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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 short life span 

of slaves used in mining probably precluded the developm,~nt of more 

than a few sp.oradic cases of silicosis. Early diagnostic terms of 

miners I asthma and miners I phthisis suggested an occupational rela­

tionship and a tubercular component, but little attention was given 

to silicosis until the turn of this century when epidemics of silica­

tuberculosis arose due to the great expansion of the mining industry 

in the United States, especially silver and gold mining. 

The expansion was accompanied by mechaniZation and the intro­

duction of pneumatic tools, which generated increasing amounts of 

fine silica dust. Mining communities were crowded and hygiene was 

poor. The tubercle bacillus would probably have flourished even 

without the predisposition of silicosis. As is so often the case 

in occupational health, biostatistical analyses first callt:d 

attention to the problem, and environmental-medical studies later 

confirmed its existence, The bio-statistical analyses were 

occupational mortality statistics compiled by the Prudent::iw.l Life 

Insurance Company in 1907, showing evidence of excessive mortality 

from tuberculosis and relationship to dust exposure. 1 The 
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environmental-medical studies were undertaken in 1913-15 in the lead 

and zinc mining incl.ustry in the Jopliri, Missouri, Mining District by 

2 
the Public Heal th Service and the Bureau of Mines. This study 

showed that ttro-thirds of the miners had silicosis and a high per-

centage of these had pulmonary tuberculosis. Dust exposures were 

massive compared to present day levels. Over the next two decades, 
,, 
.::i ' similar studies were made in the Butte', Montana, District, the Tri-

state District of Oldahoma, Kansas, and Missouri, 4 and in N0v:ada, 

s 
and California. The rc,sults confirmed that silicosis was wide-

spread ar .. d 1 ed to a Na tiona 1 Silicosis Confer.enc e in 1936. 6 This 

Conference and its committee reportB helped to define the etiology 

of silicosis and its relationship to tuberculosis an<l to recommend 

medical and engineering control methods. The medical controls were 

preemployment and periodic chest X-ray examinations. The engineering 

controls \s1er e t-iet dril 1i ng arid ventilation. To monitor the effective-. . 

ness of engineering controls, measurements of airborne dust were 

necessary., and the chest X-ray examination served as the ultimate 

test of dust control. 

The definition of silicosis in the 19:30 1 s is still applicable, 

but the theory of piithogcnesis has changed. Silicosis was and is 
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defined as a chronic dust disease of the lung caused by the 

pulmonary retention of particnlat12- silica in the free ctystalline 

state. The original 11mechanical 11 theory of pathogencsi:s--that 

silica acts because of hardness and sharpness--has been discredited. 

A later theory--that the action is by chemical toxicity--is s,till 

plausible, but the most recent theory involves an imrnunologic 

h . 7 mec an1.srn, Pulmonary infection, either tubercular or non-specific, 

is thought to play a role in the developm;:;:nt, of the c.omp1icat~d 

f f ·1 · • 8 orm o &1. 1.c.0s1.s. 

J3y the end of the 1930' s a large part of the metal mining 

industry had instituted major dust control practices. The onset 

of WOrld War II brought about a certain amount of bac.',csliding in 

the industry, and imposed major diffic.ul ties in the foUowup of 

preventive practices and in furthering research and studies on 

silicosis in metal miners. 

In 1954, the Public Health Service. began a revaluation of 

silicosis. A study of compensation and other records indicnted that 

during a 5-year period~ 1950-54, 10,362 cases of silicosis had bee:n 

compensated or reported in 22 States from all industries. 9 Of thos:e 

cases for which adequate employment histories were available, about 



-4--

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 was the 

1 • d th t d & h" bl • • h U ·t·d s· lO ast 1.n-' ep . s-u y a.: t is pro em in t c. • ni e . t.ates, The 

environmental phase was conducted by the Buroau of Mines a:nd included 

67 underground mines employing a1)proximat0ly 20,500 pcrson:;-·-14,000 

of whom worked underground and 6,500 in surface operations, At the 

tim0 of the study this group represented more than 50'X, of t~-1~ working 

population of underground metal mines in the United States. The 

medical stui:ly includei:1 employees from 50 of the 67 n1etal mines and a 

large number of uranitiin mines. The mines included iri the study rep" 

resented virtually all metals mined in commercially significant 

quantities and r epr esen t ed a 11 pri rtcip al mining methods, 

Of the 14,000 miners examined, 3.4% had X-ray evidence of sili­

cosis and about one-third of these hn<l the complicated fonn of the 

disease, This was in marked contrast with the prevalence. revealed 

by earlier studies. Silicosis in the 1958-61 study was usuo.lly 

confined to older miners with more than 15 years experience, and 

there was no evidence of silicosis in miners under 35 years of age. 

