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Foreword

Throughout the history of mining, silicosis has been a major health
problem. Efforts to control the disease did not begin in the United
States until shortly after the turn of the 20th century, when the Pub-
lic Health Service and the Burean of Mines embarked on a series of
joint investigations which contributed much basic knowledge on the
etiology, pathology, and control of silicosis., However, it was not
until about 1935 that the mining industries began major efforts to
control the disease. Because of the long period involved in the devel-
opment of silicosis, these efforts were not expected to lead to a de-
monstrable reduction in the prevalence of silicosis until many years
later. In 1956, a study of compensation and other records pointed
up the disease as a continuing problem of industrial, social, and eco-
nomic significance. The present study was an outgrowth of hear-
ings on mine health and safety held by the Committee on Education
and Labor, House of Representatives, 84th Congress.

Because of the inadequacy of retrospective data on dust concen-
trations in the mines and silicosis prevalence rates due to the dearth
of mine studies during the period 1940-61, it was not possible to an-
swer all of the questions proposed in the objectives of the study. The
study, however, should form the basis for others which could mate-
rially assist in ultimately eliminating silicosis as a serious threat to
the health of metal miners.

MarLiNGg J. ANKENY Harry HErmanw, M.D.
Director, Bureau of Mines Chief, Division of Occupational
Department of the Interior Health
Bureau of State Services
Public Health Service
Department of Health, Educa-
tion, and Welfare
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CHAPTER [

Introduction

Ix 1956, Tiie Committee on Education and Labor, House of Rep-
resentatives, held a series of hearings on bills introduced in the 84th
Congress relating to inspections and investigations in metallic and
nonmetallic mines and quarries for the purpose of obtaining infor-
mation relating to health, safety conditions, aceidents, and occupa-
tional diseases therein. Testimony relating to the silicosis problem
in the metal mining industry was presented at the December 1956
hearings by representatives of the Public Health Service and the
Bureau of Mines. Although the committee did not recommend
favorable action on the bills, as an outgrowth of the hearings, the
Congress appropriated funds to the Public Health Service and the
Bureau of Mines to revaluate the silicosis problem in the metal
mines.

This report presents the major findings of the environmental and
clinical studies conduected by the two agencies between March 1958
and September 1961 on the nature and scope of the silicosis problem
in the metal mining industry. Also included is a retrospective
study of a long-term silicosis control program and a discussion of
the use of the International Radiological Classification of the
Pneumoconioses in the study of silicosis.

BACKGROUND

The classie studies of the Public Health Service and the Bureau
of Mines relating to dust diseases conducted between 1913 and 1940
made several important contributions to our knowledge of silicosis.
They served to confirm the findings of many independent investiga-
tors and assisted in determining the etiology and pathology of the
disease. The studies helped immeasurably in the assay of dust
exposure and in defining the role of such factors as particle size,
composition of the dust, and duration of exposure, and led ultimately
to the adoption of 5 million particles per enbic foot of air as a maxi-
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mal allowable concentration of silica dust!® The year 1935, or
thereabouts, saw recognition and acceptance of the five eardinal
factors in the etiology of silicosis: composition of the dust, concen-
tration of the dust, size of the dust particles, duration of exposure,
and individual susceptibility.

On April 14, 1936, the Secretary of Labor, recognizing the con-
fusion which existed at the time regarding silicosis, called the First
National Silicosis Conference.®? After a general discussion, the
conference agreed to organize four committees to do at least three
things: (1) study specific phases of the silicosis problem: (2) assem-
ble in a series of reports the essential facts about silicosis; and (3)
present specific suggestions for silicosis prevention and for straight-
ening out other difficulties that silicosis had ereated. The reports
of the committees served to clarify many aspects of the problem by
defining the etiology of the disease, its relationship to tuberculosis,
and the medical and engineering control methods. The conference
was doubtlessly a motivating factor for furthering silicosis control
in the mining industry as well as other dusty trades.

Because of the need to concentrate on other problems, the late
1930’s saw a diminishing emphasis by the Public Health Service
and the Bureau of Mines on the epidemiology of dust diseases. This
decision was undoubtedly influenced by the onset of World War I1
and its attendant problems. The middle 1930°s also marked the in-
troduction of extensive dust contrel programs by the larger metal
mining companies. To what extent the World War II period, when
dust control activities were doubtlessly slackened because of equip-
ment shortages and production demands, might have affected prog-
ress had to be considered.

In the middle 1950°s, the Public Health Service began to consider
revaluation of the silicosis problem. The precipitating factor was
an invitation to the Division of Oceupational Health, Public Tealth
Service, to present a paper on “The Accomplishments in the Epi-
demiologic Study of Silicosis in the United States™ * at the 1955 MelIn-
tyre Saranac Symposium on Silicosis. To prepare the paper, a brief
study of the prevalence of silicosis was conducted. Three general
conclusions were drawn from this preliminary review: (1) silico-
sis remained the major occupational disease in the United States;
(2) tuberculosis was not so prevalent as it once was among silicot-
ics: and (3) because of present day compensation laws and enlight-
ened employment practices, the disease no longer has extreme and
unique social consequences.

However, the uncovering of a relatively large number of cases
of silicosis raised some rather significant questions. These in-

*Numbers refer to reference list at the end of the chapter.



cluded: (1) Do the initial exposures in the presently occurring cases
date back to precontrol days? TIf so, do those cases represent pro-
gression of the disease due to continued exposure to low concentra-
tions of silica dust? (2) How extensive and efficient is dust
control in relation to recommended standards? (3) Do our stand-
ards need revision? (4) Are there other factors to which proper
attention is not given, such as particle size? (5) What is the ac-
tual toxicity of silica? In addition, the need was pointed up to de-
vise a practical means of assessing disability, as well as to develop a
satisfactory X-ray classification system.

Following the MeIntyre Saranac Symposium, which pointed to
a serious need for current knowledge on the scope of the silicosis
problem in the United States, two additional steps were taken. The
first was to conduet a more extensive study of the prevalence of
silicosis. By 1956, a review of compensation and other records of
official agencies covering the period 1950-54 had been completed
which showed that 10,362 cases of silicosis had been compensated
or reported in one form or another in 22 States.* This sizable sili-
cotic population was primarily an elderly group, with over 75 per-
cent of the cases 50 years and older. Of 3,455 persons for whom
reasonably adequate employment histories were obtained, only 10
percent allegedly received their entire dust exposure after 1935,
The total mining industry contributed two-thirds of all the cases;
metal mining accounted for 24.5 percent of all the cases In the
mining industry. In the manufacturing group, which accounted for
27.6 percent, the foundry industry was the largest contributor.

The second step was to revaluate the silicosis problem in the
granite-cutting industry. This industry had been the subject of a
detailed study by the Public Health Service in the middle 1920’ and
again in the later 1930°s.5% The most striking finding of these early
studies was the almost universal occurrence of silicosis among the
workers exposed over 10 years to dust concentrations above 40 million
particles per eubic foot of air with a 35-percent free silica content.

The revaluation of the granite industry in 1956 revealed that the
dust concentrations at that time were well below the recommended
State standard of 10 million particles per cubie foot for granite dust.
Insofar as records indicated, and within the limitations of the X-ray
equipment available, not a single case of silicosis had developed in
a granife-shed worker whose initial exposure followed the installa-
tion of dust controls.” One cannot assume that the dust concentra-
tions found in the 1956 survey were representative of those to which
workers were exposed over the previous 20 years: indeed, there 1s
evidence that dust control measures in the granite sheds, as in many
other dusty industries, had deteriorated during the 8- to 10-year
period influenced by World War II. The study did indicate, how-
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ever, that with adequate environmental controls, silicosis might be
prevented or its development delayed considerably beyond the
20-year exposure period,

A third unexpected opportunity for further study ]II‘(‘-"-:EHTE[I itself
in December 1956 when the Committee on Edueation and Labor,
House of Representatives, held its major hearing on bills introduced
in the 84th Congress relating to inspections and investigations in
metallic and nonmetallic mines and quarries® A substantial pari
of the hearing was devoted to the silicosis problem and testimony
was presented by the Public Health Service and the Bureau of Mines.
As an ontgrowth of the hearing, the Congress appropriated funds
to the Public Health Service and the Bureau of Mines to revaluate
the silicosis problem in the metal mining industry.

METHODOLOGY

Following the appropriation of funds by the Congress, an Inter-
agency Technical Committee composed of three representatives and
an alternate each from the Bureau of Mines and the Public Health
Service was appointed in September 1958 to organize and direct a
joint study of silicosis in the metal mining mdustry. A major re-
sponsibility of the Committee was to determine objectives, policies,
and procedures to be used in the study. The objective of the study
was defined as the determination of the prevalence of silicosis and
assessment of the present day environmental conditions in the metal
mining mdustry. The study was designed to answer three important
questions. These were: (1) Are the cases presently occurring the
result of pre-control exposure, in view of the long latent period for
the development of silicosis? (2) Are they accounted for by the
failure to apply controls universally? (3) Are the silicosis cases
occurring because of the inadequacy of standards in use since 19357

The study was limited to active, underground metal mines em-
ploying more than 20 persons underground, but it was broad enough
to include all major commodities in the varions mining areas of the
United States. The medical examinations consisted of a 14- by 17-
inch chest roentgenogram, an occupational and medieal history, and
simple pulmonary funetion testz of employees of mines included in
the study.

Through engineering studies, environmental conditions were eval-
uated by determining dust concentrations and existing dust control
measures. Dust evaluations included the determination of the con-
centration, particle size, and composition of the dust. Airborne
dust and dust-source material were analyzed by X-ray diffraction
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for free silica and by spectrographic methods for chemical com-
position. Ventilation rates were measured. Weighted dust expo-
sures were determined for each major underground occupation.
Mine air samples were collected in sufficient numbers to permit the
evaluation of exposures to carbon monoxide, carbon dioxide, and
oxides of nitrogen.

Because previous studies had utilized the impinger and the refer-
ence standard was based on this instrument, the Committee agreed
that it would be the basic sampling instrument in the environmen-
tal study. However, it was felt that it would be well to supplement
the impinger with the thermal precipitator, the electrostatic pre-
cipitator, and a filter paper sampler. For various technical rea-
sons, the thermal precipitator was used for only a portion of the
routine study and use of the elecirostatic precipitator was limited
largely to a special supplemental investigation. The filter paper
technique was continued throughout the study, but the sample was
only used for particle sizing. For particle-size determination, both
the optical and the electron microscope were used.

The Committee, recognizing the importance of exploring various
dust quantitation techniques other than the impinger method,
agreed that special dust sampling studies would be conducted in
laboratories of the Public Health Service and the Bureau of Mines,
and in selected mines, These studies were performed to compare
the results yielded by a variety of dust sampling and quantitation
techniques with those obtained by the standard impinger method
as used in the routine surveys.

Very early in its deliberations, the Committee concluded that the
success of the study would depend upon keeping and presenting the
data in such a manner that the identity of the mines and individ-
uals would not be disclosed. Such procedures are also in accord-
ance with the policies of the Department of the Interior and the De-
partment of Health, Education, and Welfare. It was, therefore,
decided that neither engineering nor medical data as they related
to an individual or a mining company would be revealed to State
officials, management, labor, or others outside the Public Health
Service or Bureau of Mines. However, following each mine sur-
vey, the Burean of Mines conferred with mine management to re-
port general findings. The companies were also advised by letter
of the free silica content of settled dust samples from its mine and
the spectrographic analysis of a composited ore sample.

For medical data, an exception was to be made only when the X-
ray film revealed a condition that needed immediate medical at-
tention, such as suspected cancer, tuberculosis, or heart disease.
In such cases, the employee’s personal physician was notified by
the Public Health Service, if so authorized by the employee.



To assure high diagnostic standards, the roentgenographic films
were first screened for quality and unusual pathology by physicians
of the Division of Oceupational Health, Public Health Service, and
then read by a panel of outstanding radiologists in accordance with
the International Classification of Radiographs of the Pneumoco-
nioses ( International Labour Office, Geneva, 1958).

A major task of the Interagency Technical Committee was to in-
form industry, labor unions, and oflicial agencies of the study plans.
To assure acceptance at the national level, meetings were held with
officials and representatives of the American Mining Congress and
the major national labor unions involved. The labor unions readily
agreed to the limitations which were placed on the dissemination
of information. Through their communication channels, the na-
tional labor unions advised their locals of the proposed investigation,

Following these discussions, most of the States in which the studies
were to be conducted were visited to discuss the proposal with safety
and health officials as well as representatives of the State mining
associations. Most of the State mining associations contacted in-
dicated willingness to cooperate. Individual contacts were then
made with mining companies by a representative of either the Public
Health Service or the Bureau of Mines, and in many cases, by a
joint approach.

The cooperation of the operating companies was generally quite
good, although it varied to some extent among the various mining
districts. For instance, in the Western States, no company declined
to participate in the study. In other parts of the country, a few
companies would permit only the environmental investigation, being
apprehensive that the medical study might cause some concern
among their employees and reopen the question of compensation.
However, since the environmental data would be of limited value
unless accompanied by the corresponding medical information,
these mines were eliminated from the sample. A small group of
mines objected to the conduct of either the medical or the environ-
mental examinations. Figure I.1 shows the States in which the
survey was conducted.

As an outgrowth of the study, a group of mines in the Lake Super-
lor district volunteered to make available to the Public Health
Service and the Bureau of Mines the medical and engineering data
obtained in their silicosis control program, which began in 1933.
Through the Saranac Laboratory, which condueted the medical pro-
gram, serial films on about 5,000 miners were available for study,
some covering a period of almost 30 years. These data permitted a
detailed analysis of present day and past conditions and were in-
valuable in relating the development and progression of silicosis to
a dust control program.
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FIGURE I.1.—States in which mine studies were made.



Other companies volunteered their mines for more detailed en-
vironmental studies on particle size, effectiveness of various en-
gineering control methods, the relationship of airborne silica to the
silica content of the settled dusi, and medical data which were needed
to supplement the present study.

The 67 underground mines in the environmental study included
14 iron mines with 4,231 employees, 11 copper mines with 7,260 em-
ployees, 22 lead-zine-silver mines with 4,281 employees, a miscel-
laneous group of 12 mines with 4,365 employees, and 8 uranium
mines with 373 employees. Since it was necessary to limit the mag-
nitude of the study, open pit mines were not included,
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CHAPTER 11

Summary, Conclusions, and Recommendations

SUMMARY

A revaluation of the prevalence of silicosis in the metal mining
industry of the United States was carried out by the Division of
Oeccupational Health, Public Health Service, Department of Health,
Eduecation, and Welfare, and the Bureau of Mines, Department of
the Interior, between March 1958 and September 1961. The study
was an outgrowth of hearings before the Committee on Education
and Labor, House of Representatives, 84th Congress, Washington,
D.C., December 1956.

At the turn of the century there was a growing awareness of the
problem of silicosis and frequently associated tuberculosis among
workers in the dusty trades in this country. During subsequent
vears a series of studies was initiated to define the problem and
institute control programs. Included in this series was a number
of studies of silicosis in the metal mines. These metal mine stud-
ies showed that massive dust exposures often were encountered and
that scarcely any of the employees were free of harmful dust expo-
sure. When the dust had a high free silica content, employees ex-
posed to massive levels developed severe silicosis within a
few years. It was common to find silicosis in 30 to 80 percent of
the employees of specific mines studied. In these early studies, up
to 60 percent of the employees with silicosis also had tuberculosis.

In the mid-1930’s a large part of the metal mining industry insti-
tuted major dust control practices. World War II, however, im-
posed major diffieulties in the followup and development of these
practices. The war also eurtailed the attention given to research
and studies on silicosis in metal mines. This and other postwar
problems resulted in a dearth of information on the subject.

In 1954 the Public Health Service began a revaluation of silico-
sis as an occupational disease problem. This consisted first of a
study of compensation and other records of official agencies to de-
termine the magnitude of the silicosis problem. During a 5-year
period, 1950-54, 10,362 cases of silicosis had been compensated or
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reported in 22 States from all industries. The silicotic population
was primarily an older group with 75 percent of the cases being 50
years and older. Of 3455 persons for whom reasonably adequate
employment histories were available, only 10 percent allegedly re-
ceived their entire dust exposure after 1935. The total mining in-
dustry contributed two-thirds of all the cases; metal mining
accounted for 245 percent of these cases. A revaluation of the
granite cutting industry in Vermont in 1956 revealed that the dust
concentrations at the time of the survey were well below 5 million
particles per cubic foot of air, and that records revealed no cases
of silicosis among the granite workers whose initial exposure fol-
lowed the installation of dust controls in the mid-1930’s,

Consequently, at the start of this study (1958-61), it was not
known whether the present prevalence of silicosis in the metal
mines resulted from a reservoir of miners still working who had
significant exposures before dust control practices were instituted,
or was due to the lack of application of dust control practices or
to inadequate standards.

The medical phase of the study was conducted by the Division of
Occupational Health of the Public Health Service and the environ-
mental phase by the Burean of Mines. The environmental study
included 67 underground mines employing approximately 20,500
persons—14,000 of whom worked underground and 6,500 in surface
occupations. At the time of the study this group revresented more
than 50 percent of the working population of underground metal
mines in the United States. The medical study included employees
from 50 of the above 67 metal mines and a large number of uraninum
mines. The mines included in the study represented virtually all
metals mined in commercially significant quantities in the United
States and represented all principal mining methods. Only under-
ground mines employing 20 or more men were studied. The study
was the most extensive thus far undertaken in the metal mining

industry of the United States.

ENVIRONMENTAL STUDY

In the environmental study particular emphasis was placed on
evalnation of airborne dust in mine working areas. Observations
were made also of pertinent factors such as dust control methods,
venfilation, methods of working, and air quality.

Mine dust must have three characteristics to be eapable of pro-
ducing silicosis: (1) it must contain erystalline silicon dioxide, such
as quartz, (2) it must be in the respirable particle-size range, and
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(3) it must be present in sufficient concentration. Thus, in a mine
program for prevention of silicosis, the variable which lends itself
to control is (3)—the concentration of dust.

Determination of the alpha-quartz content of the host rock in the
varions mining areas studied indicated a range from less than 1 per-
cent to 95 percent. Dust exposures were evaluated for the mines
studied on the basis of the quartz content of 234 samples of settled
dust collected from mine working areas. Quartz in the settled dust
ranged from less than 2 percent to 95 percent. In 55 percent of the
mines the settled dust contained less than 20 percent quariz; 39 per-
cent of the mines were in the range of 20-50 percent quartz; and 6
percent of the mines were above 50 percent quartz.

Particle-size characteristics of 481 samples of airborne dust were
determined by optical microscopy, using the oil immersion technique.
Median particle diameter was 0.36 micion. Comparison of particle-
size characteristics on split samples using both optical and electron
microscopy indicated that there was not a preponderance of sub-
micron particles below the range detectable by optical microscopy
using the oil immersion technique. Little difference was found in
size properties of airborne dust produced in the various mining op-
erations. All determinations indicated ranges of size of particles
capable of significant retention in the alveolar spaces of the lungs.

The impinger was used as the principal instrument for sampling
airborne dust throughout the environmental study. The threshold
limit value for.industrial dust currently recognized in the United
States is based upon determination. of airborne dust by use of this
instrument. Furthermore, the impinger has been employed as the
dust-assessing instrument in previous studies, dating back more
than 25 years, in which the health status of workers has been cor-
related with their occupational exposure to dust. Thus, its use in
this study permitted comparison of overall findings with results of
previous studies.

In discussing results of the study, the threshold limit value for
siliceous dust adopted by the American Conference of Governmental
Industrial Hygienists as acceptable for occupational exposure was
used as a guideline for evaluating the concentrations of airborne
dust as determined in the study. The threshold limit values in effect
during the period of the study, 1958-61, had been recognized since
the mid-1940°s.  In 1962, however, the American Conference of Gov-
ernmental Industrial Hygienists (ACGIH) adopted a new threshold
limit value for dusts containing silica. Results of the study were
considered in respect to both sets of threshold limit values. Neither
of these sets of values were used, however, as sharp lines of dis-
tinction between safe and unsafe conditions, but merely as base
lines or reference points for comparison of observed conditions.
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The threshold limit value is applicable to the interpretation of
daylong integrated, or “weighted average,” exposures. Although
the threshold limit value is not applicable to single samples, it is
convenient to have some means for their classification. Individual
samples of airborne dust that could contribute significantly to
weighted average exposures that would exceed 1962 ACGIH thresh-
old limit values are considered as containing “excessive dust.” It
is emphasized that the working environment as assessed, repre-
sented conditions existing only at the time of the sampling; the re-
sults may not be interpreted as representative of past or future
conditions.

