as
15-20 weighted average quartz exposures per day. This comparés with
the one weighted average dust exposure per day which can be donz by
counting 16 impinger samples.

There thus exists the possibility of simpler, more freguent
monitoring of dustiness in metal mines. As far as we know, these
methods are not yct being used to any extent in the metal mines. Nor
do we know the extent to which mineés are being followed by adequate
medical examination progedures. To make appropriate recommendations,

we should have some idea of the current incidence of silicosis among
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metal miners.

Certainly, as already peinted out, Ehe silicosis problem is
rmuch less than it was 50 years ago, or even 30 years ago. Comparing
prevalence in miners with 10-19 years at metal mines thére was 13%
silicosis in 1939 and 4% in 1960. For those with 20 or more years
in metal mines the prevalence was 31% in 1939 and 18% in 1960. But
18% with silicosis is still more than we are willing to accept,
particularly when Qne of three face workers with more than 30 years
mining had silicosis in 1960. Much of this silicosis must have béen
due to the higher dust exposures prior to dust cdnttols,.bﬁt the
1958~61 investigators concluded that ¥,..in recent years silicosis
has been developing at a considerably sléwer pace than formerly,
but that cases were still occurring."

Other iﬂdicators.SuggeSt-that the situation as regar&a-silicosis
now ié'impreving.slowly, if at all., In Montana there were an average
of 624 silicosis cases being paid benefits in 1950-54; and an dverage
of 605 in 1963—67;19 although in the later perlod the number employed
in mining was only two-thirds that employed in the earlier period.

The proportion of Social Security'Disability awards for raapiré—
tory diseases in the metal mining étates is elevated. In 1966, for

those States (excluding Minnesota) in which more than 1% of the workers
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21 -
were in metal mining, the disability awards for respiratory_diseaséa
averaged 10.6% of all awar&s,'comparad'with 7.8% for the country as
a wholo.22 And the Social Security awards may only be the tip of
the icecberg, -for the élowgr development of silicosis in reccént vears
means that many--probably most--of the silicosis disabiiitias are
occurring past age 65, where Social Security disabiiity'awards are
not made,

A postponement of health.éffects until retirement is no longer
an acceptable objective. ~ The Occupational Safety and Health Act of
1970 direccts the Secretary of Héalthu'Education, and Welfars to
“develop criteria.,which will describefexpoéure lavels..at which
no employee will suffer impaired health or diminished life expectancy
as é result of his work experience." It also ditects "...studies
of theueffECt-of..ﬁexposure-tc industrial materials, prOCEBSes; and
stresses on the potential for $llness, disease, or loss of Functional
capacity in aging adults." The Federal Coal Mine Health and Safety
Act of 1969 likewise directed the Secrétiry of Health, Education,
and Welfare to "éstabligh...a level of persénal (dust) exposure
which will prevent new incidences of respiratory discase aand the
further development of such disease-in any person,'” Neither of these-

Acts applies to metal mining, but it is clear that the Congress believes
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that no preventable occupational digease should occur at any age.

We have deseribed the bagis for present standards for silica
dust. The margin of safety of these standards, or whether theré
18 a margin of safety; is not kmowr, For silicosis cases now
cccurring, it is not known whether the caées occeur because miners
were exposed for consideérable periods of'tiﬁe.above the limit, ox
whether the limit is inadequate in some rdspect,

The. general research authority given to the new National

x

Iﬁgtitute for Occupational Safety and Health, which comes into
existence on April 28, may be used to look into these apparently
continuing health problems of metal miners. Any such study would
‘be conducted only after consultation with the Burcau of Mines, the
Federal agency exercising statutory authority to prescribe standards
af fecting oceupational health in metal mines. Resurveys of the metal
miner health problems at S~yedr intervals were recommended in the
repoft on the 1958 to 1961 study, and a resurvey, even thouzh belated,
will undoubtedly be a high priority item for the new National
Institute,

With or without such a research study to examine the¢ health of
miners and the adequacy of existing dust limifs, it is the obligation

of metal mine operators to do all pessible to protect mincrs against
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silicosis, Appropriate dust control measﬁrés should.be taken to
reduce dust concentrationg. The concentrations existing.after dust
controls should be monitored by air,sampliﬁg; All operations should
be kept as much below:current,dust limits as available technology
will permit, Medical examingtion pfograms ineluding preplacement
and periodic chest X-rays should be continued or instituted at all
mines. Similar recommendations have béen made after'éﬁch'major
study of silicosis in theﬂmeégl mining industry, and are just as

applicable today.
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