Over one-half Of all silicosis cases occurred among men who were 

classified as fate workct~. 
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The X.,-ray findings bf typical silicosis showed a 11 snowstorm.11 

of shadows in the lung fields t1hich contrasted with the. general ab­

sence of symptoms in the simple cases, The cardinal -symptom in early 

silicosis was shortness of breath on ex017tion. Li.rte symptoms, 

especially in th(• complicated form of the disease incl1.,1.dcd cough and 

sputum, wheezing,. and increasing breathlessness, 

Pt.ilmcinary function testing was often normal in the.! catly cases, 

but as a group simple sil:i.cotics had more airway obstruction than 

non- s il icotic s, and complicated s il icotic s had more tlnm simple. 

Decreraents in venilatory function l~ere also observed for age and 

c~garette sm6king, 

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

concentrations wete al·so measured. Actual quantitative assessment 

of dustiness in mines dates back to 1916, when the Kotze Konime.tCcr. 

was introduced in South Africa, The Greenburg-Smith Impinger is 

1 .. . . Id . • . .b . k t 1922 ll a mbst as o , going ac o ·. • With both these instrutlertts, 

brief samples are taken and microscopic counts are ma<le of collected 

dust particles. The 11 standa,rd" dust sainp ling instrument in this 

co.t.intty has been the impinger, in either the original one cubic foot 

per Tiiinut e (c fm) model or the O, 1 c fm midget- imp inger. 
12 
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Th~ dust sampling teams in the 1958-61 Metal Mines Study took 

14,837 midget impinger dust samples underground, from which they 

determined 789 weighted average dust exposures. There was little 

past data oi;i dustiness in these mines, and it was kno\-m that dusti­

ness had been much higher ptior to institution of dust controls in 

the 1930's. Therefore, a relationship between dustiness and sili'" 

cosis was not attempted, although the medical and environmental data 

were far more extensivf:': than those from which current dust limits 

were, developed. 

The silica dust limits in the United States come from a 1929 

13 
study in Barre 1 Vermont, granite cutting sheds. In that 1929 stu:dy 

there were 220 dust counts, and 503 wo:tkc:cs were given physical exam­

inations. In exposure Group A, in which dust concentrations averaged 

60 million particles per cubic foot (mppcf) i all of the workers had 

at least early silicosis after 4 years exposure. I.n the 11 safen 

Group D, there was one case of silicosis and two cif early s'ilicosis 

in 12 workers examined. There were 20 dust counts at Group D operations. 

In the 1958-61 Metal Mine Study, 87% of the 789 weigh~ed average 

exposures determined underground would have fallen in Gtpu:p D in 

the granite study; and only 4% in G·coups A and B .. 
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It was the judf,rrnent of Bureau of Mines personnel investigating 

environmental conditions in the 1958-6 l study that the almost 15,000 

dust samples were insufficient to classify the miriing population by 

degree of dust exposure:. More than 16 samples were required to 

determine each weighted average exposure. That amounted to one ma:n-

d&y of dust sampling and one man-day of dust counting £01: determination 

of each man-day of miner dust exposure. The expense and time involved 

in conducting such an environmental study is one rea:,on why the 

silicosis study in metal rriines has not been -repeated since 1961. 

Nci:w, more efficient methods of dete0rminir,g weighted average. dust 

exposures were required. 

One way to increase efficiency of dust sampling is to take fower 

sampl$S, but have each sample include a full day of dust e;-;:posurc.. 

Tn the 1950 1 s sever al developments occurred :which made such a s,:imp ling 

method possible. The availability of :rechargeable nickel-cadmium 

batteries led to the development of compact battery-operated. sampling 

pumps which could be worn on the belt or carried in a p.ocket. 14 

Dust collectors were developed that would remove 11 large 11 dust from 

the air in the same proportion as the prot<:ctive areo.s of the human 

15 respiratory tract (nose j trachea arid larger bronchi) remove them, • 

The fine dust p.:,s sirig cine of thc!se collecting devicc-s would re1Jrcs0nt 
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re.spirable mass method of dust sampling was adopted by the Bureau 

of Mines as a standgrd method for coal mine dust sampling in 1970, 

and sampling devices ,fot coal mine dust sampling are now jointly 

approved by the Bureau o.f Occupational Safety and Health and the 

Bureau of Mine:s. 

The: routine: coal dust sampling method can he used only for dust 

with less than 5 percent quartz. For the: higher silica dust in r.:.etal 

. • 3 
mines, the limit will usually be 1 mg/m or less (too small for 

roµtine weighings) and a quartz analysis of each sample will be 

necessary. Fortunately, relatively rni,id, se;irtsitive methods of 

quartz analysis have recently been developed, so that one man with 

an X--ray diffraction apparatus may he able to determine as many as· 

15-20 weighted av<'.!rage quartz exposures per day. This c6mpares wito 

the one weighted average dust exposure per day which can be done by 

counting 16 impinger sampl.es. 