A total of 14,480 impinger samples was colleeted in underground
working places. Of the samples, 75.6 percent were in the range of
0-5 million particles per cubic foot of air (mppef): 19.3 percent
in the 5-20 mppef range: 3.9 percent in the 20-50 mppef range; and
1.2 percent over 50 mppef. An additional 357 samples were collected
in intake and return airways not considered as ocenpied working
places. Of the grand total 14,837 impinger samples collected under-
ground, 1,440, or 9.7 percent, contained excessive concentrations of
dust.

During the study 789 full-shift weighted average exposures were
determined to provide an evaluation of specific underground opera-
tions. These determinations applied only to operations, as such,
and were not intended to classify the total underground mining popu-
lation into various degrees of dust exposure. Based upon the thresh-
old limit value that was in effect during the study, 44, or 5.6 percent,
of the weighted average exposures exceeded the limit; whereas, on
the basis of the 1962 threshold limit value, 104, or 13.2 percent of the
welghted averages, were above the threshold limit value. Distribu-
tion of weighted averages that exceeded the threshold limit value
was not uniform among the 67 mines studied.

In relation to the threshold limit value in effect between 1958-61,
none of the weighted averages determined in 46 mines exceeded the
limit. In relation to the 1962 threshold limit value., 30 mines had
no weighted averages above the limit. Among the other mines the
number of weighted averages above the threshold limit value var-
ied from one per mine to five or more per mine. It was notable
that a few mines contributed a major portion of the weighted aver-
age exposures that exceeded the limit, indicating need for more
overall attention to the dust control programs at these mines. It
is emphasized also that in every mine studied some individual im-
pinger samples contained excessive dust, indieating need for im-
proved dust eontrol at these particular locations.

A comparison of dust concentrations obtained at a group of lead-
zine mines in the Western States with dust concentrations obtained
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in Utah lead-zinc mines in 1939, indicated very substantial improve-
ment in dust control during the years intervening between the stud-
ies. Dust concentrations for comparable occupations underground
had been reduced at least 80 percent, and in some instances as much
as 90 percent. Dust concentrations for comparable oceupations on
the surface had been reduced a minimum of 50 percent, and in some
cases as much as 90 percent.

MEebicaL Stubpy

Medical examinations, including medical histories and symptoms,
occupational histories and chest roentgenograms were completed
on a total of 14,076 currently employed metal mine workers. Two
simple pulmonary function tests were performed by each partici-
pant unless maximal respiratory exertion was thought by the team
physician to be contraindicated.

Participation in the survey was on a voluntary basis, but every
effort was made by the Public Health Service working with com-
pany and union officials to examine all mine employees. The re-
sponse varied widely from 50 percent to 100 percent, the overall
average being 77 percent for the 50 nonuranium mines included in
the study. In nine mines 90 percent or more of the employees
participated and; of these, three small mines had 100-percent
participation.

Of the 14,076 chest roentgenograms taken, 476 or 3.4 percent were
classified as consistent with a diagnosis of silicosis. Of these, 305
were classified as simple silicosis and 171 were classified as com-
plicated silicosis. Although the overall prevalence rate for the
study was 3.4 percent, the prevalence varied greatly, ranging from
12.9 percent in one mine to zero in seven mines. Thirteen mines
had a prevalence rate of less than 1 precent silicosis while five
mines had more than 7 percent.

This overall silicosis prevalence rate of 3.4 percent was in marked
contrast with rates revealed by earlier studies of silicosis among
metal mine workers conducted in various areas of the country be-
tween the years of 1914 and 1935. In some of these early studies
more than 60 percent of the workers were found to have roentgen-
ologic evidence of silicosis, and the prevalence rate seldom was
less than 25 percent.

Silicosis in the 1958-61 study, for the most part. was confined to
the older miners with more than 15 years of metal mining experi-
ence. Silicosis was not observed in the chest film of any miner
under 35 years of age, and only seven cases, or 0.4 percent, were
found in the 35-39-year age group. Beginning with the 40-44-year
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age group with a prevalence rate of 2.4 percent, there was a mod-
erate increase in the rate with each succeeding age group until it
tended to level off at about 12 percent for men from 55 to 64 years
of age. Of 63 men examined who were 65 years or older, about
one-third were silicotic.

In relating silicosis to years of work at the mines, no eases occurred
with less than 5 years of exposure. Seven cases, or (.2 percent, oc-
curred in workers with 5-9 years of exposure. Thirty-five cases,
or 1.4 percent, occurred with 10-14 years of exposure and 58 eases,
or 3.0 percent, occurred with 15-19 years of exposure. After 20
years of exposure the prevalence rates rose rapidly in 5-year incre-
ments from 7.6 and 12.1 percent up to an average rate of about 17
percent for the four exposure groups working 30, 35, 40 and 45
years and over.

A past history of pulmonary tuberculosis was reported quite in-
frequently by this employed mining population, being well under 1
percent in the large nonsilicotic population and reaching only 3.8
percent in the silicotic groupings. An evaluation of the case histories
and a recheck of the related X-ray film interpretations, moreover,
showed that some of these histories could not be proven, as rela-
tively few showed definite evidence of past pulmonary infection. On
the other hand, actual X-ray evidence of past tuberculous infeetion
as shown by review of all the chest films was found in 0.6 percent
of the total nonsilicotic and 5.3 percent of the silicotic population,
a low rate as compared with earlier studies of silicosis and
fuberculosis.

Information on other illnesses was solicited in the mediecal history
which was obtained from each worker examined. A history of pneu-
monia was reported by about one-fifth to one-fourth of all employees,
increasing slightly with age. Pleurisy was reported somewhat less
frequently than pneumonia, especially among the nensilicotic em-
ployees. Bronchitis was reported in a small percentage of all em-
ployees, inereasing very slightly with age and showed only a small
increase in prevalence among the silicotic workers. Asthma was
reported in about 4 to 6 percent of all employees in both the silicotic
and nonsilicotic groups.

Shortness of breath was reported by less than 5 percent of the non-
silicotic miners under 35 years of age, but gradually increased to
158.4 percent among miners 55 years of age and over; for the same
age groups, shortness of breath was reported twice as often in the
silicotic population. It was more prevalent among persons with
complicated than those with simple silicosis. There were only slight
differences in the prevalence of shortness of breath at the various
elevations of the mines.
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A history of lead poisoning and mercurial poisoning was reported
very infrequently as compared with previous studies. If only men
working at mines producing lead in the present study are considered,
there were 26 workers or (L7 percent who reported lead poisoning
at any time in the past. In the entire study 23 cases of mercurial
poisoning were reported by the miners interviewed. Among 309
employees at mercury mines, 7 said they had been affected at some
time with mereurial poisoning.

So far as possible, each employee was classified according to his
principal oceupation. This generally was the broad occupational
group in which he had spent more than half of his working life in the
metal mining industry, regardless of his present occupation which
might have changed in recent years.®* All men, however, who had
spent 10 years or more at the working face of the mines were
classified as “faceworkers.”

Over one-half of all silicosis cases occurred among men who were
classified as faceworkers. With 10-19 years of mining employment
they showed a silicosis prevalence of 3 percent which rose to 19 per-
cent among men working 20 years or longer. Smaller, but signifi-
cant silicosis rates were also found among employees with more
than 20 years of employment in other underground operations, sur-
face maintenance and construetion work, and surface mill operations.
Surface transportation and miscellaneous surface operations showed
very few cases of silicosis. Silicosis was often found at the time of
the survey among older surface workers who had previously spent
many years underground, but had been transferred to surface opera-
tions for various reasons.

The mines were divided according to the size of their working
population and the prevalence of silicosis in each mine was expressed
as the percentage of employees so affected. There was little rela-
tionship between the size of the mines and the prevalence of silicosis.
Attention was also directed toward the question as to whether the
silicosis found at a metal mine was attributable solely to employ-
ment at that mine or to a combination of work experience at several
mines. A comparison of silicosis rates for groups of employees who
had experience in one mine only, and for groups of employees with
experience in two or more mines, showed little difference when
similar occupations and periods of exposure were compared. The
prevalence of silicosis was slightly greater among employees with
experience in two or more mines,

*This tabulation dees not include uraninm miners, many of whom ecould not
be classified by principal occupation, and workers at seven iron and lead-zine
mines situated in low free silica limestone formation, who were found to have
a negligible prevalence of silicosis in all oceupations.
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The prevalence of silicosis among workers in mines producing
iron, lead-zine, copper, uranium, and miscellaneous commodities
wasg determined by each commodity. There was no great differ-
ence in the pattern of silicosis prevalence which could be attributed
to the difference in commodities.

Men having had 5 or more years of exposure in other dusty trades
in addition to the metal mining industry, were excluded from the
study group because of the possibility that the prevalence of silico-
s1s In such a mixed exposure group would be unduly influenced by
other dusty employment. Among this mixed exposure group it was
noted that, when the total duration of employment in dusty trades
was approximately the same, the silicosis prevalence rates were
very similar to that of metal mine workers included in the study.
It thus appears that the exclusion of 671 workers from the study
group because of previous exposure in other dusty trades did not
appreciably alter the results of the study.

In general, great advances have been made by the metal mining
industry in controlling the silicosis hazard, beginning about the mid-
1930°s. The effects of these dust control measures would not have
been evident until many years later, because of the reservoir of
miners exposed to dust prior to this period.

Fortunately the 1939 Study of Non-Ferrous Metal Mine Workers
in U'tah presented data which may be contrasted with data from a
group of 12 western lead-zine mines investigated during the present
survey (1958-61). The overall prevalence of silicosis was found to
be 40 percent lower than in the earlier study. Even more striking
was the reduction of 80 percent in the silicosis rate among persons
employed in the mines less than 10 years and 73 percent for the
group employed 10-19 years. The environmental data of the 1958-
61 survey also showed a very favorable trend in reduction from the at-
mospherie dust levels found in the 1939 Utah survey.

An analysis was also made of comparative prevalence rates within
the 1958-61 study for silicosis among metal mine workers who
had worked in the industry only since 1935 or later, and those who
had some portion of their employment before 1935 as well as later,
excluding those at seven mines located in low free silica limestone
formations. This permits some comparison of silicosis prevalence
rates among workers within this study who had substantial expo-
sure before dust control measures became widely used, and those
employed only during the subsequent 25 years or so. Among the
relatively small group of miners with some mining experience be-
fore 1935, but who had worked in metal mines a total of only 10-14
years, the silicosis rate was 6.1 percent; a group of 1,818 miners who
had worked the same number of years but only in 1935 or later had
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a rate of 1.5 percent. Figures for persons with 15-19 years in metal
mines showed 8.3 percent with silicosis in the pre-1935 group and
3.3 percent with silicosis in the after-1935 group. After 20-24 years
in metal mining, men with experience prior to 1935 had a silicosis
prevalence of 12.7 percent compared with 7.2 percent for miners with
experience during or after 1935, This is a trend similar to that shown
in comparing the present study with the 1939 Utah study.

A special study was made of the records of a group of metal mine
workers from one iron mine which had a continuous silicosis con-
trol program underway since 1933. Beginning with the records of
that year it was possible to examine X-ray films of all workers then
employed and others as they were hired and to follow the entire
group yvear by year as serial X-ray films were taken throughout
the 28-year period. Complete work records were also available
for analysis.

Among the 1,293 men included in this study, 410 had worked be-
fore 1933, and thus had been exposed before the improvement in
the mine environment. Silicosis was found at the time of first X-
ray examinations in 1933 in 83 men, and 16 men who were negative
in 1933 developed silicosis later. Among the 883 men who were first
employed after the control program began in 1933, there was not a
single case of silicosis which developed even in a substantial group
with more than 20 years of exposure. Only 6 percent of the men
with silicosis showed any progressive change in the disease as they
continued mining employment.

CONCLUSIONS

Prior to the beginning of this study it was known that in recent
vears substantial numbers of men who had been employed in the
metal mining industry were awarded disability compensation for
silicosis.  With silicosis thus known to occur in the industry the
study was designed to determine the prevalence of silicosis among
the work force of the industry, to define present day environmental
conditions, and to seek answers to the questions:

1. Are the cases presently occurring the result of pre-control
exposure, in view of the long latent period for the develop-
ment of silicosis?

2. Are they the result of failure to apply dust controls univer-
sally?

3. Are cases occurring because of inadequacy of standards for
acceptable levels of dustiness in use since 1935 ¢
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Findings of the study lead to the following conclusions with regard
to these questions and to other facets of the problem:

1. Considerable progress has been made in the metal mining
industry in the prevention of silicosis. The present over-
all prevalence rate of 3.4 percent is substantially lower
than the rates encountered in previous surveys. The range
varied among individual mines, however, from 0 to 12.9
percent and shows the prevalence of silicosis is not uni-
formly distributed throughont the industry.

2. The mdmrw has instituted or improved many dust moni-
toring and dust contiol systems during the past 25 years:
this has resulted in marked reduections in dust exposures.
Since the development of silicosis requires a considerable
period of exposure, the full benefits of these improved en-
vironmental working conditions cannot be fully evaluated
at this time.

3. There was a substantially higher prevalence of silicosis
among men who worked in mining at some time before
1935 as compared with men who have worked the same
number of years only sinee 1935, Two hundred and ninety-
eight cases of silicosis were found in workers whose work
history began prior to 1935.

4. One hundred and twenty-eight cases of silicosis were found
among men exposed only since 1935. This finding, to-
gether with excessive dust exposures in some of the mines
studied, provides evidence that effective dust control has
not been universally practiced.

5. Data obtained in the study do not permit judgment of the
adequacy of present standards. In most of the mines
studied, environmental data to define working conditions
from 1935 to the time of this study were lacking.

6. Combined medical and environmental surveillance and con-
trol ean prevent the development of elinically significant
silicosis among miners.

7. With regard to specific environmental situations the following
can be concluded :

a. In many instances, ventilating eurrents in the working
areas were not being nsed to best advantage. Re-
cireulation of air particularly posed a problem in
that airborne dust was often carried from one work-
ing place to another.

b. Drilling, slushing, and mucking were the most prolific
dust-producing operations to which men at the face
were exposed. Workmen engaged in haulage and
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crusher operations were also exposed, in several in-
stances, to excessive concentrations of dust.

c. Water applied to the muck piles assisted materially in
reducing dust concentrations during subsequent oper-
ations.

d. Dust concentrations in shops and mills, except during
cleanup operations, presented no particular problems.

e. The need for better maintenance and cleanup practices
around erusher installations was indicated.

f. Concentrate loading and cement mixing were sources
of excessive concentrations of dust; however, very
few workmen were engaged in such operations.

8. This study has provided extensive and basie data on the cur-
rent prevalence and characteristics of silicosis among em-
ployed metal miners and on the magnitude and nature of
current dust exposures in the metal mining industry. It
represents an important baseline for continued studies. In
view of the long latent period for the development of silico-
sis, further comprehensive medical and environmental
studies over a period of years will be necessary to develop
additional essential information on the problem. This will
imclude determining if new cases of silicosis are oceurring
or known cases are progressing, their relationship to oceu-
pational dust exposures, the need for improved or additional
dust control measures and the adequacy of present stand-
ards for evaluating siliceous dust exposures.

RECOMMENDATIONS

The following recommendations are generally applicable to the
Nation’s underground metal mining industry. It was unusual to
find all recommendations being practiced by any company, although
many were being followed by some of the participating companies at
the time of the study.

(GENERAL

Periodiec medical and environmental studies should be continued
by the PPublic Health Service and the Bureau of Mines at approxi-
mately 5-year intervals. These should be continued for a sufficient
period of time to determine the incidence and trend of silicosis in
the industry and to determine the adequacy of standards for safe
dust exposure. Also, research on dust sampling, analytical methods,
and dust control methods should be continued and expanded.
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Tue WorkING ENVIRONMENT

1. Each mining company should maintain a dust monitoring
program conducted or supervised by a person competent in
the techniques of dust sampling and interpretation of
results.

a. For determining levels of exposure, dust samples should
be taken in the breathing zones of workmen,

b. The program should be conducted in such a manner
that it will detect changes in environmental condi-
tions and promptly locate conditions in need of
correction.

¢. Accurate and complete records of dust conditions
should be kept. These should be tabulated, analyzed,
and reported to a responsible level of management at
regular intervals.

2. Proper methods of dust control should be initiated promptly
when the need is discovered.

a. Adequate ventilation by mechanical means should
be provided at all working places.

b. Recirculation of air should be held to a minimum
consistent with good mining practice.

c. All ore and broken rock should be thoroughly wetted to
reduce dust during subsequent handling operations.

d. All dust control devices and materials handling
equipment, both underground and on surface,
should be frequently inspected and maintained in
proper working condition to limit to the lowest prac-
ticable level the generation or dispersion of dust.

e. Men should not be permitted to reenter a workplace
after blasting until sufficient time has elapsed for
dust and gases to be reduced to a safe level.

3. Workers should be informed of the dust hazards associated
with their job, the methods employed for the control of
dust. exposure, and instructed in good work procedures
to minimize dust dispersion and in the proper use of equip-
ment. All employees should give their full eooperation in
helping to maintain an effective dust control program.

4. Mining companies should request, whenever necessary, the
assistance of the Bureau of Mines or other qualified agen-
cies in instituting and evaluating dust monitoring and dust
control programs.
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MEDiCcAL SERVICES

1. Medical examinations

a. All men entering the metal mining industry should
have a preplacement physical examination inelud-
ing a technically satisfactory X-ray film of the
chest.

b. Periodic physical examinations including an X-ray
chest film should be performed annually on under-
ground workers, and biennially on surface workers
in order to detect early silicotic changes, evidence
of active pulmonary tuberculosis, or other pulmo-
nary disorders.

e. No worker should be denied employment for which
he is trained because of simple silicosis but rather
he should be permitted to work in an environment
with effective dust control that would be safe both
for him and his fellow workers.

d. Any employee found to have active pulmonary tuber-
enlosis should be placed under treatment and should
not be permitted to resume employment at a dusty
occupation. Workers with minimal, arrested, or
healed reinfection tuberculosis should be allowed
to continue to work, but should observe the same
precautions as the man with simple silicosis. Healed
primary tuberculosis does not seem to be a con-
traindication for employment in a dusty trade.

2. Health supervision and practices: Although the following
recommendations were not developed directly as a result
of the 1958-61 silicosis study, they represent standards of
good practice and for the most part result from previous
studies of the Public Health Service and the Bureau of
Mines.

a. Close medical supervision is desirable for all em-
ployees in order to prevent or control ordinary res-
piratory infections, and other common illnesses.
During the course of medical examinations and day-
to-day wisits to the hospital or clinie, employees
should be advised on various aspects of hygiene and
preventive medicine.

b. Employees returning to work after an absence due
to an injury or illness should be cleared through
the medical service to insure their being physi-
cally fit for their jobs, thereby protecting their own
and their coworkers’ health and safety.
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¢. The mine physician, whether full or part time, should
be familiar with the various mining operations and
their potential health hazards and should make pe-
riodic sanitary inspections. The official health de-
partment should be informed of any conditions
requiring technical or specialized assistance. Also,
the physician should be in close communieation with
plant safety and dust control personnel.

d. All mines should provide conveniently located change
houses with facilities for hot and cold shower baths,
and lockers and drying rooms for work and street
clothing.

e. Records of all absenteeism due to illness or injury
should be kept by the mine medical department indi-
cating the course, nature, duration, and outcome of
such disability. These records should be tabulated
and analyzed in a monthly report to serve as a basis
for study and corrective measures to promote em-
ployee health and minimize such absenteeism.
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CHAPTER 111

Review of Past Studies

A review of past studies reveals the scope and severity of the sili-
cosis problem in the metal mines of this country during the first
four decades of this century and of the efforts throngh environmen-
tal and medical measures to control the problem. A general aware-
ness of the severity of silicosis and tuberculosis among workers in
the dusty trades became apparent at the turn of the century. The
equally apparent high prevalence of “miner’s consumption” and
tuberculosis among metal miners drew attention to the need for
studies in the mines and the institution of control measures.

The first major investigation of silicosis in the metal mines in the
[United States was made in the Joplin, Mo., mining district in 1914
15 through a cooperative study by the Bureau of Mines and the
Public Health Service.! * Of a total of 93 miners examined, 64, or
68.8 percent showed definite evidence of pulmonary disease. Of
these 64 miners, 39 had the classical symptoms of pulmonary tuber-
culosis. Environmental studies showed that the miners were ex-
posed to massive dust concentrations arising from such operations
as blowing of dry holes, squibbing, boulder popping, dry drilling,
and dry handling of the ore. Atmospheric dust concentrations as
high as 6 to T milligrams per 100 liters of air were common.

To further define the silicosis problem among miners in this dis-
trict, a more comprehensive study was made in 19152 Of 720 miners
examined, 472 or 65.5 percent had silicosis. Of the 472 miners with
silicosis, 21.8 percent also had pulmenary tuberculesis. The en-
vironmental study bore out the extreme dustiness of the various
operations found during the previous study and further revealed
that the chert in the mines contained free silica ranging from 70 to
over 95 percent. il

During 191619, the Bureau of Mines and the Public Health Serv-
ice conducted a cooperative study of the prevalence and cause of
miner’s consumption in the Butte, Mont., district.* Of 1,018 miners
examined, 432 or 424 percent showed definite signs of dust injury
to the lungs. Of the 432 miners with silicosis, 14.6 percent also had
pulmonary tuberculosis. The environmental data revealed that

*Numbers refer to the reference list at the end of the chapter.
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the Butte mines in general were more dusty than the Joplin dis-
trict mines but that, in contrast, the dust of the Butte mines con-
tained only 50 to 60 percent free silica compared to the over 90
percent free silica of the dust in the Joplin mines.

An examination of 303 gold miners in Nevada in 1921* showed
that 80 percent had silicosis. During the same year an examination
of 181 gold miners in California showed that 25 percent had silicosis.

In 1923 ° the mining companies of the Tri-State District of Okla-
homa, Kansas, and Missouri, in eooperation with the Bureau of Mines
and the Public Health Service, conducted a study of the mines in the
district to determine whether the measures in use for the prevention
of silicosis were adequate, and, if not, to recommend improvements.
Of 309 miners examined, 94, or 30.4 percent, had definite silicosis,
and an additional 114 were eclassed as doubtful. The investigation
showed the mines of the Picher, Okla., distriet to be less dusty than
those of the Joplin distriet. It was pointed out that the practices in
the Picher mines had improved as a result of the Joplin study and
recommendations. Recommendations to the mining companies in-
cluded yearly medical examinations of all miners. This study led
to the establishment of a clinic in Picher, cooperatively operated by
the Bureau of Mines, the Public Health Service, Metropolitan Life
Insurance Co., and the Tri-State Zine and Lead Ore Producers
Association. Of the 27,553 individuals examined during the period
1927-32, 5,366 or 194 percent, had silicosis. Of the 5366 with
silicosis, 742 or 13.9 percent also had pulmonary tuberculosis.

On April 14, 1936, the Secretary of Labor, recognizing the con-
fusion which existed at the time regarding silicosis, called the First
National Silicosis Conference.” After a general discussion, the con-
ference agreed to organize four committees to do at least three
things: (1) study specific phases of the silicosis problem: (2) as-
semble in a series of reports the essential facts about silicosis; and
(3) present specific suggestions for silicosis prevention and
for straightening out other difficulties that silicosis had ereated.
The reports of the committees served to clarify many aspects of
the problem by defining the etiology of the disease, its relationship
to tuberculosis, and the medieal and engineering control methods,
The conference was doubtlessly a motivating factor for silicosis
control in the mining industry as well as other dusty trades.

During the period 1935-37, many of the larger mining companies
in the Coeur D'Alene Mining Distriet of Idaho started routine pre-
employment and periodic physical examinations of miners, Of 6,243
miners exposed to silica dust,® 2,328 miners or 37.3 percent had sil-
icosis; 1,967 or 31.5 percent were classed as doubtful or presilicosis;
145 or 2.3 percent had both silicosis and pulmoenary tubereunlosis.
Average dust levels encountered during rock drilling, crushing,
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mucking, drawing chutes, and in airways ranged from 3.7 to 36.0
with an overall mine average (278 samples) of 16.7 million parti-
cles per cubic foot of air.

In 1939 the Utah State Board of Health eollaborated with the Pub-
lic Health Service and the Utah State Industrial Commission in a
study of nonferrous metal mine workers.® Of 727 miners examined,
66, or 9.1 percent, had silicosis and 42, or 5.8 percent, had border-
line silicosis. Nine, or almost 14 percent, of the workers with sili-
cosls also had pulmonary tubereulosis.

Environmental data from the Utah survey showed that the under-
ground worker was exposed to weighted average dust levels rang-
ing from 3.8 million particles per cubic foot of air for station tender
and earmen to 23.1 for miner, driller, and mucker, and 37.5 for
bin tender, carloader, and chute gate tender. The median parti-
cle size as determined by impinger samples was 0.94 micron. Less
than 1 percent of the metal miners were exposed to average dust
concentrations higher than 30 million particles per cubic foot of air.
Around 86 percent were exposed to dust concentrations between 6
and 30 million particles per cubic foot of air and around 12 percent
were exposed to less than 6 million particles per eubic foot of air.
It appeared that the average underground worker was exposed to
atmospheric dusts containing 2040 percent free silica. A num-
ber of methods had been instituted for minimizing the silica dust
hazard including wet drilling, wetting of the muek piles, good under-
ground ventilation, loeal exhanst ventilation, and good operational
practices. It was observed that good practices in the proper use
of the above methods to minimize dust reduced the dust levels 5-fold
to 50-fold under levels existing during poor practices.

Data relating to 727 metal mine workers in the 1939 Utah study
were grouped according to weighted average dust concentration in
arbitrary intervals of 6 million particles per cubic foot of air. Each
of these five dust concentration groups was subdivided into three dura-
tions of employment in metal mines, namely, less than 10 years, 10-19
years, and 20 years and over. There were no cases of silicosis in
39 miners who had worked at average dust levels under 6.0 million
particles per cubic foot of air. Workers exposed to dust concentra-
tions of 6.0-11.9 million particles showed no case of silicosis for the 44
men who worked less than 10 years, 1 case among the 36 men with 10-19
years, and 2 cases among the 18 men with service of 20 years and
over. A study of employee work histories in this group indicated
that dunst exposures were likely very much higher for varying pe-
riods than the ranges shown here. Among persons exposed to 12.0-
17.9 million particles the percentages with silicosis were 0, 7.0 and
19.0, respectively. With dust exposure of 18.0-23.9 million parti-
cles, silicosis increased markedly and was found in all duration
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groups, progressing from 0.5 percent for those with less than
10 years, to 19.6 percent for 10-19 years, and 37.0 percent for 20
years and over. The highest exposure group, 24.0 and over million
particles, showed silicosis prevalence of 3.4 percent, 18.4 percent,
and 65.2 percent.

In following up the recommendations of studies made in the Tri-
State Mining District of Oklahoma, Kansas, and Missouri during the
period 1917-32, the Tri-State Zine and Lead Ore Producers Associa-
tion in 1936 employed an air hygiene engineer to conduct routine
dust counting surveys in companies desiring this service. Inecluded
in dust control measures in the mines were: wet drilling, wetting
the muck and workfaces before shoveling and drilling, wetting of
haulageways, blasting at the end of workshift, and ventilation.
During the first 4-year period, the air hygiene engineer took over
4,000 air samples for dust.'® Seventy-six percent of the dust samples
collected during the first year were under 5.0 million particles per
cubie foot of air. During the fourth year 88 percent of the samples
were under 5.0 million particles. Since not all the companies were
using the services of the air hygiene engineer, a survey was made
during the fourth year to determine whether there was a difference
in the degree of mine dustiness based upon whether or not routine
dust sampling was done in the mine. Drillers, shovelers, and drag
operators had respective average dust levels of 1.6, 2.2, and 2.4 mil-
lion particles per cubic foot of air in mines conduncting routine dust
sampling compared to respective averages of 6.6, 4.3, and 7.4 for
mines without routine dust sampling services. This clearly points
out the usefulness of routine monitoring of dust levels in the mines
since it offers a check on proper and efficient use of dust control
Ineasures.

The onset of World War IT greatly curtailed the attention given
to research concerning the problem of silicosis among metal mine
workers. This resulted in a dearth of published information on this
subject between that period and the start of the current study.
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CHAPTER 1V

The Enviromental Study

Part A—Field Investigation

PURPOSE AND SCOPE

The purpose of the engineering phase of the study was to assess the
working environment in a representative segment of the Nation’s un-
derground metal mines, with particular attention to airborne dust.

When the study was started in the spring of 1958, approximately
55,000 men were employed at 2,000 underground metal mines in the
['nited States. About 25,000 men were employed underground, and
10,0000 were employed in associated surface areas such as shops,
crushers, mills, and other loeations.

The environmental study, which was completed in the fall of 1961
included 67 mines chosen on the basis of characterizing factors such as
commodity, geology, mining distriet, mining method, and size. These
mines were operated by 46 different companies and represented em-
ployment of approximately 14,000 underground and 6.500 surface
workers. Thus, although the number of mines included in the study
was only a small fraction of the mines operating at the time, the
number of men emploved at these mines represented almost 60 per-
cent of the nationwide employment at underground metal mines,
Table IV.1 presents data on the mines included in the study.

TABLE IV.1.—Datla on mines included in the dust study

Commedity group Mines Undergromnnd Surinee Tatal
employees employees amployees
Patpl=tott: mel s o o 67 14, 010 6, 500 20, 510
] | e ey R R ) 14 3, 267 964 4, 231
Ty e I s et T 11 5,072 2. 188 7, 260
Lead-zingellver. oo 22 3, 260 1, 021 4, 281
R e 8 325 48 373
Miscellaneous . - o ccocvciosivioas 12 2. 086 2. 279 4, 365
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Data collected in the underground study included determination
of concentrations of airborne dust, particle-size distribution anal-
yses, and determination of free silica in samples of airborne and
seitled dust and dust-source materials. Semiquantitative spectro-
eraphic examination of these materials was made as a matter of
record in the event the data would be needed to explain other find-
ings of this or future studies. IData were obtained also on dust
control methods, ventilation, and composition of mine atmospheres.
Measurements of barometrie pressure, temperature, and humidity
were made as a matter of record, but results are not included in this
report. Measurements were made of natural underground ionizing
radiation, but since no levels of consequence were observed in any
working place, results are not reported.

The sampling method was designed basically to indieate the time-
weighted average dust exposures of underground employees in the
conduct of specific and typical operations. The weighted average
exposure represented the average dust concentration, expressed in
millions of particles per cubic foot of air (mppef), to which an
employee was exposed over an entire working shift. To make this
determination, the workman being observed was followed during the
complete shift and samples of airborne dust were collected in his
breathing zone at 30-minute intervals. The time-weighted average
concentration of all samples was then ealculated, taking into account
the different activities involved thronghout the shift in conducting
the observed operation. The procedure may be represented by the
equation—

_@Xh)+ (Xt + . . . +(daXla)

Dia 7

in which

D) oo= full-shift weighted average dust exposure, mppef
dy oy, =average dust exposures during each activity comprising the
full shift, mppef
tits,fy="time spent in each activity comprising the full shift, hours
'=total time of shift, hours
=f1+£2+ Sl L

The underground sampling procedure was designed to obtain
enough weighted averages to insure that the study was representa-
tive of conditions and operations at each mine. The minimum num-
ber of places and operations to be sampled in a mine was based
upon the following criteria:

L. At least 20 percent of all locations at which ore or waste was
produced.

2. At least two of each type of working place. For example,
\f four drifts were working, at least two (50 percent) would
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be sampled. Tf three raises were working, at least two
(66.7 percent) would be sampled. If only two stopes were
operating, both would be sampled. As a result, the small-
er mines usually would yield a larger number of samples
in proportion to number of employees than would the larger
mines, In several of the smaller mines every ore-produc-
ing place (usually only two or three) was sampled.

3. Any other location in which sampling was necessary to ob-
tain representative data.

In addition to these observations underground, samples of air-
porne dust representative of the working environment were col-
lected in the surface installations that were considered to be parts
of the mine properties. The effects of surface weather conditions
were not evaluated because each mine was surveyed but once even
though studies were conducted in all seasons of the year.

GEOGRAPHY AND GEOLOGY OF ORE DEPOSITS

Locations of the mines included most mining areas of the con-
tinental United States. Surface elevations ranged from approxi-
mately 500 feet to 11,000 feet above sea level. Most metals mined
in the United States were represented in the study. Geologic in-
formation was based principally on data received from the mine
operators. Tablé IV.2 relates the host rock with alpha quartz anal-
vses. These analyses were used to determine the members of each
group in the table,

TABLE IV.2.—Host rock and alpha quartz correlalion

Alpha quartz,
Group Hiogt rock Commodity bulk samples,
percent !

1 | Andesite, ealecite gangue_...| Gold, silver . ... ... ... 05
2 | Quartzite, quartz monzonite_| Gold, silver, copper, lead, zine, 21-75

cobalt, molybdenum, mer-

cury.
3 | Schist, slates, shales_ _____. Gold, silver, copper, lead_ __ __ 4-54
4 | High silica limestone, dolo- | Gold, silver, copper, lead, zine, 9-67

mite. molyvbdenum, mereury, iron,

tungsten. I
5 | Rhyolite, granite__________ Molybdenum, manganese, 060

mereury.
6 | Chert, opalite________.___._._.| Mereury, iron._.. .- ._._. 2-10
7 | Basalt, peridotite__________ Copper, chromium___________ <1-12
8 | Low silica limestone_______| Copper, lead, zine, iron__..____ <1-9
9 | Predominately sandstone.__| Uranium, vanadium_________ 42-95

i Composite ore sample; assay sample over 30-day pericd,
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The study ineluded mines producing virtnally every metal mined
in significant commercial quantities in the United States. No ap-
parent relationship was found between dust concentrations and the

commodity being mined.

MINING METHODS

Two or more mining methods, or modifications of methods, fre-
quently were used at the same mine: however, one principal stoping
method usually was characteristic of each mine. Various mining
methods are described in detail by Jackson and Hedges,! * Jackson
and Gardner; Peele and Bucky.* Underground operations other
than stoping included exploration, development, material handling,
transportation, and maintenance. Distribution of mines by prineipal
mining method is shown in table I'V.3.

TABLE IV.3.—Distribution of 67 mines according to principal mining method

Mining sethod: Number of mines
Blook chpinr .o s i e S o e o e e e S e 9
0 Tt R ) o e E e et o o il e T s T s ST St i
Sribleval atoiies: o e e e R e S e e L
Room:immd pllae: L Ll s N e il 16
Shrigsikage Boies. .o oo o e e e 3
CutsindEl_ T e TR 10
P I ] ) P e S I v o Wl DB e s L o s B e e 11
g L 1 L R e W e e 1
105 i LR v r iy o e L e e I 1
B i A e e L r rer P 1

SURVEY METHODS

The midget impinger ® © was the standard instrument used for sam-
pling airborne dust. This instrument was used for several reasons:
(a) The impinger has been used as the dust-assessing instru-
ment in most major studies in the United States in which
prevalence of silicosis has been correlated with concen-
trations of airborne dust to which workers have been
exposed. As these studies date back more than 25
years, and have served in large part as the basis for pro-
mulgation of threshold limit values for dust in occupa-
tional environments, adherence to use of the impinger
in the current study would permit a comparison of results

with the findings of past investigations.

*Numbers refer to reference list at the end of the chapter.
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(b) The Bureau of Mines, the Public Health Service, and other
agencies have used the impinger in studies of dust con-
ditions in the mining and mineral industries for many
years, and a large amount of information on dust con-
centrations in terms of impinger results has been accu-
mulated in the course of these studies.

(¢) Most mining companies in the United States that conduct
dust surveys have used the impinger in evaluating dust
conditions and dust control methods. Thus, use of the
impinger in the current study would facilitate interpre-
tation of results by company personnel concerned with
dust control.

Although the midget impinger was used as the standard dust sam-
pling instrument, field and laboratory research was conducted col-
laterally to compare results with results obtained by other methods.
A brief history of atmospheric dust sampling and evaluation is pre-
sented in another section of this report.

Dust concentrations (mppef) were determined from samples
collected with the midget impinger using redistilled, dust-free,
ethyl alcohol as the collecting medium. Portions of the collected
samples were counted in Sedgwick-Rafter cells by a light-field
method and using a midget microprojector ? fitted with a zirconium
arc lamp with iris diaphragm.® Settling time for dust particles in
the cells before counting was 30 minutes. Particles larger than
5 mierons as measured in a horizontal plane were not counted. Lim-
its for acceptance of agreement between counts on two cells rep-
resenting an individual sample were determined by use of the
curves shown in figure IV.1.

Samples of airborne dust for particle-size distribution determi-
nation were collected on cellulosic membrane filters held in a brass
filter holder attached to a midget impinger pump. Fifty-five of
these samples were evaluated by use of both an optical microscope
and an electron microscope.

Quantitative free silica (alpha quartz) analyses were made by
the X-ray diffraction method described by Ballard, Oshry, and
Schrenk * using modern equipment. These analyses inecluded (a)
airborne dust collected by high-volume samplers in ore transfer
areas in mines and crusher areas in mills, where enough airborne
dust was present to permit collection of samples in the amount re-
gquired for analysis; (b) settled dust from mine and mill walls,
timbers, rafters, and equipment: (¢) composites of assay samples
representing mine ore. The emission spectrograph'® was used to
analyze samples semiquantitatively for metallic elements.

Mine atmospheres were sampled with vacuum type air-sample
containers * for determination of carbon dioxide, oxygen, and ni-
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FIGURE IV.1.—Acceptable counts for two cells from the same sample.

trogen by use of gas-volumetric type apparatus** and for determi-
nation of carbon monoxide by a sensitive colorimetric method.™
Total oxides of nitrogen (except nitrous oxide) were determined by
the phenoldisulfonic acid method.* At the time of the study, port-
able mmstruments specifiec for determination of nitrogen dioxide were
not available for field use. Check tests for carbon monoxide were
made in the field by use of portable instruments.

FieLp PROCEDURES

The size of the field party and number of days required to com-
plete the study at each mine were estimated from preliminary data
obtained from each mining company. The number of men em-
ployed was used to make a rough estimate of the number of im-
pinger samples to be collected. However, the actual number col-
lected at each mine was dependent on conditions, the intent being
to obtain sufficient samples to assure that results were representa-
tive of all conditions at the mine.
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While some members of the field party set up a temporary lab-
oratory at each mine, others obtained information of a general na-
ture, including size of mine, number of employees, production, and
other necessary data.  After surface and underground working places
were observed, sampling locations were selected to represent all
routine working conditions. At least 20 percent of each type of
underground operation was sampled: in smaller mines a larger per-
centage of working places was sampled. All sampling locations
were chosen by Bureau of Mines personnel.

Midget impinger samples of airborne dust in underground work-
ing places were collected either in the workmen’s breathing zones
or as close as practicable to their breathing zones. These samples
were taken generally at 30-minute intervals during the entire shift,
and included all activities comprising the operation that the work-
man was performing., Results of these samples provided the basis
for caleulating a time-weighted full-shift average dust exposure re-
lating to each operation studied.

Three or four midget impinger samples were collected at each
surface location where men were employed, and in underground
locations such as skip pockets, dumping points, and repair shops.
Experience indicated that dust coneentrations in these locations did
not fluetnate sufficiently to warrant full-shift sampling.

At the start of the study approximately 1,300 midget impinger
samples were counted in the field laboratory within 24 hours of col-
lection, and recounted in the Burean of Mines Denver laboratory 1
to 3 weeks after collection. Comparisons between field laboratory
counts and Denver laboratory counts indicated that the average
variation was less than 4 percent.

Throughout the study approximately 25 percent of the midget im-
pinger samples collected at each location were counted in the field
laboratory within 24 hours of collection. At the completion of the
survey at each mine, dust concentrations determined from these
samples were used as a basis for verbal discussions with mine offi-
cials. The remaining samples were counted in the Denver
laboratory.