There thus exists the. possibility of simpler, more frequet;t 

monitoring of dustiness in metal mines. As far as we know, these 

methods are not yet being used to uny extent in the metal mines. Nor 

do we know the extent to which miners arc. being followed by ad0quate 

medical examination procedures. To make appropriate reco:rr:mertdations, 

we should have some idea of the current incidence of silicosis among 
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meta 1 miners . 

Certainly, as already pointed out, the silicosis probkm is 

much less than it was 5.0 years ago, or even 30 years ago. Comparing 

prevalence in miners with 10-19 years at. metal mines there 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 one of three face workers 'l:iith more than 30 years 

mining had silicosis in 1960. Much of this silicosis must have been 

due to the higher dust exposures prior to dust controls, but the 

1958-61 investigators concluded that 11 ••• in re.cent years silicosis 

has been developing at a considerably slower pace than formerly, 

but that cases were sti11 occurring." 

Other indicators suggest that the situation as regards silicosis 

now is improvil'lg slowly, if at alL In Montana there were an ave.rage 

of 624 silicosis cases being paid btmcf:its in 1950-54; and ctn avcr.1ge 

. . 19 
of 605 in 1963-67; although in the lat.::-i:.' period the numqcr employed 

' 20 
in mining was only two-thirds that employed in the earlie:c period. 

The proportion of Social Security Disability aw:b:rds fo:c respira­

tory diseases h1. the metal mining States is elevated, In 1966, for 

those States (c:-.:cluding Minnesota) in which more than 1% of the wo1.·kcrs 
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21 
were in metal mining, the disability awards for retipiratory diseases 

averaged 10. 6% of all awards, compared with 7. So/~ for the country as 

22 
a whole, And the Social Security awards may only be th_t: tip of 

the iceberg, -for the. slower development of silicosis in recent years 

means that many--probably most--of the silicosis distbilities arE. 

occurring past age 65, where Social Security disability awards are 

not made. 

A postponement of health effects until retirement is no longer 

an acceptable objective. The Occupational Safety and Health Act of 

1970 directs the Secretary of Health, Education, and Welfare: to 

' 1develop cri.teria .. which will describe ·exposure levels .. at which 

no employee will suffer impaired health or diminished life .:!xpectancy 

as a result of his work experience. 11 It also directs 11 ••• studies 

of the effect of .. ._exposure to industrial materials, processes, and. 

stresses on the potential for illness, disease, or loss of functional 

capacity in aging adults. tr The Federal Coal Mine Health and Safety 

Act of 1969 likewise directed the Secretary of Healt:1, Education, 

and Welfare to "Cstablish ..• a level of personal (dust) exposure 

which will prevent new incidences of respiratory disease and the 

further <l12ve:l opment of such di seas t?. in any per son. 11 Nei q10r of t hc.se: -

Acts applies to metal mining, but it is clear that the Cor.61·ess believes 
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that no preventable occupational disease should occur at any age. 

We have described the basis for present standards for silica 

dust. Tht:: matgin of safety of these standards, or whether ::.htrc 

is a margin of safety. is not known. For silicosis cases now 

occurring, it is not known whether the cases occur because miners 

were exposed for considerable periods of time above the limit, or 

iithethe-r the limit is inadequate in some respcict. 

The general rese_arch authority given to the new Natioi1al 

In:stitute for Occupational Safety and Health, which comeS into 

existence on April 28, may be used to look into these appate:ntly 

continuing health probiems of metal miners. Any such-study would 

• be conducted only after cbnsu1tation with the Bureau or Mines, the 

Federal agency cxercis:i.ng statutory authority to pr8scribe standards 

affecting occupational health in metal mi"nes. Resurveys of the metal 

miner health problems at s ... yeat' intervals were recorrr:,,ended in the 

report on the 1958 to 1961 study, and a resurvey; evc.;n thou6h belated, 

will undoubtedly be a high priority item for the new Natiot,al 

Institute, 

With or without such a research study to examine the health a£ 

miners and the adequacy of existing dust limits, it is the obligation 

bf rh(:tal mine operators to do all possible to protcc.t miners against 
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silicosis, Appropriate dust control measures should be taken to 

reduce dust concc.ntratiOns. The concentrations existing aft.er dust 

controls should be monitored by air sampling. All 01,erations should 

be kept as much below current ,dust limits as availa.ble technology 

wi1 l permit. Medical examination programs including :prcplaceme·u.t 

arid periodic chest X-'rays should he continued or instituted at all 

mines. Similar recommi:.mdat ions haw:! been made after each m.ij or 

study of silicosis in the metal mining industry, and arc just as 

applicable today, 
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