A total of 18,079 midget impinger samples of airborne dust was
collected ; 14,837 underground and 3,242 on the surface. Table TV.4
shows the distribution of the samples in respect to location or
operation.

In addition to the midget impinger samples, numerous samples
were taken for free silica analyses, particle sizing, air quality analyses,
and other special data. Table IV.5 lists all samples collected during
the study.
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TABLE IV.4—Number of midgel impinger samples collecled for delermination of

atrborne dust concentralions

Samples
Location or operation
Number Percent

Total. _ e T L S S o ST 18, 079 100. 0
e e s B e T e R e e R G 6, 701 37. 1
I e e e e e T s s 2,171 12. 0
ENAEE e e e e e e 8949 5.0
L s e s e e S S 120 il
Tindarsranndiheaabe. - oo -0 == e e e e 202 11
SEipand-clutee. .o cesroieeiocccscioZzozocZozoosa: 546 3.0
DO e - B e e e T 1, 430 7.9
A A g = 205 (54 |
BT Sl T e S e e S . R UL R 1, 149 f. 4
THEE T T o e O R PR e e L (0 e o 126 i
Repairmen underground. - oo 229 1.8
Gunite and conerete crews underground . . ____________. 200 1.1
Miscellaneous mobile equipment underground._ . ______. 285 1.6
Miscellaneous employees underground ... _____. 114 .6
Maintenance and repair (surface)_____________________ 1, 114 6 2
Crushers (underground and surface) .. ... ... ... ___._ 459 2.5
Mills (underground and surface) ___ ... oo ... 1, 145 6. 3
) R o S e P L S e 196 1-1
L5 Fr T2 T Lo AT 8 e e o S o s S e s S s e 150 9
Lirn sl be dneg i e Rl b & B N A e e S E e 94 ]
Operating miseellaneous equipment (surfaee) __ ... _____ 23 ik
General air (intake and return airways) __ .. ___________ 368 2.0
General nir KEnrfaee) . L ol 144 .8

TABLE IV.5.—Samples collected during the study

Type Number Purpose

b T e R S b e e 19, 974
Midget impinger_ _ . __._______ 18, 079 [ Dust concentration
Airborne dust. . ccmeccmmmnoaoo 82 | Free silica
Bettled dust. - o e ae 234 | Free silica
Bl e i 82 | Free silica
Cellulosic filter. ..o ccooeeo... 481 | Particle size
Cellulosic filter . _ ... .. _______ 307 | Radiation
Vacoum bottle. . __ . _____ 614 | Air quality
Thermal precipitator_ ... __ .. 45 | Comparison with midget impinger
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TuresHOLD LiMmiT VALUES

Through the years those concerned with the health of workers in
industry have endeavored to develop information on concentrations
of atmospheric contaminants that may exist in industrial working
environments without producing ill effects upon workers as a re-
sult of their occupational exposures. Such information has been
developed through laboratory research and through studies in vari-
cus industries where medical examinations of workers have been
used to correlate their health status with the extent of contamination
of the atmospheres in which they have worked. Such information
has been made available, through various means, to those respon-
sible for maintaining suitable working conditions in industry to
provide them with guidelines to follow in establishing effective
control measures.

At the first annual Conference of Governmental Industrial Hy-
oienists (now the American Conference of Governmental Industrial
Hygienists) in 1938, it was decided that “one of the important ob-
jectives of the conference would be to collect and make accessible
to all industrial hygiene workers such information and data as might
be of assistance to them in proper fulfillment of their duties.”

The first list of maximum allowable concentrations compiled by
the conference was presented in 1942, and consisted merely of an
assembly of information available at the time. This first list was
presented without comment as to the validity of the data.

A more formalized list of maximum allowable concentrations
or “threshold limit values” was issued by the American Conference
of Governmental Industrial Hygienists in 1946.'°

This list was issned with the definite understanding that it be sub-
ject to annual revision, a policy which has been continued by the
conference. This list contained the following suggested threshold
limit values for mineral dusts:

High silica (above 50 percent free silica, Si0.)—5 million
particles per cubic foot of air.

Medium silica (5-50 percent free silica, Si0.)—20 million
particles per cubie foot of air.

Low silica (below 5 percent free silica, Si0.)—50 million
particles per cubie foot of air.

When the study of dust conditions in metal mines was started by
the Bureau of Mines in 1958 these threshold limit values were still
in effect '™ and were the gunidelines suggested to mine managements
during the field study. At the 1962 meeting of the American Con-
ference of Governmental Industrial Hygienists new threshold limit
values were adopted.’® Reasons for the change in threshold limit
values are to be published by the American Conference of Govern-
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mental Industrial Hygienists. These new values were based upon
the formula :
250

TLV, mppef= %-;_}%Em
to express threshold limit values in terms of millions of particles
per cubic foot of air. In this formula free silica content refers to
airborne dust. The American Conference of Governmental In-
dustrial Hygienists emphasizes that the values “should be used
as guides in the control of health hazards and should not be regarded
as fine lines between safe and dangerous concentrations. They
represent conditions under which it is believed that nearly all work-
ers may be repeatedly exposed, day after day, without adverse
effect. The values refer to time-weighted average concentrations
for a normal workddy.” *®

Both the 1958 and 1962 threshold limit values are used in this re-
port merely as bases or guidelines for subsequent discussions, and
are not intended to represent inflexible boundaries or lines of division
between conditions found in the mines studied, nor does their use in
this report necessarily represent endorsement by the Public Health
Service or the Burean of Mines.

The threshold limit values for siliceous dusts suggested by the
American Conference of Governmental Industrial Hygienists re-
late to time-weighted average concentrations that represent expo-
sure throughout a normal workday. The weighted average exposure
is derived from the results of multiple samples collected through-
out the workday, each sample being weighted according to the pro-
portion of the workday that it represents. The sum of these
weighted values is the time-weighted average exposure. An indi-
vidual dust concentration determined in such a group of samples
cannot be considered, of itself, as being above or below the thresh-
old limit value. However, the threshold limit value provides the
only logical baseline, or point of reference, for considering the po-
tential of each sample in contributing to the weighted average expo-
sure. For this reason individual samples that could contribute
significantly to weighted average exposures exceeding the 1962
American Conference of Governmental Industrial Hygienist thresh-
old limit value are designated in this report as representing “exces-
sive dust.”

In areas where experience demonstrated that dust concentration
did not vary significantly throughout the workday, the arithmetic
average dust concentration was determined by multiple sampling
during the workday. Such arithmetic averages are considered in
this report in the same sense as time-weighted averages.
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RESULTS OF ENVIRONMENTAL STUDY

PARTICLE S1ZE

Particle-size determinations by optical microscopy were made
from 481 cellulosic membrane filter samples, usually collected in
the breathing zone of surface and underground workers perform-
ing routine operations. Fifty-five of these samples were divided
each into two sections, one section being evaluated by the optical
microscope, the other section being evaluated by the electron mi-
eroscope. A microprojector with ruled screen and a 1/12a, 1.32
N.A., oil-immersion objective afforded a total magnification of 10,-
000 for optical microscope determinations, with a resolution of about
one-fourth micron. Comparative determinations of partiele-size
distribution were obtained by use of the electron miecroscope with
magnification of 9,000 to 10,000 diameters with a resolution of about
0.005 micron.

Table IV.6 shows a comparison of results obtained by optical and
electron microscopy. Statistical correlation between companion
reometric mean diameters determined on the same samples by elee-
tron and optical microscopy was inconclusive, and the standard
deviations yielded by the two methods were seldom in agreement.
Nevertheless, the median geometric mean diameter determined for
each group of samples by electron microscopy, with a resolu-
tion of 0.005 micron, is very near in value to the corresponding me-
dian determined by optical microscopy. Thus, even though good
statistical correlation between results by the two methods was not
found, it can be econcluded from the comparison of medians that
there was not a preponderance of submicron particles too small to
be detected by optical microscopy in the samples examined.

TABLE IV.6.—Comparison of 55 particle-size analyses by electron and oplical

microscopy
Median of geometric means,
5 micron
Number of Operation
Bamples

Optical Electron

microscope microscope
TR B T SV P 0. 37 0. 3%
C | s 8 T e Lo S . a0 . 42
] 5 TV T g . 38 . 33
4 ATT eleaner IntEke s s s s i s s s s e s e . 39 . G4
3 | Air cleaner exhaust.________._______. . 40 . a8
Rl 1 R S e e e . 29 . 34
T e NEemallayeams: - - oo s . 35 .25
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Table IV.7 shows the frequency of occurrence of ranges of geo-
metric mean particle diameters for the 481 samples sized by optical
microscopy. Figure IV.2 shows the same data in graphic form.
The median geometric mean diameter for the 481 samples was (.36
micron. Almost 80 percent of the samples yielded geometrie
mean diameters within the range of 0.26 to 0.45 micron, that is,
within ==0.10 micron of the median value; and almost 95 percent of
the samples had geometric mean diameters of 0.50 micron or
smaller. It is of interest to note that the medians of geometric
means determined by optical microscopy for wvarious operations
as shown in table IV.6 are, with one exception, within ==0.05 micron
of the median value for all 481 samples.

Standard geometric deviation was quite variable within each
range of geometric mean particle diameter as shown in table IV.7.
In general, the range of standard geometric deviation decreased
with increasing geometric mean particle diameter. The variability
from one sample to another of both geometric mean diameter and
standard deviation made impractical any effort to prediet the con-
centration of submicron particles for any operation or group of
samples on the basis of particle-size results and impinger counts,

In general, examination of the samples collected indicated ranges
of particle sizes that included appreciable portions of all sizes that
would be retained in the alveolar spaces of the lungs.

TABLE IV.7.—Particle-size characleristics of 481 samples examined by optical

microzeopy

Number of | Frequeney of Hange of standard
samples OCCUFPEnce, Hange of geometric means, micron geometric
percent deviations

40 B.31 | 0.25andamaller. - e 1. 87-4. 49

Bl A e e e e 1. 65-3. 93

130 o B e i e i o e L 1. 60-4. 25

122 AL A (BT B ST ) i s e S 1. 50-3. 59

k] 1B P 1 G e B R L e e Bl Pt e 1. 52-3. 26

35 gl T L g R T e e S 1. 74-3. 33

10 L R I e 1 o W (i L, 2. 19-3. 24

i e B e e s e 2. 32-3. 14

5 et 1T S TR e Lon 2. 36~2. 76

2 w2 L= T e e e 2. 51-2. 60

1 ot BN BT B e [ G e e S e e o e e 2. 82
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FIGURE IV.2.—Frequency distribution of geometric mean particle sizes.

Free SiLicA CoNTENT OF Dust

Eighty-two samples of airborne dust, 234 samples of settled dust,
and 82 bulk (ore) samples were collected and analyzed for free
silica (alpha quartz) content during the study. The samples of
airborne dust were collected with a high-volume sampler which was
operated by a 110-volt motor and therefore could be used only at
locations where a suitable power supply was available. Conse-
quently, most of the samples of airborne dust were collected either
in mill and erusher buildings on the surface, or at underground
locations such as shaft stations and dumping points. These samples
were of necessity collected during rather short intervals and may
not have been representative of continuing conditions. In some
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mines it was not possible to collect enough airborne dust for analysis
within a reasonable time, even with the high-volume sampler.

The samples of settled dust were collected more generally
throughout the working areas of all the mines studied, and repre-
sented dust generated by the mining operations over extended pe-
riods of time. Only the portions of these samples that passed a 325-
mesh screen were analyzed for free silica. The bulk samples
were, in most instances, composites of ore assay samples and pos-
sibly contained inordinate proportions of materials that would not
become airborne. Of the samples of airborne dust that were ana-
lyzed for free silica content, about half the results were in close
agreement (exact or within plus or minus 2 percent) with the
analyses of settled dust from the same mines.

The results of the analyses of the 234 settled dust samples which
were taken in the 67 mines were used to classify the mines in re-
spect to free silica and as the bases for determining the threshold
limit values applicable at each mine. Table I'V.8 shows the number
of mines in the various free silica ranges, and the distribution of
employment among these groups of mines.

TABLE IV.8.—Free silica content of seltled dust at 67 mines

Ranges of free sillca, percent

-5 10 10-20 H-30 a0—40 40-80 | Over 50| Total

Number of mines. ____.____ k] 11 16 12 1 5 4 a7

Percent of mines____| 13. 4 | 16. 4 | 23 9 | 17.9 | 14. 0 Tioh 6.0 100, 0
Number of men_____ 1,972 |2, 536 |4, 606 |4, 354 |6, 624 201 217 |*20, 510
Percentof men_ ____| 9.6 | 12.4 | 22. 4 | 21.3 | 32 3 1.0 1.0 100, 0

*More than 50 percent of natlonwide emplayment at underground metal mines in onderground and
surface operations af thme of study,

Figure IV.3 indicates the percentage of the midget impinger sam-
ples in the various free silica ranges.

Dust CONCENTRATIONS

During the study 789 full-shift weighted average exposures in un-
derground operations were determined, invelving collection of
14480 midget impinger samples. These determinations were based
upon full-shift sampling of the environment of individual workmen
engaged in various mining operations, taking into account the dif-
ferent activities involved in each such operation, and time-weight-
ing each activity in respect to the overall operation. The full-shift
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FIGURE IV.3.—Percentage distribution of midget impinger samples by range
of free silica content.

sampling provided a representative evaluation of dust exposures re-
lated to specific operations, but it is emphasized that results of the
full-shift determinations apply only to operations, as such, and are
not meant to classify the total underground mining population into
various degrees of dust exposure. It may not be assumed that dis-
tribution of men among the various operations has been or will con-
tinue to remain constant throughout the industry. Moreover, eval-
uations on the full-shift basis represented conditions existing only
at the time of sampling and may not be considered indicative of
past or future conditions.

Figure IV.4 shows the 789 weighted average exposures in the 67
mines studied, plotted to indicate weighted average dust concentra-
tion and free silica content in relation to both the threshold limit
values in effect in 1958-61, when the study was conducted, and those
adopted by the American Conference of Governmental Industrial
Hygienists in 1962, Based upon the 1958-61 threshold limits, 44,
or 5.6 percent, of the weighted average exposures exceeded the lim-
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its; whereas, on the basis of the 1962 threshold limits, 104, or 13.2
percent, of the weighted averages were above the threshold limits.

Table 1V.9 shows results of the full-shift weighted average expo-
sure determinations in relation to the threshold limit values in effect
during the study, 1958-61, and to those adopted by the American
Conference of Governmental Industrial Hygienists in 1962. In the
table the 67 mines studied are grouped according to frequency of
occurrence of weighted averages above the respective threshold
limits. In respect to either set of threshold limit values, the data
in table IV.9 show that a few mines contributed a major portion of
the full-shift weighted averages that exceeded the limits. The table
also shows distribution of the underground mining population at
the time of the study and distribution of the 789 weighted average de-
terminations among the groups of mines.

It is emphasized also that although some mines had no weighted
average exposures in excess of suggested limits, some individual
impinger samples in all the mines studied contained excessive dust,
showing that improved dust control was needed at these particular

spots.

TABLE IV.9.—Distribution of weighled average exposures that exceeded threshold
limil values*

TUndergreund mining Weighted ﬁﬂl‘&Fe eXpPOSUres Over Weighted average
Mines studied population threshold limit values eXpOsUres
determined
Number | Percent | Wumiber | Percent Per mine Tatal | Percent |Number| Percent
of total of men of total of total of total
On basls of 1938-61 threzhold Hmits
46 68. 6 8, 6290 61. 5 0 0 0 499 63. 2
13 19. 4 3, 041 21. 7 1 13 29. 6 175 23 .2
3 4. 5 230 6.1 Z 6 13. 6 a7 4.7
2 a.0 316 2.3 3 6 13. 6 21 2T
1 1. 6 316 23 4 4 9.1 16 2.0
2 3.0 852 6. 1 5 and over 15 34.1 41 5.2
BT | 100D | 140000 | B0 [ il 44 1100, 0 789 | 100 0
: On basis of 1962 threshold limits
30 44. 8 4, 821 a4. 5 0 0 0 293 37. 1
14 20. 9 2, 9RO 21. 3 1 14 13. 5 179 22. 7
10 14. 9 1, 136 al 2 20 19. 2 1040 12. 7
5 1.5 204 BT 3 15 14. 4 52 6. 6
2 3.0 417 3.0 4 B Tl 28 S
(5] 8.9 3, 843 27. 4 5 and over 47 45. 2 137 17. 4
g | T00cO | 14,0000 B0 0 | e e 104 | 100.0 T89 | 100.0

*0f 789 full-shift weighted average exposures determined in 67 mines, 44, or 5.6 percent, exceeded the
1958-81 threshold lmit values; and 104, or 13.2 percent exceeded the 1962 threshold limits.
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UNDERGROUND—(GENERAL

Although the average concentration of dust in all samples collected
at an underground mine has little or no bearing on the exposure of
an individual miner, this “mine average” may be useful as a
measure of the effectiveness of dust control.

Figure IV.5 shows the averages of all midget impinger samples
collected underground at each mine in respect to dust concentration
and free silica content.

Figure IV.6 shows the distribution of all midget impinger samples
collected underground in respect to dust concentration and free silica
content.

No marked differences were evident in the distribution of airborne
dust concentrations in the mines in the different free silica ranges.
This indicates, in general, that the same degree of attention was
being given to dust control in low silica mines as in high silica mines.

UNDERGROUND OPERATIONS

The type of mining method employed usually has an important
effect on production of dust, and therefore has a bearing on dust
control procedures required. Selective mining usually requires
smaller equipment and results in a lower tonnage per employee
than full scale mining, such as in block caving.

Table IV.10 is a summary of underground occupations for which
8-hour weighted average exposures were caleulated. This summary
included miners in stopes, raises, and drifts. Transportation em-
ployees included haulage crews, diesel truck drivers, shuttle car op-
erators, and hand trammers. Maintenance and construction employ-
ees included conerete crews, gunite crews, and motor grader operators.
Other employees included were exploration drillers, rock bolters,
and shaft, station, winze and sump miners.

Table IV.15 gives additional data on individual sample groups.

Figure IV.7 shows the percentage of midget impinger samples in
the various ranges of dust concentration for each principal under-
ground operation, as well as for some miscellaneous mining opera-
tions not readily classified in respect to mining method.

Of the 14,837 results of impinger samples shown in figure IV.6,
1.440 samples, or slightly less than 10 percent, are considered to
represent excessive concentrations of dust. Discussion of these 1,440
samples, and conditions contributing to the excessive concentrations, is
essential in order that proper recommendations may be made for cor-
rection of these conditions.
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TABLE IV.10.—0Occupalional dust exposures, underground, weighted averages

Oecupation Number of Number of Weighted awer-
places samples ages mppel
Sublevel cave miners_ _ _ _ ... _._.... = 111 1, 746 85
Block cave miners_ - oo oo 113 1, 725 7.0
Room and pillar minera_ . __________ 103 1, 592 7.1
Shrinkage stope miners. __ .. ________ 15 227 5 4
Open stope MiNers. - - - ccccmcean- 42 651 4.4
Bquare-set miners_ __________.._.___ 138 2,102 3.3
Cut and fll minera oo oo oo oo BT 1, 322 3.2
Topelice miners. - - - oo .o o oo 6 97 2.8
Tranaportation:-s=c - iv o o P 123 1, 767 5.2
Maintenance and construction .. __._._ 20 305 13. 8
8] e e e al 292 4,0

Man Trips—Four percent of the midget impinger samples col-
lected during operation of man trips contained excessive concentra-
tions of dust. These high concentrations were caused by recircula-
tion of air, dusty equipment, and dry roadways.

Slushing—Eighteen percent of all samples collected during slush-
ing operations contained excessive concentrations of dust. This
was due principally to inadequate ventilation, recirculation of air,
and lack of sufficient water before and during slushing operations.
This is one of the principal sources of dust in mining, and rigid con-
trol methods are essential if the general levels of dust concentra-
tions throughout the mine are to be reduced to any appreeciable
extent.

Mucking—Fourteen percent of all midget impinger samples col-
lected during machine and hand mucking contained excessive con-
centrations of dust. These high concentrations were usually the
result of inadequate ventilation, recirculation of air, lack of sufficient
water before and during mucking operations, and excessive use of
blowpipes.

Timbering—Only 3 percent of the samples collected during tim-
bering contained excessive concentrations of dust. and in most cases
contaminated air from other sources was a contributing factor.
During removal of old timbers, dislodgment of settled dust
sometimes created a problem.

Dvilling and Looding Holes.—Approximately 11 percent of the
samples collected during these operations contained excessive concen-
trations of dust. In addition to improper ventilation, collaring of
holes dry, inadequate use of water, and defective equipment were
the principal deficiencies noted. One sample, collected while a drill
was operated ‘dry for 3 minutes, contained 460 mppef. Use of
blowpipes, coupled with substandard ventilation, created excessive
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FIGURE IV-T.—Ranges and percentages of dust concentrations underground.
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concentrations of dust while blowing out holes, which usually was
an operation of short duration performed on the average of once each
shift.

Tramming.—Nine percent of the samples collected during tram-
ming operations contained excessive concentrations of dust. This
was due to improper ventilation, including recirculation of air, in-
adequate maintenance of roadways, and inadequate maintenance of
equipment.

Loading and Dwmping Cars—In these operations 15 percent of
the samples contained excessive concentrations of dust. Improper
ventilation, lack of sufficient water to wet the muck thoroughly, and
excessive use of blowpipes, both to free muck in the chutes and to
loosen the ore in the cars at the dumping points, were the principal
factors involved.

Skip Tenders—Skip tenders were exposed about 19 percent of
the time to excessive dust concentrations. These concentrations
were due usually to the same factors that were influencing the load-
ing and dumping operations. In addition, the muck was often much
drier, due to increased exposure to the ventilating currents.

Between O perations—Approximately 1,450 of the midget imping-
er samples collected underground were taken during waiting peri-
ods. Men would be waiting for smoke to clear after blasting, for
supplies, repairs to equipment, or in many cases, for another train
of empty cars before resuming slushing or mucking operations.
Seven percent of these samples contained excessive concentrations
of dust. In most instances, the dust was created by other opera-
tions and was carried to the men by the ventilating current. Men
were inclined to wait near the scene of operations, rather than re-
treat to a relatively dust-free area. This was especially noticeable
where men were waiting for fumes and dust to clear following a
blast. In some cases, where several stopes were ventilated by one
continuous current of air, dust from one stope would be carried con-
siderable distances to men who were waiting downwind.

Eating Lunch—Approximately 5 percent of the midget impinger
samples collected while men were eating lunch contained excessive
concentrations of dust. In some instances men ate in or close to
the working area and were subjected to residual dust in the air, or
to dust being carried in the ventilating current from another source.
Men frequently entered heated lunchrooms, and when their damp
clothing began to dry, considerable dust would be liberated in the
lunchroom in which there was no positive cireulation of air. Toose
plank flooring in lunchrooms was another source of dust. When
this condition was pointed out to one company, the plank floors were
replaced with floors consisting of 2 by 4’s placed on edge, and spaced
about one-half inch apart. These floors were then washed twice daily.
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Conerete and (Gunite Crews.—About 15 percent of the dust concen-
trations determined in connection with concreting and guniting op-
erations were excessive. Concentrations in excess of 100 mppef
while conereting and in excess of 500 mppef while guniting, were
cbtained. Handling of dry materials, and such practices as loosen-
ing sand and cement by beating on the sides of metal mine cars with
hammers, contributed to these high concentrations. Approximately
25 percent of the employees engaged in this work wore approved
respirators.

Rock Bolting—About 12 percent of the samples collected during
rock-bolting operations contained excessive concentrations, and in
most cases, these were the result of inadequate ventilation. Water
was used throughout all drilling operations for rock bolting.

Mobile Fquipment Operators—These operators were exposed to
excessive concentrations of dust in 15 percent of the cases. Most
of this was the result of crawler-mounted equipment slipping on hard
bottom, poorly maintained roadways, and inadequate ventilation.

Barring Down—Seven percent of the samples collected during
barring down operations contained high concentrations. Much of
this was due to a buildup of dust due to inadequate ventila-
tion. Often the ventilating current was insufficient to remove dust
from previous operations, such as blasting, especially when the work-
men returned to the area very shortly after blasting.

Breaking Boulders—Fifteen percent of the midget impinger sam-
ples collected while breaking boulders contained excessive concen-
trations of dust. These boulders were broken usually by one of two
methods: secondary blasting, which required the drilling of short
Loles, or by use of sledgehammers. Many of these short holes were
drilled dry, and excessive concentrations of dust were generated.
Boulders being broken with sledges were often coated with dry
dust which was dispersed as the boulders were broken. On several
oceasions, recireulated air from another operation added to the dust
load.

When excessive dust concentrations were present, improper ven-
tilation was often a contributing factor. Lack of sufficient air move-
ment would result in a buildup in dust concentrations, even in such
loeations as lunchrooms. Air that was recirculated from another
dust-producing operation often added to the general dust load.
Some examples follow: (a) Employees walking along a haulageway
were exposed to concentrations of 24 mppef. This was due to
dust from other operations being carried along the haulways by the
ventilating current. (b) Men barring down in a raise were exposed
to air containing 40 mppef. There was no perceptible movement
of air, and a buildup of dust was evident. (c¢) During slushing op-
erations in a drift in which there was no perceptible movement of
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air, concentrations of 70 mppef were measured. (d) During
another slushing operation, 6,000 c¢fm of air was passing the slusher
operator. This air was being recirculated from another area and
contained 37 mppef of dust.

It was evident that merely introducing large volumes of air into
a mine was not sufficient to assist materially in reducing dust con-
centrations in the working areas. To derive full benefit from all
air entering a mine, it is essential that the secondary air currents
be properly controlled. Recireulation must be avoided as much as
practicable, and each working arvea must be supplied with clean air
delivered at sufficient velocity to sweep the area, and in sufficient
volume to dilute dust concentrations to aceeptable levels.

MiLrs AND CRUSHERS

A total of 1,683 midget impinger samples was collected in the mills
and erushers, 1.258 on the surface and the remainder underground.
Of this number, 13 percent contained excessive concentrations of
dust. Table IV.11 is a summary of the samples, and figure IV.8
shows the distribution of the samples in the various ranges of
concentration and free silica content.

TABLE IV.11.—Midget impinger samples collected at surface and underground
mills and crushers

] S8amplez containing excessive
Number of coneentrations of dust
Loeation samples
Number Percent
s e s Gl e T 1, 683 219 13.0
L L e e e L S 1, 145 108 0. 4
B g T o T P o 459 08 21. 4
Aggayers inmills. - - oo ooo oo 79 13 16. 5

Mills—Slightly over 9 percent of the midget impinger samples
collected in the mills contained excessive concentrations of dust.
Many of these high concentrations oceurred during cleanup opera-
tions, such as sweeping dry floors and using compressed air to re-
move accumulations of dust. Spillage from conveyors was another
factor; also the lack of suitable dust control measures at transfer
points along the conveyor lines.

C'rushers—About 21 percent of the midget impinger samples col-
lected in the crusher areas contained excessive concentrations of
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dust. Crushing is inherently a dusty operation, and extreme care
is essential to prevent the dust from becoming airborne. Improper
maintenance of equipment, resulting in leakage around joints, and
poor cleanup practices, were evident in many cases. Lack of dust
collecting systems and lack of effective ventilation in the buildings
were confributing factors.

Assayers in Mills—Assayers, when collecting samples, were fre-
guently subjected to the same concentrations of dust as other em-
ployees working in the mills and around crusher operations. In
many instances, the assay laboratory was located in the mill. TLab-
oratory procedures included the pulverizing of ore samples, and high
concentrations of dust resulted when exhaust ventilation systems
were inadequate or nonexistent. The use of airhose by the assayer
when cleaning up equipment also was a contributing factor. The
pulverizing operations nsually were of short duration, and in 25 per-
cent of the eases, the assayer wore a Burean of Mines approved
respirator. Sixteen percent of the midget impinger samples col-
lected while assayers were working around mills, and in laborato-
ries located in mill buildings, contained excessive concentrations
of dust.

Suaoprs AND OTHER SurrFAceE LocATiONS

A total of 1,660 midget impinger samples was collected in the
shops, hoistrooms, and other surface locations. Of this number, only
6.7 percent contained excessive concentrations of dust. Table TV.12
is a summary of the samples, and figure IV.9 shows the distribution
in the various ranges of concentration and free silica content.

TABLE IV.12—Midget impinger samples collected at surface locations

Samples sontaining exceszive
Number of eoneentrations of dust
Location or eperation samplies e
Number Percent
A L e e e 1, 660 112 6. 7
T - e et e e S L ol e 1, 032 T Taid
Toplanders and hoistmen____________ 231 0 0
Aggay laboratories_ . _____________._ 117 a2 18. 8
I BT e o 0 0 0
Bullgangs and pumpers_ _ __________. 62 0 0
Conecentrate loaders_ _ ... .. _.._._. 50 14 28. 0
Shovel, compressor, crane, and truck
ORAERLOTE. o o e 66 0 0
Conorete planta. ool 18 3 16. 7
Band blasters._ .o oo iii s e 9 0 0
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Shops.—In the shops, 7 percent of the 1,032 midget impinger sam-
ples collected contained high concentrations of dust. Lack of ex-
haust ventilation was apparent in many locations. Sweeping up dry
materials was another factor. The practice of cleaning off ma-
chinery by use of compressed air often contributed to the dustiness
of the atmosphere.

Assay Laboratories—Assayers sampled in this category included
only those working in laboratories which were not located in the
mills. About 19 percent of the samples collected in these labora-
tories contained excessive concentrations of dust. Pulverizing of
ore for assaying created considerable dust, and the use of airhose
to clean up equipment tended to keep the dust suspended for some
time. In 25 percent of the cases, the assayer wore a Bureau of
Mines approved respirator while operating the pulverizing
equipment.

Concentrate Loaders—These employees were engaged in loading
the concentrates for shipment, either by truck or by rail. The con-
centrate was usually dry, and caution was required to prevent
dissemination of dust into the atmosphere. Of the 50 midget im-
pinger samples collected, 28 percent contained excessive concen-
trations of dust. As this usually was a part-time operation, the use
of approved respirators might offer at least a partial solution.

Conerete Plants—Few men were employed in concrete plants.
Their function was to premix concrete for underground use. Of the
18 midget impinger samples collected in concrete plants, 3 con-
tained excessive concentrations of dust.

Other Operations—A total of 443 midget impinger samples was
collected at various surface loeations and during various operations.
There was some question as to the efficiency of air-supplied helmets
during sandblasting operations. Nine samples collected inside the
helmets contained very low concentrations of dust. Two hundred
and thirty-one midget impinger samples were collected in hoistrooms
and around the shaft collars while toplanders were performing their
normal duties. None of these samples contained excessive concen-
trations of dust. None of the 75 midget impinger samples collected
while dumpmen were working on the surface contained excessive
concentrations of dust.

One hundred and twenty-eight midget impinger samples were col-
lected where equipment operators, pumpers, and general laborers were
working. None of these samples contained excessive concentrations of
dust.

Table TV.13 is a summary of oeccupational elassifications for
which arithmetic averages, rather than weighted averages, were
calculated, ag dust coneentrations in operations of this type remained
fairly constant over a full shift.
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Table IV.14 is a summary of all midget impinger samples used to
determine full shift weighted average exposures of underground em-
ployees performing various operations. The total number of midget
impinger samples listed in this table exceeds the number actually col-
lected for this purpose by approximately 10 percent, as numerous
samples were used to determine exposures during two or more opera-
tions, Forexample, during the period in which a sample was collected,
a haulage crew might load, tram, and dump cars. This sample would
be used to indicate exposures during each operation, and thus would
be recorded three times in table TV.14.

The number of places sampled, number of samples taken, and
the high sample and average dust concentrations are shown in
groupings as to locations both surface and underground in table
IV.15. 1In all loeations, the lowest concentration sampled contained
less than 1 million particles of dust per cubic foot of air.

TABLE IV.15.—0Occupational dust erposures, surface and underground

Locations Number of Number of | High zample Average
places smples tmppef) (mppef)
BURFACE
Shops:
Machinist—mechanie_ . _ _ __ 74 260 20 2
Plbskeriitie . - oo C e 42 176 50 3
Welder. - ... -- P s e 43 152 390 18
Bit sharpener. .- - ccccvona. 14 60 130 7
DPrill dostor. . oo oo oo 16 a7 10 2
1 7 T A THT ) e e 34 108 20 2
AT ] e e e 35 127 25 1
Sandblasber_ ... ... .. .._... 3 9 E! 2
Concrete batch plant oper-

(15 ) iy B gl o ol (] 18 40 10
Bweeper- o oo oo o 3 6 30 5
R S e 15 50 5 1
TinEmithe s . oo o fi 17 fi 2
Baw filer o aos G 16 5 1

Surface mine service:
Toplander: _ . _______ Ui . 22 65 3 1
Holst Al . e cenanmmmas o 54 166 3 1
Power shovel operator______ 3 10 2 1
Truck driver. ccccascan=sna 3 10 i 3
Crane operator_ .. ... _.__.. 5 20 60 b
Compressor operator_______ 9 26 ] 1

Crusher (surface and under-

ground):

R T e e e e 20 75 25 3
Primary erusher operator. .. 48 175 il 9
Secondary crusher operator__ 21 75 110 10
Conveyor belt operator___ .. 57 192 530 11
Woodpicker. . oo oo oooooo.oL 15 52 85 6



TABLE 1V.15.—0Occupational dust exposures, surface and underground—Continued

Loecations Number of MNumber of | Highsamplo Average
places snmples {mp {mppel)
sURFACE—continued
Crusher (surface and under-
ground)—Continued
Fine ore storage_ _ _________ 38 122 70 6
Shaker screen or grizzly
OpReEraboT: o e 24 70 45 5
Sweeper or cleanup man. ... 3 13 270 30
Mill (surface and underground):
Grnding e 47 179 13 2
Flotation operator. . .o -co-- 32 117 12 o
Shaker table operator_ _ ____ 10 48 8 2
Thickener and filter oper-
abor iooscsoiiesiies=ias 17 fi5 125 4
Kiln operator_ . .. ___-.__._. 11 36 15 2
Concentrate loader. ________ 16 a0 340 14
Fimpaie S nss s o 13 42 i 2
Bl e A 4 12 20 3
Reagent mixing_ __ ________ 14 52 450 25
Assay office. o oo oo . 47 106 120 13
Hoisting (surface and under-
ground):
Underground hoistman _ . __ 31 04 40 2
Skiptender. .« ccccccccnaaaa 47 310 100 9
R e et 19 76 11 2
UNDERGROUND
Haulage and dumps:
Convevor belt operator_ _ ___ 5 43 20 5
Griszlyman. o ---cccoaoooo 27 140 170 9
Chitepaller. ..o s oaos 13 106 130 11
IMepRtoher: . oo S Lo fi 18 20 4
Mine maintenance:
Bulldozer operator._ _ . ____. 3 17 (i 14
Timber repairman_________ 43 385 170 (]
Yentilation crew.__ ... ..-:¢ 3 30 12 2
Trackiorew. oo e oot 22 101 7 3
Mechanies = oo ae Se e a8 224 Al 4
Electrician. . ccccocacannca. 13 44 a0 4
Eiallidoetors - S o ® 24 12 2
1w 04 e S e 13 55 7 1
D o e e 10 67 11 2
Exploration :
o] [ e e S e 7 29 55 16
Diamond driller_ _ _________ 20 118 25 2
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TABLE IV.15.—0Occupational dust exposures, surface and underground— Continued

i Vo | e | Tohme | s
UNDERGROUND—continued
Open stopes:*
Stope miner.. . ___..___. 16 244 45 3
FET o v ) pe i R e e 3 42 20 3
Raise miner_______________ 2 28 130 10
A e s e R P I 14 225 40 4
Trackless loader operator. .. ) 79 12 3
Draw-point mucker oper-
o R e g L b 2 33 370 1 g
Room-and-pillar stopes:*
Btope miner. . oo acnaaaas 25 393 145 3
Drift miner. - e eeenaa- 8 129 170 8
Stopedriller_______________ 40 602 520 8
Trackless loader operator _ . 15 236 90 a9
AloEher. . e e m 12 182 190 12
Powderman - - ococcneoon M 3 a0 25 7
Shrinkage stopes:*
Stope miner_______________ 11 168 70 6
Drift Miner. - covcnncnnnns- 2 a2 40 6
Scram drift slusher operator_ 2 27 7 4
Cut-and-fill stopes:*
Stope mineroccceccccceena- 50 T63 180 3
BTy e 1 o) e B U o 20 207 a0 3
Baise Minel. .o ewsensness T 106 120 5
Btope Aller. . oo iceiuna- 10 156 90 3
Square set stopes:*
oS NS o B7 1, 337 100 3
DR Iner e 22 340 a0 3
Raize miner.cccccenansanas 17 241 410 4
Slusher operator___________ 4 58 40 2
StopaRller . - oo 8 126 a70 10
Block cave stopes:*
Stope miner (chute tapper). 4] 252 700 B
Undercut miner. - - - cacaaas 5 76 60 4
|00 i v e a5 538 a0 3
Raise miner- - . oo cae oo 0 17 259 370 10
Sublevel cave stopes:*
Btope miner.-_ < .cooliaia 49 770 175 ]
B IiDneT s - o 29 455 200 fi
Ralfe mMinerc oo s oot tas (] 101 170 i
Longhole driller_ . . . ._._.__. 6 94 320 30
Slusher operator____.______ 20 311 120 11
Bhope fBlers s s iiiani e 1 15 20 10
Top-slice stopes :*
Btope miner__._____________ 6 a7 24 3

See footnote at end of table,
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TABLE IV.15.—Qceupational dust exposures. surface and underground—Continued

Locations Number of Number of | High sample Average
places samples (rppael) (mppe
UNDERGROUND—continued
Transportation:*
Locomotive crew._ . _.______ 102 1, 509 340 5
Tenankdyimer. i Eoie e 3 B 45 4
Shuttle car operator________ 15 170 20 5
Hand trammer. .- _________ 3 22 12 3
Maintenance and construction :*
Clonerete orew. - oo 15 299 170 i
Gupiteerew . - - 1_ 2 30 G670 80
Motor grader operator._____ 3 46 16 3
Mizcellaneous:*
Shaft, station, winze, and
SUMP MINer. - oo eee e 26 317 55 3
Rock:-bolter—_ . . . __% 5 75 100 9

*The averages shown for these occupational groups are weighted averages, All others are arithmetic
AVErAECS.

Dust CoNTROL

Dust control and dust evaluation programs were in effect at 40
mines. The ventilation, safety. or industrial hygiene departments
were usually responsible for these programs. Continuous dust mon-
itoring was routine at many of these mines, and a spot-sampling
method was used at the remaining mines in this group. These pro-
grams permit detection of sources of high dust concentrations and
institution of proper control measures. Most of the usual dust con-
trol measures, such as application of water, adequate ventilation,
and use of dust collecting devices, were well known to the industry.
In most cases, when substandard conditions were found by person-
nel conducting this study, they had resulted from failure to recog-
nize or apply these well known principles. Table IV.16 lists some
of the effective measures used to reduce dust exposures.

TABLE IV.16.—Measurez to reduce dust erposures

Underground :
1. Sufficient primary ventilation,
2. Auxiliary fans and tubing for secondary ventilation.
3. Wet drilling.

4. Wetting down of muck piles, before and during slushing.

3. Air-water blasts.

6. Water sprays at grizzlies, loading. transfer and dumping points, in in-

take and return airways, and along haulageways.
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TABLE IV.16.—Measures to reduce dust exposures—Continued

Underground—Continued

7. Wetting down of surface areas around air intakes.

8. Off-shift or end-of-shift blasting.

9. Hydraulic filling in preference to dry filling.

1. Loeation of employee with respect to dust generating operation.

Surface :
Exhanst fans and hoods.
st collectors.
Water sprays and hoses.
Enclosed or enclosed and pressurized cabs and booths.
Filtered air systems.
Supplied-air helmets.*
Roof ventilators.
IMnderground and surface:
Alr conditioning.
Dmst eollectors. -
Good housekeeping practices.
Application of caleium chloride or oil on haulageways.
Dust respirators.*

e T i R e

bl ol L o

*Not recommended for long intervals; to be used only when dust control
measures are not practical.”

Some of the more common practices that produced high dust con-
centrations in working places are listed in table IV.17.

TABLE IV.17.—Practices that caused dusty conditions

1. Failure to make proper use of primary or secondary ventilation. In some
rases recirenlation of alr resulted in blasting fumes and dust generated
at one loeation being carried to employees working downwind.

Collaring of holes dey, or drilling with an insufficient volume of water.

3. Use of blowpipe to clean roadways, pockets, and to clear holes drilled for
blasting.

Use of airhammer without dust control.

Poor housekeeping and cleanup practices.

L

4=
-

5]

VENTILATION

Ventilation is needed for the comfort and efficiency of mine-
workers. Well directed ventilation is desirable in every underground
working place to replenish oxygen and to remove or dilute harmful
gases and dusts®? To insure proper ventilation in each working
place, it is essential that a sufficient volume of air be introduced
into the mine, preferably by means of electrically operated fans.
The air must be properly cirenlated so that fresh air is delivered to
each working section. Some mechanical means of secondary ven-
tilation is then usually necessary to assure that sufficient air of
good quality is coursed to the individual working places.
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The total volume of air entering each of 53 mechanically venti-
lated mines was measured. Data could not be obtained on five other
mechanically ventilated mines because of numerous openings to the
surface. Nine mines included in the study relied on natural
draft for ventilation. Table IV.18 is a summary of ventilation rates
at the 53 mines.

TABLE IV.18.— Ventilation rates at 53 mines with mechanical ventilation

Ventilation Up to 20,000~  50,000- 100,000- Ovwver
rates, efm 20,000. 50,000 100,000 250,000 250,000

Mumber of 3 15 11 13 (]
mines.

Table I'V.19 lists methods of ventilation in working places in which
midget impinger samples of airborne dust were collected.

TABLE IV.19.—Methods of ventilation in underground working places

Convection
Number In-line Fan with Com- or natural | Alr velocities
Mining method of places flow or without | pressed draft insufficient
tubing alr* sufficient Lo mMeasure
L0 Measure
Total _____ 583 136 178 21 42 211
Percent of
total. - .. 100 23 30 4 7 26
Topalica. . .- ---.- 4] 0 4 0 0 5
Development. ... _ 10 1 6 0 0 0
Shrinkage_______. 12 5 2 0 0 5
Open stopes_____. 39 5 2 5 8 19
Cut and fill stopes._ 58 14 29 0 2 13
sublevel cave_____ 104 14 a3 3 14 410
Block cave_. .. ... 116 23 27 9 i 50
Room and pillar. _ 56 9 17 0 6 24
Square set_ ______ 184 62 58 4 5 55

*Alr operated fans, and compressed air used only for ventilation. Does not Include exhanst air from
drills and other air-operated equipment.

ComposiTioNn oF MINE ATMOSPHERES

Samples of mine atmosphere were collected at each mine for de-
termination of air quality. Such samples were collected only in sit-
uations where the quality of the air might be suspect, and did not
reflect average conditions in the mine. For example, samples were
collected in locations where men returned to the working place
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Compressed air and water mist spray used during blasting cyele in headings.
(Courtesy of The Anaconda Co., 1963.)

shortly after blasting. Samples were collected in all mines where
diesel equipment was operating, and in the main returns at each
mine. Management was notified in all instances when analyses
indicated contaminants in the mine atmosphere in excess of sug-
gested limits. Table IV.20 is a summary of all air samples collected
under these conditions.

Mine air is considered to be of good quality when it contains at
least 19.5 percent oxygen, and not more than 0.5 percent carbon di-
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oxide, 0.01 percent carbon monoxide, or 5 parts per million of nitro-
gen dioxide. As field instruments specific for detection of nitrogen
dioxide were not available when the study began, the air samples
were analyzed for total oxides of nitrogen (except nitrous oxide), for
which the suggested limit was 25 parts per million

As shown in table IV.20, 2 percent of the air samples collected con-
tained carbon dioxide in excess of the suggested limit, 5 percent ex-
ceeded the suggested limit for carbon monoxide, and 4 percent
exceeded the suggested limit for oxides of nitrogen. All samples col-
lected contained at least 20 percent oxygen.

TABLE IV.20.—Composition of mine almospheres

Constltuent Range of concentration Number of Fercemt of Cumulative
samples total percent
Percent by volume
Carbon dioxide_ .| Total. oo mecccmnanaaas 307
0.03-010_________ 153 al 50
D1-0:20: oo 91 a0 B0
021-030 ________ <28 9 89
031-0040.______. 23 T 06
041-050_.______. (i} 2 08
Over 050 ________ (i 2 100
Percent by volume
Carbon monox- | Total. - e v o e ccaccanan 300
ide. ;
None detectable_ .. 203 68 68
Less than 0.0025_ _ 21 T 75
Not over 0.005__ __ 26 9 B4
0.005-0.01________ 33 11 05
Over 0.01.....__.. 17 b 100
Parts per million
Oxides of nitro- | Total. _ _ oo 276
Eeﬂ_ *  —
VR o, ot bl i 158 57 b7
W e ft ot ot e a9 14 71
et 1) e SRR a6 13 84
1B Lo BB O R 19 7 a1
TR=30k e R T 9 3 04
L o R e 5 2 a6
[iger 88w o 10 4 100
Fercend by volume
Oxygen....._...| None under 20.

*Total oxides of nitrogen, exeept nitrous oxide, N20. Portable instruments specific for determination of
nitrogen dioxide not avallable for feld use ot time of study,
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Concrusions oN Dust ProbuctioNn AN CONTROL

The foregoing discussion of observed conditions in underground

and surface operations leads to the following conclusions:
1. The effective use of the ventilating currents in the working
areas was indicated as a problem which needed immediate

attention.

2. Water applied to the muck piles will assist materially in re-
ducing dust concentrations during subsequent operations.

3. Drilling, slushing, and crusher operations were the most
prolific dust-producing operations to which men were
directly exposed.

4. Dust concentrations in shops, except during cleanup opera-
tions, presented no particular problems,

5. Better maintenance, cleanup procedures, and dust control
measures were indicated around crusher installations and
concentrate loading.

6. Tt was noted, incidentally, that ventilation often was inade-
quate during welding operations.
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Part B—History of Dust Sampling and Comparison of
Methods

Since the development in 1886 of the sugar tube for the collection
of airborne bacteria and its subsequent application in the collection
of airborne dust, various methods for the evaluation of man’s ex-
posures in dusty industrial environments have been suggested, and
improvements in methods of collection and measurement of par-
ticulate matter have been made. During this period several meth-
ods of evaluation developed in the United States, Great Britain,
(Germany, and other parts of the world have gained some measure
of acceptance and use. Table IV.21 lists in chronological order
some of these major developments.

Although research in the United States has continued on other
methods of evaluation, since the early 1920°s investigators in this
country have almost exclusively utilized standard or midget im-
pingers for sample collection, and light-field microscopy for counting,
in the measurement of exposures to pneumoconiosis-producing min-
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eral dust. Threshold limit values used in this country for interpret-
ing the hygienic significance of exposures to such dusts are based
upon these techniques. As a consequence it is necessary, in studies
of dust exposures, to obtain data by these methods to permit com-
parison with past experience and with the accepted standards.

Although the impinger sampling, light-field counting method as
applied in the United States has in the past, and continues now, to
serve well as a general index of exposure upon which dust control
may be designed or assessed, it does not define all of the factors
believed to be of physiological importance in exposures to pneumo-
coniosis producing dusts. No other method, or combination of meth-
ods, however, has been shown to define the long sought dust
exposure—physiologic response relationship, nor is there complete
agreement among investigators regarding the measurable parameters
which will define this relationship. Knowledge regarding the ex-
posure-response relationship can be furthered, however, by con-
tinued study and application of a varlety of environmental
assessment techniques both in the laboratory and the field.

Throughout the course of the 1958-61 dust exposure study the
standard methods of impinger dust sampling and light-field micro-
scopic counting were applied for the determination of atmospheric
dust concentrations. Cellulose ester membrane filters were used
for the collection of atmospheric dust samples for the determina-
tion of particle-size distributions by optical and electron micros-
copy. Dust samples obtained underground for free silica analysis
were, for the most part, settled dust samples, although a limited
number of high volume filter- and electrostatic precipitator samples
were obtained in mines where electric power was available in suit-
able locations for operation of the sampling equipment. At surface
operations settled dust samples, and high volume filter and electro-
static precipitator samples of airborne dust, were obtained for free
silica analysis. Free silica analyses were performed on the portions
of settled dust which passed a 325-mesh screen.

The application of special sampling techniques in the routine dust
exposure study was limited. Special studies were, however, con-
ducted in laboratories of the Public Health Service and the Bureau
of Mines, and in selected mines, to compare the results obtained
with several additional dust sampling and quantitation techniques
to those obtained by the standard methods used in the routine sur-
veys. These were comparative studies and were not directed to
determining occupational exposures per se.

Comparative data were obtained for the following situations or
combinations of sampling or quantitation techniques:

1. Standard light field and phase contrast mieroscopic counts
of midget impinger samples.
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9. Various combinations of simultaneous or companion sam-
ples with midget impingers, cellulose ester membrane fil-
ters, thermal precipitators, and a light seattering aerosol
photometer in mines and laboratories for particle count
and size distribution.

3. Settled dust and companion airborne dust samples for free
silica analyses of various fractions separated according to
particle size.

Eighty-four midget impinger samples obtained at various min-
ing operations were counted both by the standard light-field micro-
projector method as used throughout the dust exposure study and
by phase contrast microscopy using a 16-mm. (10 power) 0.25-N.A.
objective. Since dust particles are detected in light-field mi-
croscopic observation by their interference images and in phase
contrast microscopy by images resulting from phase shift between
diffracted and undiffracted light, which enhances contrast for cer-
tain particles, a difference in concentration resulting from counts
of the same sample by the two methods may be expected. Never-
theless, the data show a strong relationship between the two meth-
ods; the phase contrast count was ordinarily about 1.2 times higher
than the companion light field count.

Dust concentraticns as determined by light-field and phase con-
trast counts of midget impinger samples were compared with the
concentrations caleulated for companion samples obtained by vari-
ous other methods. Companion samples were obtained with mem-
brane filters, thermal precipitators, and a light scattering aerosol
photometer. They were obtained both at mines under normal work-
ing conditions and from a laboratory dust chamber under controlled
conditions. The coefficients of correlation and ratios of dust con-
centrations yielded by midget impinger sampling and companion
samples by these other methods are shown in table ITV.22.

In general, the correlation between impinger results and results
by other methods ranged from nominal to good for individual field
or laboratory situations in which factors such as particle-size dis-
tributions and states of agglomeration would be expected to be rea-
sonably constant. Combinations of data representing a variety of
situations in which factors such as size distributions and states of
agglomeration could be different resulted generally in lower values
for the coefficient of correlation. Even in cases of good correlation
between results by two different methods, the ratio of concentra-
tions determined by the two methods might differ substantially from
unity. This is to be expected since the methods used may: involve
such differences as observation of different portions of size distri-
bution curves or the results by the methods being compared may be
affected differently by the state of agglomeration of the airborne
sample.
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As stated earlier, free silica determinations have customarily been
made on those portions of settled dust samples which pass through a
325-mesh sereen. Because airborne particles of different particle sizes
do not penetrate and are not retained in the alveoli and noneilliated
lung passages in equal proportions, the free silica content of dust
in various size ranges is of interest. Relatively few dust particles of the
density of quartz and of size greater than about 4.5 microns equiva-
lent diameter penetrate and are retained in the alveolar spaces.

Settled dust samples obtained from various locations in mines
and at surface operations were screened through a 325-mesh screen.
A portion of each sereened sample was air elutriated to obtain a frac-
tion containing only the particles less than 5 miecrons in diameter.
Chemical analysis of these smaller than 5 micron fractions invari-
ably vielded lower free silica contents than did analysis of the unelu-
triated portion of the samples which passed the 325-mesh screen.
In the 56 samples from 27 locations examined in this manner the free
silica content of the smaller than 5 microns fraction averaged 48
percent of that of the smaller than 325 mesh fraction. The analytic
results for free and total silica content of the samples from these
locations are shown in table IV.23.

TABLE IV.23,—Selfled dust samples: free and lotal silica conlent of screened
fracti-ns and free gsilica content of air elutrialed fraciions

Fercent free silica Percent total silica
Location
=325 mesh fraction Lezgz than § =328 mesh fraction
micreon fraction

e o A e : 63 35 7l
e et i G P e 52 28 ]
B el o S 21 40
i o B e e e e al 17 32
e S e g e A 0 9 46
Bossoeass P o L 27 18 28
S e gt e R 27 9 i1
e e e e P s e 26 9 43
L e (e N R e ity S 24 11 47
[ Rl e R S e S e s L 24 10 444
| R e i 21 13 40
1 B e 21 (i 49
IREEE N s e e e R 19 14 32
L e T o e e e 19 12 26
L e e e e e e e 15 T 31
[ P e S g = SRV SR, 17 14 43
L e 2 o e o e A 14 B 27
ittt st S S 14 o] 15
e e e 13 5 23
0 ot gl ot Sl W 1 = 12 4 23
2 [ o Ry S APy L ) 10 1 21
o 1 S SR et B glt S ple T 2 15
403 Ly L el N DI o -.| Less than 1...| Less than 1... 4-21
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It is recognized that size classification will occur as particles set-
tle out from the air, so settled material does not necessarily repre-
sent airborne material either in size distribution or composition.
Although the data obtained on these settled dust samples are strong
evidence that the free silica content of respirable dust is unlikely
to be the same as that of settled dust, they do indicate that some de-
finable relationship between the two may exist. Samples of the
respirable fraction of airborne dust, as such, were not obtained.
Electrostatic precipitator samples of total airborne dust were, how-
ever, obtained in nine underground working places from which
settled dust was taken. The average percent free silica for these
samples for each location was usually near that of the less than 5
microns fraction of the companion settled dust samples. The air-
borne dust samples averaged 53 percent of the free silica content
of the smaller than 325 mesh fractions of the settled dust while the
less than 5 micron fractions averaged 54 percent. Data for these
samples are shown in table IV.24. It should be pointed out that the
composition of either settled dust or airborne dust is expected to
vary from one location to another in a mine, and that airborne dust
is expected to vary more in composition than is settled dust.

TABLE 1IV.24.—Comparison of free silica content of screened and air elutrialed
Sfractions of sefiled dust wilh that of companion electrostatic precipitalor samples of
airborne dusl.

Percent free silica
Logation Bettled duat samples (18 samples) Eleetrostatic
precipitator
spmples

-325 mesh fraction | Less thnntfmmlcmn (27 samples)
iyt i L s 63 a5 10
B T 52 28 23
| D i i gy g a4 21 17
| T s e e al 17 18
[ e e A L 29 9 14
R s e, B R DR 27 18 16
Ll e i T N b ) 26 9 10
e Nl P 21 13 14
| e tim ol e B L it e Lt 19 12 18

Data from the supplemental studies, which have been summarized
here, are of no value at this time for assessing the severity of expo-
sure for interpretation by current standards. They may, however,
be of value for reference by investigators in the future who may use
instruments similar to those which have been used and may wish
some indication of the relationships between these methods, as
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applied at this time, and the midget impinger light-field counting
method as used in the present study.
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CHAPTER V

Medical Study

GENERAL PROCEDURES

Tue Mepicar stupy was undertaken to determine the prevalence
and severity of silicosis in employees of underground metal mines.
The study was based primarily upon standard size roentgenograms of
the chest, supplemented by medical and occupational histories, and
selected tests of pulmonary function. In an attempt to sample a large
segment of the metal mining population within a limited time, it was
decided not to undertake complete physical examinations or elinical
laboratory studies. As medical data other than the brief medical
histories were not obtained prior to or after the time of examination
at the mine site, there was no study of the development or progression
of the disease.

PERSONNEL AND FACILITIES

Medical examinations were made at each mining location by a field
team using mobile equipment. The team consisted of a physician who
completed the medieal and oeccupational history and sereened the
X-ray films as to quality, an X-ray technician for taking and process-
ing the chest roentgenograms, a technician for the pulmonary funetion
testing, and an administrative assistant for general administrative
and clerical functions. During the 3 years the team was in the field
there was occasional turnover and replacement of personnel, but every
effort was made to insure a continuity of upiform procedures,

The mobile equipment consisted of a self-contained X-ray truck
and generator with equipment for developing, washing, and drying
the exposed films. A viewbox was used to sereen the films for satis-
factory quality, so that workers with unsatisfactory films could be
brought back for reexamination. The second vehicle was a house-
type trailer fitted with an office for the physician and a laboratory
for pulmonary function testing. TLoghooks and printed forms were
available for recording all phases of the medical examination.
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Mines STUDIED

In general, it was planned to conduct medical examinations at
each mine where an environmental study was made. ITowever, this
was not possible in all instances. An environmental study was com-
pleted at 59 underground metal mines (nonuranium) and 8 uranium
mines representing a total of 67 mines. Medical examinations were
made at 50 metal mines. Nine metal mines were not included for
the following reasons: two mines were closed before the medical team
arrived: one mine was at a site inaccessible to the X-ray truck: one
mine declined to particiapte in the medical survey after the environ-
mental study was made; the mining operations of one corporation
were considered as four separate mines for the environmental study
and as two mines for the medical survey: and three mines where the
environmental study was conducted had no medieal examinations
although a separate study of past X-ray readings and work histories
was made at one of these mines. The 8 uranium mines inclnded in the
engineering study, although not identical with the more than 150
uranium mines which had some workers examined in the medical
study, were thought to show the type of conditions which might be
encountered.

ExaumiNnaTiON PROCEDURES

Those employees who volunteered to participate in the study were
asked to present themselves according to a prearranged schedule to
avold crowding and undue waiting. In most instances, examinations
were limited to off-duty periods, althongh in some cases, employvees
were allowed to visit the unit during working hours.

The entire examining procedure took about 20 minutes per mau.
Each participant was advised at the outset that the medical findings
on individunals would be held in the strictest confidence and would not
be divulged to the employee, the emplover, the union or others outside
the Public Health Service. Tt was explained, however, that should
the chest roentgenogram reveal a condition which was thought to
need immediate medical attention, the employee’s personal physician
would be notified if the Public Health Service was so authorized by
the employee.

Following the explanation of survey policy, each participant was
asked for certain basie information. A brief medical history was
then obtained. Although no physieal examination was performed,
height and weight were measured. A complete occupational history
was recorded and the prescribed pulmonary funetion tests and chest
roentgenograms were completed.
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Tue PopurLaTioN SAMPLE EXAMINED

The final decision as to whether a worker would present himself
for examination was a matter for individual choice. The benefits to
be derived from entering the examination program were carefully ex-
plained to all the men, but no coercion was applied. Rosters including
the names of all workers were supplied to the examining team. These
lists were kept up to date as the status of individual workers changed.
At the 50 metal mines studied there were 17,208 workers eligible for
examination. Of this number, 13,181 or 76.6 percent presented them-
selves for examination.

The proportion of the total eligible workers who came for examina-
tion was 90 percent or over at 8§ mines, from 80-89 percent at 19 mines,
T0-T9 percent at 12 mines, and less than 70 percent at 11 mines.

One way to learn if the workers who came for examination had dif-
ferent characteristics from those who did not come in was to study
the age distribution of the two groups. This type of analysis was pos-
sible using the available records from 36 mines which included 71
percent of all workers, Table V.I shows the percent according to age
of all eligible workers who were examined. It will be observed that
from 25 through 59 years of age three-fourths of the workers were
examined. A smaller percentage of the younger men were included.
Men 60 years of age and over were very slightly under-represented
compared with the middle age group.

Among underground workers 72.1 percent were examined as com-
pared with 78.4 percent for surface workers. The difference was con-
centrated in the groups under 50 years of age, while for workers above
this age the percent of underground and surface workers examined
was nearly the same.

There was a tendency for men to transfer from underground to sur-
face work as they become older and less fit for hard labor, but i1f
any large group of potentially silicotic older men failed to appear
for examination this table does not indieate it.

Apparently a wide variety of factors influenced the decision of the
workers to take or not take the physical examination. A major reason
for nonparticipation was absence from work at the time of the survey
becanse of vacation, temporary illness or other reasons. Failure to
come for examination was frequently attributed to the use of carpools
for commuting workers. In many instances, one man would not wish
to delay the other members of his earpool. Sometimes men refused to
come when they learned it was to be on their own time. Other men
had a dislike and suspicion of any medical examination. A determined
effort was made by the medical team to get all workers to come for
examination. Management and union help was solicited and various
publicity methods were used.
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Physician interviewing a miner.
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PROCEDURE OF MEDICAL EXAMINATIONS

Mebpicar. HISTORY AND SyMPTOMS

Each participant was questioned as to present or past history of the
following disease conditions: tuberculosis, pneumonia, pleurisy,
bronchitis, asthma, heart trouble, rheumatic fever, rheumatism, lead
poisoning, “dust on your lungs,” and mercurial poisoning. It was
felt that the answers to these questions would be helpful in evaluating
the chest roentgenographic findings. In addition, each worker was
asked whether he ever noted wheezy or whistling sounds in his chest
and, if so, whether these sounds occurred only with colds or at other
times as well. Frequency of chest colds attended by sputum produe-
tion was also recorded. Finally, a complete history of severity and
duration of each chest illness necessitating absence from work during
the previous 3 years was elicited (see figure V.1).

The symptom of breathlessness was evaluated in each case through
obtaining answers to a series of questions similar to those designed
by British investigators,® * for the purpose of quantitating this sub-
jective complaint.

FIGURE V.1.—Medical examination form

Medical history and symplomas

Have you ever had, or been told you had:
(If YER, check and give vear or years)

a. Tuberculosis : £. Rheumatic fever

b. Pnenmonia h. Rhenmatism

¢. Pleurisy i. Lead poisoning

d. Bronchitis j. Dust on your lungs

e, Asthma k. Mereurial poisoning

f. Heart trouble

Remarks

Does your chest ever sound wheezy or whistling? TES NO
If YER, only with colds? —_ Or at other times?

If you get a cold, does it usnally go to your chest? YES NO

(NOTE to examiner: Only record YES if more than half
of colds are followed by cough and sputum.
For those who never get colds, record NO; for those
who only have chest colds, record YER.)

During the past 3 years, have youn had a chest illness YES NO
which has kept you in bed, off work, or indoors at home?
If NO, check, not even fln?

*Numbers refer to list of references at the end of the chapter.
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If YES, give:
Doctor's diagnosis, if known Duration in days Year

Questions on breathlessness

Are vou troubled by shortness of breath ? YES NO
Check: Not even on hurrying on level or walking up a
slight hill?

If YES: Do you have to walk more slowly than men of your YES NO
own age when climbing hills or stairs?

Do you have to walk more slowly than people of your own age YES NO
on the level?

Do youn have to stop for breath after walking 100 yards or YES NO
after walking a few minutes on the level 7

Do you get short of breath while talking or undressing, or YES NO
are yvou ever too short of breath to leave the house¥

GRADING OF SHORTNES® OF EREATH
(after obtaining above answers) CIRCLE ONE

a. Is breath as good as other men of his own age and build 1
at work, on walking, and on elimbing hills or stairs?

b. Is patient able'to walk with normal men of own age and 2
build on the level but unable to keep up on hills or
stairs?

¢. Is patient unable to keep up with normal men on the 3
level, but able to walk a mile or more at his own
speed ¥

d. Is patient unable to walk more than about 100 yards 4
on the level without a rest?

e, Is patient short of breath on talking or undressing, or 5

or nnable to leave his house because of shortness of
breath?

OccuraTioNaL HISTORY

Starting with his present job, each worker was asked to reeall to
the best of his ability, the type, geographical location, duration, dust
control measures, and environmental conditions of each previous job.
Within the limitations of this method of personal interview, it was
hoped to obtain a reasonably valid and complete work history from
every participant. This information was recorded as seen in figure
V.2
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FIGURE V.2—0Occupational history form

Present job:

Dates: From: 185} to 1958,

Name of mine or company : Aeme MWining Co.

Town and State : Tall Pine, Idaho.

Kind of mine or industry: Lead-zinc.

I. Your job: Miner—=8quare sct stope.

IL. Actual work done : All mining tasks,

II1. Special conditions: Wet drilling—mechanical ventilation.

Previous jobs:

Dates ; From : 1946 to 1954.

Name of mine n'mxljany : djax Mining Co.

Town and State: Cenfralia, Ariz.

Kind of mine or industry : Copper.

I. Your job: Motorman.

I1. Actual work done : Chute puiling.

IT11. Bpecial conditions: Muek dry, natural ventilation.

Dates ; From: 1940 to 1946.
Name of mine or company :
Town and State : Various locations—Colorado.
Kind of mine or industry : Ranch Iaond.

I. Your job:
II. Actual work done:
III1. Special conditions:

CHEST ROENTGENOGR AMS

A 14- by 17-inch chest roentgenogram was taken of each partici-
pating worker. These films were taken using a 200-milliampere mo-
bile unit fitted with a 1.5-mm. aluminum filter. Each film was taken
at 72 inches with the worker in a posterior-anterior position. Ex-
posed films were developed in the unit, usually at the mine site, and
immediately screened by the team physician. In cases where the film
was thought to be technically unsatisfactory, the worker was con-
tacted when possible, and asked to return for a repeat roentgenogram.
If preliminary screening revealed a condition which was thought to be
of such a nature as to require immediate medical attention, such as
suspect cancer or active tuberculosis, the participant was advised to
see his personal physician. All films were then sent to the Occupa-
tional Health Research and Training Facility at Cineinnati for
recording and distribution to the panel of radiological consultants.
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PuLmoNARY VENTILATORY Funcrion TESTS

Two simple pulmonary funetion tests were performed by each par-
ticipant unless maximal respiratory exertion was thought by the team
physician to be contraindicated. These tests were obtained by a tech-
nician who had been trained to urge the maximum effort for each
subject. His work was frequently observed by the team physician in
an effort to assure a high standard of performance. Test results
which were thought to be technically unsatisfactory were so labeled.

The two tests that were performed were the forced expirogram and
the maximum forced expiratory flow rate. The forced expirogram
was obtained with the use of a 6-liter Collins recording vitalometer.
Forced vital capacity and 1 second forced expiratory volume were
measured using this method. In addition, the ratio of 1.0 sec. FEV/
FVC was calculated. The maximum forced expiratory flow rate was
measured by means of the peak-flow meter desceribed by Wright and
McKerrow.®

Forced Expirogram

Following an explanation and demonstration of the test by the
technician, the subject was asked to take a maximum inspiration,
place the mouthpiece of the recording vitalometer well inte his mouth
and blow out as hard and as fast and as long as possible. The sub-
ject was repeatedly urged to obtain his maximum effort. The test
was repeated several times in order to obtain three satisfactory re-
cordings. From the resulting kymograph tracing, the forced vital
capacity (FVC) and first second forced expiratory volume (FEV,)
were caleulated, Of the several tracings obtained, the one curve
demonstrating the best FVC was used in caleulating FVC, 1 second
FEV, and FEV,/FVC.

Maximum Forced Expiratory Flow Rate

This test of maximum flow rate or peak expiratory flow (PEF) was
accomplished by asking the subject to take a deep breath, as for the
forced spirogram, place the mouthpiece * of the instrument into his
mouth, and then to blow into the Instrument as hard as he could.
The results of the test were read directly from the dial as liters per
minute and recorded. The test was repeated several times and the
best effort taken as the subject’s final score.

*The disposable mouthpieces provided for the Colling vitalometer were also
nseid for this test with the peak—flow meter. The internal diameter of the
mouthpiece was three-fourths inch.
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Conditions of Testing

Tt is emphasized that these tests were made under field working
conditions in a house-type trailer, and at the various mine sites in
different parts of the country as previously described. Ample time
for careful training and testing of the metal mine workers was avail-
able during some working schedules, while others were necessarily
somewhat hurried owing to uncontrollable circumstances. All
workers were repeatedly urged to make their best effort. The ambient
temperatures within the trailer were not utilized in the caleulations of
the pulmonary function measurments, but they were usually about
25° C. Since temperature corrections were not made, the values ob-
tained included some degree of error. However, since this error
was introduced in all measurements, the comparisons between groups
of subjects were not affected. Temperature control was facilitated
by scheduling the visits to mines in northern states in the summer
months, and to the southern states during the winter. Workers were
tested at all times of the day with relation to the working shifts but
principally before or after the daily work shift.

Analyses of the pulmonary funection data could not be completed
satisfactorily in time for the preparation of this publication, but
certain preliminary analyses and interpretations based upon a simple
multiple regression calculation technique are presented in appendix A.

CHARACTERISTICS OF WORKERS EXAMINED

AcGE aAND OCCUPATION

Tables V.2 and V.3 show the age of metal mine workers according to
principal occupation and present occupation. The principal occupa-
tion was the type of work performed during more than half the time
a man was engaged in metal mining with the additional provision
that all persons who worked 10 years or more at the mine face were
classified as face miners. The present occupation represented the
kkind of work a man was doing at the time he was interviewed for the
medical examination, Execluding persons who had not worked
steadily at any one job, the principal occupation for almost three-
fourths of the workers was located underground. Workers according
to principal occupation were distributed as follows: Underground
face, 47.1 percent:; underground transportation, 11.2 percent ; under-
ground maintenance and construction, 10.4 percent; other under-
ground work, 5.9 percent : surface transportation, 2.7 percent ; surface
maintenance and construction, 9.5 percent; surface mill, 6.9 percent;
and other surface workers, 6.3 percent,
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TABLE V.2.—Principal occupation of workers al 50 melal mines* according lo age

Age in vears
Principal ocenpation Total
Under 35 2544 45-04 55 and over
MNumber

Ly 1 7 | S 12, 487 4 136 | 3, 627 3, 184 1, 540
Underground total_____. 8,485 | 2,792 | 2,559 | 2,127 | 057

i et e o A 5, 330 1, 728 1, 678 1, 332 502
Transportation________________ 1, 265 473 350 307 126
Maintenance and construction__| 1,171 381 321 312 157
Other underground work_______ G669 210 201 176 82
Burface total____________ 2, 870 755 790 K33 492
Transportation. ... ____. 307 K5 106 82 34
Maintenance and construection_ _| 1, 074 242 280 247 205
1%l | (B & o e i S L TiT 249 190 224 114
Other surface work_ ... ....._. 712 179 214 180 139
No prinecipal occupation__._____| 1, 182 589 278 224 91

FPercent

Total. e ol LD 3. 1 20.1 25. 5 12. 3
Underground total_______| 100.0 33.1 30. 3 25.2 11. 4

B L B e T, iy i 100. 0 32. 4 31. 5 25.0 11. 1
Transportation. - - .. __-___ 100. 0 37. 4 28 4 24 2 10. 0
Maintenance and construction. .| 100. 0 32. 5 27. 4 26. 7 13. 4
Other underground work._______ 100. O 31. 4 30. 0 26. 3 12. 3
Surface total . __ .- ____ 100. 0 26. 3 27.5 200 17. 2
Transportation. .cccceacvaao-o| 10000 7. 7 34 5 26. 7 11. 1
Maintenance and construction_ .| 100, 0 22. 5 26. 1 32.3 19. 1
0 F B ot e e 100. 0 32. 0 24. 5 28 8 14. 7
Other surface work . ____ .. ____._ 100. 0 25. 1 0.1 25.3 19. 5
No principal oecupation__..____ 100. 0 490. 8 23. 6 15.9 * P |

*Exelades uraninm mine workers.
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TABLE V.3.—Present occupation of workers at 50 melal mines* according lo age

Age in years
Present oceupation Taotal
Under 35 3544 I 4554 ‘ 55 and over
Number

I3 Ao [ e L 12, 487 4 136 3, 627 3, 184 1, 540
Underground total______. 8,838 | 3,179 | 2,672 | 2116 871

T e . oo & 4, 474 1, 788 1, 474 043 269
Transportation_______....._._.| 1, 468 564 413 350 141
Maintenance and construetion__| 1, 818 505 468 518 327
Other underground work.......| 1, 078 322 317 305 134
Surface total_____ ______. 3, 649 957 055 1, 0G5 669
Transportation. .- . -..-- 424 108 143 113 60
Maintenance and construction_ .| 1, 404 340 350 456 258
[Pl R e i S B 8298 200 207 245 146
Other surface work . - - oo oo - 023 209 255 254 205

Percent

6 S S N 100 0 33 1 20,1 25 5 12. 3
Underground total______.| 100.0 36.0 an. 2 240 9 8

| L R S e WS 1 M) 40. 0 33.0 21.0 6.0
Trangportation. .- ccococczoa- 100. 0 35. 4 28. 1 23.9 9.6
Maintenance and eonstruetion__| 100. 0 27. 8 oS 7 28 5 18. 0
Other underground work. . ..... 100. 0 29, 9 29, 4 28. 3 12. 4
Surfacetotal . __........| 100.0 26. 2 26. 2 29, 5 18. 3
Transportation. . ... cccnoas 100, 0 25. 5 a3, 7 28. ¥ 14. 1
Maintenance and construction. .| 100.0 24 2 24,9 32.5 18 4
T 11 e T R e S et 100. 0 33. 4 231 27. 3 16. 2
Other surface worle_ __ _______ __ 100. 0 LL13 fetd 27. 6 a27. 5 a2 2

*Exchudes uranium mine workers.

A ge distribution by principal occupation shows that surface workers
were older than underground workers: 17.2 percent as compared with
11.4 percent were 55 years of age and over. Faceworkers, and under-
ground and surface transportation workers, had a small proportion
in the oldest age group. Maintenance and construction workers, both
underground and on the surface, millworkers, and miscellaneous sur-
face workers showed a relatively large percentage 55 years of age

07-103 O-64—19
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and over. Similar age trends were observed when these workers were
classified by present occupation. The most marked difference was the
greater percent of young men currently employed as faceworkers.
This was due in part to the fact that all men with 10 years or more
at the working face were classified as faceworkers in regard to their
principal occupation.

YEARs IN PrincipAL OCCUPATION

Table V.4 shows the number of years that men had worked at each
of eight principal metal mine occupations. Workers with the longest
metal mining experience were found in surface occupations which
showed 11.1 percent of the total with 30 years or more, compared with
8.3 percent for the same duration group among underground workers.
The percent of employees with 30 years or more of experience was
13.8 for surface maintenance and construction workers, 13.4 percent
for miscellaneous surface workers, 12.6 percent for miscellaneous un-
derground workers, 9.2 percent for surface transportation workers, 5.6
percent for underground faceworkers, and less than 7 percent for un-
derground transportation and maintenance and construction workers
and surface millworkers,

Approximately one-fourth of the underground transportation,
maintenance and construction, and miscellaneous workers had less
than 5 years of metal mine experience. Among surface workers only
those in the mill had a similarly short experience. Other surface occu-
pations each had less than 18 percent in the under-3-year group.

YEARS IN PrRESENT OCCUPATION

Table V.5 shows that nearly half (47 percent) of all underground
workers had been at their present job for less than 5 years. A smaller
proportion of surface workers (38.7 percent) had been in their job
less than 5 years. Persons on the surface had been at the same job
longer than those underground. Except for millworkers more than
one-fifth of the workers in surface occupational groups had held their
present job for 15 years or longer. From 10.7 to 14.9 percent of the
groups of underground workers had 15 years or longer in the same
occupation.
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ANALYSIS OF MEDICAL FINDINGS

AnALYsIS OF CHEST ROENTGENOGRAMS

General Procedure

The chest roentgenogram is the most important diagnostic tool for
determining the prevalence of silicosis or most other types of pneumo-
coniosis in a study of an industrial population. It was recognized that
a careful and complete clinical study is necessary to appraise the nature
and degree of pulmonary disease and associated disability in a given
individual and should be made in hospitals and clinies where such
medical evaluations could be made. Nevertheless, experience over the
past several decades has shown that an X-ray survey in an industry
with a pneumoconiosis-producing dust hazard can give an accurate
cross-section index of workers with the characteristic X-ray film
changes associated with the disease.

In view of the importance of obtaining impartial and highly ex-
perienced physicians to read and interpret the chest roentgenograms
obtained in this study and to insure a minimum of error in film inter-
pretations, a panel of three highly qualified radiologists was selected
for the purpose. It was agreed that each would read and classify
each chest film independently without any knowledge of the miner
or his occupational history and submit their individual findings for
collation and analysis. Quarterly meetings of the panel were held
to discuss and resolve any areas of disagreement resulting from the in-
dividual readings. Finally a group reading or consensus was entered
on the records for each film. If any disagreement persisted, a majority
reading was entered.

Classification of Roenigenograms

In earlier studies of silicosis and other types of pneumoconiosis
made by the Public Health Service, several X-ray classifications of
pneumoconiotic chest films had been developed or adapted for the
purpose. These classifications were deseribed in some detail in Publie
Health Service bulletins reporting studies of granite cutters published
in 1929,° pottery workers in 1939,* of metal mine workers in 1942, of
anthracite miners in 1936,° of soft coal miners in 1941," and workers
in the diatomite mining and processing industry in 1958.

In the present study, the panel of radiological consultants agreed to
classify pneumoconiotic changes appearing in the chest films accord-
ing to the newly revised “International Classification of Persistent
Radiological Opacities in the Lung Fields Provoked by the Inhalation
of Mineral Dusts.” This revised international classification was

117



adopted at a meeting of experts in 1958, and was published and pro-
mulgated by the International Labour Office early in 1959.° Sets of
1.1.0. standard reference chest films illustrating the various cate-
gories of pneumoconiotic changes were distributed for use when they
became available.

The use of this descriptive classifieation permits a comparison of
the nature and degree of pneumoconiotic changes between employees,
industries and also between countries, thereby facilitating epidemio-
logical studies of pneumoconiosis problems and the evaluation of pub-
lic health programs for prevention of these dust-induced pulmonary
diseases. The I.L.O. classification is not intended to define pathologi-
cal entities, or to take into account the question of working capacity.
Tt has no relation to the legal definition of stages of pneumoconiosis
for compensation purposes. (See ch. VII.)

A slightly modified schematic representation of the 1958 T.I.O.
classification is shown in figures V.3 and V.4, All the films in this
study were classified according to this detailed scheme. In presenting
the data for the purpose of this report, the film readings were presented
in four broad groupings according to their relative degree of medical
significance. These groupings were as follows:

Negative films or no pneumoconiosis—healthy or normal chest.

Suspect films—*“suspect,” “doubtful,” or “borderline” silicosis.*

Small opacities including categories 1, 2, and 3—simple silicosis.*

Large opacities including categories A, B, and C—complicated
silicosis.*

It should be emphasized that these groupings were based upon ob-
jective chest film interpretations and were classified by a panel of three
experienced radiologists who had no knowledge of the individual
miner’s occupational history, medical history, or physical condition.
The classification is not intended to imply any degree of physieal
disability or to define pathological entities. The classification does
indicate that the films are consistent with a diagnosis of simple or
complicated pnenmoconiosis.

Roentgenograms Classified as Silicotic

In this study, a grand total of 14,959 persons appeared for medical
examination, Satisfactory chest roentgenograms were obtained upon
14,858 of these persons. Of these films, 522 were classified by the
radiological panel as consistent with a diagnosis of silicosis, resulting
in a erude rate of 3.5 percent for all 14,858 X-ray readings. In analyz-

*Although the I.L.0O. classification always uses the generic term “pneunmo-
eonfosis", the term “silicosis” is generally used in reporting the results of this
study since =ilicoziz iz the type of pneomoconiosiz commonly found in metal
miners exposed at mining operations in hard rock and silica-bearing ore hodies.
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ing positive film readings, 337 or 2.3 percent of the total were classified
as simple silicosis and 185 or 1.2 percent were considered to be com-
plicated silicosis. The ernde silicosis rate, therefore, for all metal
mine employees examined was 3.5 percent, of whom about one-third
were classified as complicated silicosis.®

X-ray findings on the total mining population examined in the
study might not present a true picture of the prevalence of silicosis
in the metal mines ineluded in the survey. A rather common situation
was the case of a silicotic miner who had also worked in other dusty
trades such as coal mining, foundries, or smelters for substantial pe-
riods during his working life. Therefore, persons employed for 5 or
more years in other dusty work, were excluded from the study group
upon which detailed analyses had been made.

In all there were 883 persons out of the grand total of 14,959 ex-
amined who were excluded from the study group for the following
reasons :

Workers with incomplete records. 130

Workers considered nonminers_ . oo B2

Workers with 5 or more years in other dusty work not related
et R R - e et B s e b s i 671
Total exeladed oo st au st iaia b p o e s e B83

The exclusion of these 883 persons including 46 cases of silicosis
from the total group who appeared for examination leaves a study
group of 14,076 persons who were considered to be bona fide metal
mine workers. This was the sample population of metal miners upon
which the following detailed analyses has been made. In certain
tables the 1,589 workers in uranium mines have been excluded leaving
a total of 12,487 men in 50 metal mines.

The prevalence of metal mine workers with X-ray evidence of sili-
cosis is shown in tables V.6 and V.7. Within the study group of
14,076 metal mine workers, there were 476 or 3.4 percent with chest
films classified as silicotic. This ratio of positive cases varied greatly
from mine to mine ranging from 12.9 percent at one mine to none at
seven mines, the median figure being 3 percent. It is of considerable
interest that 13 mines had less than 1 percent silicosis while only 5
mines had more than 7 percent silicosis. The remaining 32 mines
were rather evenly distributed with erude percentage rates ranging
from 1 up to 7 percent.

Although the overall proportion of simple to complicated silicosis
films in this gronp was roughly two to one, there was considerable
variation from mine to mine. Another striking feature in analyzing
these crude figures mine by mine was the paucity of silicosis cases at
many mines and the heavy grouping of cases at a few other mines.

* See prevalence rate of 3.4 percent for the study group, table V.7.
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TABLE V.6.— Distribution of 50 metal mines* according lo prevalence of silicosis

Workers examined

Percentage range of silicosis cases Number

of mines
Number Percent of total
1y [T ooty e e Bl S L Sl 7 1, 081 87
L e e e e e G 1, 829 14. 6
S [ T I ST e S | P e 7 1, 584 12. 7
e o R e ek S S 5 1, 501 12. 0
b e o o 5} 480 3.9
B | e I e, B 3, 674 28. 6
L | e e e 2 400 3.2
| S e e TR e 5 1, 138 0.1
e B e 1 (1) |
o e s S S | R AR SO R H bt P e e
e e e e i e 1 (=) 3.5
L B R e e e e et e e R e 2 283 2.3
L B e B B e ST el | e e
e ) e e e e 1 (1 1. 3

*Excludes nraninm mine workers.
tLess than 50 worlkers.

**Hetween 400 and 500 workers.
{Between 100 and 300 workers.

Figure V.5 shows the distribution of the number of simple and com-
plicated cases on a mine-by-mine basis, ignoring rates based on mine
population.

Figure V.5 shows that seven mines had no silicosis. In addition to
these, 14 mines had from 1 to 4 cases of simple silicosis but no com-
plicated silicosis. Three other mines had no simple silicosis but two
or three cases of complicated silicosis. Another grouping of 11 mines
had from 1 to 4 ecases of simple silicosis and also from 1 to 3 cases
of complicated silicosis, Hence, a heavy concentration of silicosis
cases oceurred in the remaining 15 mines that had more than 7 cases
of silicosis with a wide seattering of both simple and complicated
Cases,

Table V.7 shows for each mine the percent of workers with simple
and with complicated silicosis, the prevalence of silicosis among
workers with 10 years or more and 20 years or more experience in
metal mining, and the percentage distribution of persons examined
according to years worked at metal mines. Mines were grouped ac-
cording to size, namely, those with less than 100 employees, mines
with 100-299 employees, mines with 300-699 employees, and mines
with 700 or more employees. Uranium mines, most of which had
less than 25 employees, were placed under a separate heading,

It may be noted that within each size group, individual mines
showed great variation in the prevalence of silicosis. This was un-
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TABLE V.7.—Percent of metal mine workers with X-ray ervidence of silicosis
according to size of mine and number of years worked al 50 melal mines and
uranium mines

Percent of workers with silicosis
Percent of workers with specified
number of yvears of experience at
According to type According to years metal mines
worked at metal mines
Total Simpla Compli- 10 years 20 vears | Less than 10-18 20 or over
cated Or more or more 10
Total for all mines
3. 4 22 1.2 6. 2 11. 6 46 31 23
Mines with less than 100 employvees
Total 4.2 2.4 1.8 8 2 13. 2 50 29 21
10. 5 10. 5 0 20. 0 0 *47 *37 *16
T T 0 i *11. 1 0 *31 *59
6. 7 1.7 50 12. 5 21. 4 47 al 23
6. 5 4 3 2.2 10. 5 21.1 a8 41 21
4.3 1. 4 2.9 9.7 13. 3 a5 23 22
3.7 0 3.7 i 18, 2 45 32 20
3.0 3.0 0 a3 5.3 *g 33 58
2.7 2.7 0 *12. 5 *16. 7 79 *5 *16
1. 8 1. 8 0 4 5 0 61 25 *14
0 0 0 0 0 *43 82 *5
0 0 0 0 0 79 19 *2
Mines with 100-288 emplovess

Total 3.4 2.2 1.2 5.3 9.6 38 37 25
12 9 8.6 4 3 158. 4 23.3 30 33 37
10. 6 8.0 2.8 19. 3 36. 2 47 35 18
g 2 3.0 2.2 12, 8 25. 0 65 20 15
4. 7 2.6 21 9.0 19. 0 48 30 22
4 6 2.3 2.3 10. 9 16. 7 59 28 13
4.0 2.3 1.7 i | 18. 2 43 a5 22
3.8 23 1.5 5 2 28. 6 28 62 10
4. 4 | LT 3.9 i. 1 12 40 48
3.2 0 0. 2 4 2 13. 6 22 o4 24
2.8 1.7 1.1 3.6 5.2 23 a5 42
2.6 28 0 3.0 2.7 11 25 64
1 b L7 0 a. 0 6 9 44 31 25
1. 6 .8 . 8 6.3 *33. 3 76 20 *4
1 | 0 1.1 2.8 9.5 56 32 12
1.0 1. O 0 1. 4 i 25 44 31
LT =) 0 0 0 Gl 33 17
.6 .6 0 L2 9 43 48
. 4 .4 0 i 2.2 a9 42 19
0 0 0 ] 0 42 53 *h
0 0 0 0 0 36 55 9
0 0 0 0 0 27 31 42
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TABLE V.7.—Percent of melal mine workers with X-ray evidence of silicosis
according lo size of mine and number of years worked al 50 metal mines and
uranium mines—Continued

Percent of workers with sllicosis
| Percent of workers with specified
number of years of experience at
According to type According to 8 metal mines
worked at metal mines
Taotal Simple Compli- 10 years M) years | Less than ‘ 10-189 20 or over
cated of more or more 10
Mines with 300-809 emplovees
Total 4.0 2.8 1.2 0. b 9.7 28 36 36
9.7 6. 5 3. 2 10. 2 21. 3 3 a7 38
6. 0 490 1. 1 6.0 6.0 i | 12 a7
6. 0 49 1.1 10. 5 24 1 a0 30 20
5.3 3.0 2.3 10. 7 23.5 al a0 19
4. 0 2.8 1.2 a. 8 9.6 30 b 35
2.4 1.3 1.1 3.3 6. 4 27 30 a4
1. 4 e e 3.4 8.3 62 22 16
.9 .9 0 1.0 1. 6 5 a8 a7
. 3 .3 0 .4 1.0 27 410 33
Aines with 700 or more employees
Total 3.3 2.0 1.3 6. 5 12. 9 54 27 19
6, 2 4 3 1.9 11. 4 27.0 46 33 21
4 3 i 1.6 7.2 14. 4 42 35 23
4 3 1.5 2.8 BB 19. 1 52 27 21
4.0 2.5 1. B 18. 7 37. 0 S0 14 6
2.8 ] s 4 6 10. 9 39 36 25
1. 6 1.0 . B b4 111 70 23 T
. 6 . B 0 . B .0 4 47 40
0 0 0 0 0 o1 8 L |
0 0 0 0 0 0 7 3
Uranium mines
3.2 21 15l 10. 3 27.32 70 21 0
|

*Based on less than 10 employess in exposure group,

doubtedly due to many factors, some of which represented a genuine
difference in the silicosis hazard while others were merely a reflection
of the age and work experience of the population at risk. It is ap-
parent that where a large proportion of the workers were in the older
age groups with long mining experience the silicosis rate would be
higher than in younger populations even though the risks were the
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FIGURE V.5.—Frequency distribution of 50 metal mines showing number of
cases of simple and complicated =ilicosis.

same. For example, in this table the mines do not remain in the same
position with regard to the relative silicosis hazard when silicosis
prevalence for all employees is compared with the silicosis prevalence
limited to men with 10 years or more of metal mining experience,
One mine with a large proportion of short-time miners had an overall
silicosis rate of 4.0 percent, yet for men with 10 years or over in metal
mining the silicosis rate rose to 18.7 percent, much above the average.

Table V.8, summarizing table V.7, shows a frequency distribution
of metal mines by size according to the percent of workers with sili-
cosis at each of the 50 mines. In each of the five silicosis prevalence
groups there were one or more mines in the various size groups, except
there were no large mines among those with 7.0 percent and over of
silicotic workers, Thirteen mines had less than 1 percent of their em-
ployees affected with silicosis; 12 mines—1.0-2.9 percent; 13 mines—
3.0-4.9 percent: 7 mines—5.0-6.9 percent; 5 mines—T7 percent and
over.
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TABLE V.8 —Frequency distribulion of melal mines* by size showing percent of
workers with silicosis

Number of mines by size
Total

Fercent of workers with silicosls number .
of mines | Less than -20% | 300-604 700 or
106 employeces | employees more

cmployees employeas

LS e e e e Gl 13 2 | L] 2| 3

i | e g e e e e 12 2 (i 2 2

el B s e D e S 13 3 | (i] 1 3

R L R R R e e e T 2 1 3 | 1

Tand ovar: s e so e T 5 2 2 1 ! 0
I

*Exclndes uranium mine workers.

In considering the prevalence of silicosis among metal mine work-
ers with 10 years or more of exposure, 8 of the 50 metal mines studied
showed no cases of silicosis. There were 17 mines which had a sili-
cosis prevalence of less than 5 percent, 12 mines had 5.0 to 9.9 per-
cent silicosis, 9 mines had 10.0 to 14.9 percent silicosis, and 4 mines
had from 18 to 20 percent with silicosis in these exposure groups.

The crude rate for all silicosis cases, both simple and complicated,
showed little difference according to size of mine. It ranged from 3.3
percent for mines with 100-299 employees to 4.2 percent at mines with
less than 100 employees. There was a slightly greater variation with
size when consideration was limited to silicosis prevalence among
workers with 10 or more years of metal mine experience. Mines with
100-299 employees showed a silicosis rate of 5.3 percent and mines
with less than 100 employees showed 8.2 percent. On the other hand,
mines with 300-699 employees and mines with T00 or more employees
had silicosis rates of 5.5 and 6.5 percent, respectively.

History oF Past ILLNESSES

Chest Ilinesses

Table V.9 shows the history of past illnesses reported by each miner
in reply to specific questions asked by the examining physician obtain-
ing the medical history. The frequency of these illnesses is shown both
by broad age groupings as well as broad groupings by years of em-
ployment in the metal mining industries.

A history of pneumonia was reported rather frequently in all age
groups (14 to 40 percent) and showed a regular increase with increas-
ing age and but little inerease with years of mining employment. It
did not seem appreciably higher in the silicotic groupings than the
groups with normal® chest films.

*The term “normal’ in this section implies no radiologic evidence of silicosis.
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A history of pleurisy was reported less frequently than pneumonia
in the nonsilicotic mining group and showed little difference with in-
creasing age after 35 years of age and increasing length of employ-
ment, ranging from 5.1 to 15.2 percent. Among the workers showing
evidence of silicosis, however, pleurisy was reported much more fre-
quently (11.5 to 43.5 percent) but showed no regular rising trend
with age and length of employment.

A medieal history of bronchitis was reported in a low proportion of
all miners in the large nonsilicotic group, the rates ranging from 4.1
to 9.3 percent, and with only a slight indication of an inereasing prev-
alence with age and years of employment. It was reported only
slightly more often in some of the silicotic groupings particularly
among the younger silicosis cases.

A history of asthma was reported in a consistently small propor-
tion of all age and length of employment groups, ranging from 2.1
to 7.8 percent, and increasing only slightly with age. It was only
slightly more prevalent in the silicosis group and was not a common
complaint.

Tuberculosis

A history of tuberculosis was reported infrequently by this mining
population. In the large nonsilicotic group shown in table V.9, the
rates were consistently well below 1.0 percent for miners below 45
yvears of age (0.2 to 0.5 percent). Above this age, the rates were
slightly higher but reached only 1.1 percent. Because of the small
numbers, the percentage rates fluctuated in the silicotic age groups, but
the total cases reported were 14 out of 426 cases, or 3.3 percent, and
ranged from 0 to 6.1 percent in the older age groupings.

A review of these case records of the metal mine workers reporting
a previous history of tuberculosis and a check against their chest film
interpretations showed that a substantial proportion of cases had no
definite evidence of pulmonary tuberculosis. Out of 65 case histories
of tuberculosis among the nonsilicotics only 13 were found to have
definite findings of a previous infection. Similarly out of 14 silicosis
cases with a history of tuberculosis only 5 showed definite evidence of
past infection. The remainder of the cases had ill-defined and vague
histories and no present X-ray evidence of past infection.

The above figures were based on miners giving a past history of
tubereulosis. A more basic question is the actual prevalence of pul-
monary tuberculosis as observed on the chest roentgenograms. As
described previously, each film was read independently by the three
radiological consultants who, in addition to classifying the film by
the I.I..O. Classification of the Pneumoconioses, also added symbols
and comments signifying the presence of other abnormalities in the
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chest. roentgenograms. Evidence of pulmonary tuberculosis was rou-
tinely noted excepting the healed primary complex or childhood type
of tuberculosis (Ghon tubercle).

Evidence of pulmonary tuberculosis, usually considered inactive or
arrested, was noted by at least 2 of the 3 radiologists in 82 of the 13,600
nonsilicotic films, a frequency of 0.6 percent. Using the same criteria,
tuberculosis was noted in 25 of the 476 films showing evidence of sili-
cosis, a prevalence of 5.3 percent. In the former group of films, nine
cases also had a previous history of tuberculosis, while in the silicotic
group two cases gave a positive history.

Heart Trouble

A history of “heart trouble” was closely related to age. In the non-
silicotic population, the percentage rates in the two younger age
groups ranged from 1.9 to 3.1 percent. In the 45-54 year age group,
the rates ranged from 3.5 to 5.5 percent and were slightly higher in
the employees with the longest work histories. In the oldest age
group, 55 years and over, more history of “heart trouble” was ap-
parent with the rates ranging up to 9.6 percent. Longer employment
also appeared to have a relationship in this older group. Within the
silicotic groupings, the small number of cases made age and length of
employment comparisons diffieult. There did not seem to be any ex-
cessive complaint of heart trouble in this population, however, based
on 22 affirmative answers out of 426 silicotic cases, or 5.2 percent. All
except two cases occurred over the age of 45 years.

Rheumatic Fever

A history of rheumatic fever was also reported infrequently in this
mining population but somewhat more frequently in the younger
age groups, the highest rate being 2.7 percent. It was reported among
1.6 percent of the silicotic population.

Rheumatism

The question regarding a history of “rheumatism™ elicited a fre-
quent positive response in all age and employment groups among the
nonsilicotic workers but increased from a rate of 3.4 percent for all
men under 35 years of age to 8.7 percent in the 35-44 age group, 15.1
percent in the 45-54-year age group, and 21.5 percent in the 55-years-
and-over age group. Within each broad age grouping there was a
slight trend toward increasing prevalence with inecreasing mining
experience. In the relatively small silicotic population, however, a
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positive history was more prevalent in the three broad age groupings
and showed little relationship to length of mining employment aside
from age.

Dust on Lungs

The reply to the question as to whether a miner had ever been told
he had “dust on his lungs” was answered negatively in well over 90
percent of most age and employment groupings among the large non-
silicotic population. Aflirmative replies in these nonsilicotic group-
ings ranged from 0.8 to 8.9 percent, however, and showed an increas-
ing prevalence both with increasing age and increasing years of
employment.

Within the relatively small population actually found to have sili-
cotic X-ray changes; however, 182 or 42.7 percent of the 426 workers
with present X-ray evidence of silicosis stated that they had been
so informed. This large proportion of affirmative replies in the sili-
cotic group did not appear to be related to age or length of employ-
ment within this group.

History of Lead Poisoning

A past history of lead poisoning was reported by 82 metal mine
workers. Further examination of the records of these men indicated
that for 21, the lead poisoning episode had oceurred at a time when
they were not employed in metal mining. Tasks mentioned ineluded
spraying orchards, painting, making storage batteries, and welding
and cleaning gasoline tanks.

The remaining 61 men had suffered from lead poisoning while
employed at metal mines. This constituted a prevalence of 0.4 per-
cent of workers at all mines. If only men working at mines which
were producing lead when the present study was made are considered,
there were found to be 26 men who reported having had lead poison-
ing at some time in their past experience. This represents a prevalence
of 0.7 percent as contrasted with 14 percent of the Utah metal miners
who reported a history of lead poisoning when surveyed in 1939,
Among 254 Utah metal miners examined in 1958, just 1 man reported
ever having had lead poisoning. If the 1939 rate had continued the
expected number of men with lead poisoning would have been 36. The
ereat decrease in percent of men affected can be attributed to many
factors, among which might be a change in the proportion of lead ores
mined (more sulfide and less carbonate ore, which 1s more likely to
cause lead poisoning).
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The following tabulation shows the year when the last attack of
lead poisoning occurred among the men questioned in the survey.

Year of last lead poisoning Number of men
B O I e e e e e e e 7
e i L e 11
B 1 tr ot b SRR R B P S O S S SR S 22
kL T e S e R A 10
OEROwn date. . oo 11

Dotal i e e L e e g 61

These figures indicate that, although lead poisoning among miners
1s becoming increasingly rare, there are still cases which have de-
veloped within the past few years. Almost two-thirds of the mines
studied revealed no workers with a history of lead poisoning. Only
four mines reported more than three cases. The greatest number oc-
eurring at any one mine was eight cases.

The majority of attacks of lead poisoning in recent years had oc-
curred at the same mine where the miner was working at the time of
the medical examination. Attacks in earlier years had usunally talken
place at a mine other than that at which the worker was currently
employed.

History of Mercurial Poisoning

Mercurial poisoning was very rarely reported among this group of
miners. There were 23 cases which could apparently be attributed to
exposure in metal mining occupations. Among 309 employees at mer-
cury mines, 7 or 2.3 percent said they had been affected at some time
with mercurial poisoning. Only three of these men indicated that
the attack oceurred at the same mine where they were examined. The
remaining 16 men were not presently working at a mercury mine but
had done so at some time in the past. A number of these men gave
the name of mines where a mercury hazard was known to have existed.
One-half of the cases, where the date was known, had taken place since
1950 and only one case had occurred before 1935. Some men reported
having lost all of their teeth and some referred to intestinal symptoms.

Three men, not included above, mentioned poisoning from the
medicinal use of mercury salves.

FrREQUENCY OF PRESENT SyMPTOMS
Chest Illness

Table V.9 also shows the frequency of present symptoms reported
in reply to the questions asked in taking the medical histories (fig.
V.1). Rounghly 20 to 25 percent of those examined reported that their
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chests sounded “wheezy or whistling” when they had colds. In the
large nonsilicotic group shown in table V.9 these rates were remark-
ably constant as to age and years of employment and showed no ap-
preciable trends with either factor. In the smaller group of employees
with silicosis, the rates fluctuated slightly and were a trifle higher, but
showed no age or length of employment trends.

When the above question was worded to elicit a reply restricted to
the presence of “wheezy and whistling” chest sounds at other times
not associated with colds, the frequency of this symptom in both the
nonsilicotic group and workers with silicosis was greatly reduced.
In the nonsilicotic group, the prevalence of this symptom increased
somewhat with age and also length of employment at metal mines,
ranging from 5.6 percent in the youngest age group with short mining
experience to 14.9 percent in the oldest group with the longest mining
experience. In the smaller silicotic groups, the symptom was re-
ported only somewhat more frequently in comparable age and em-
ployment groupings (6.7 to 22.2 percent) and could not be called a
prominent symptom.

Complaints of a temporarily disabling chest illness within the past
3 years was fairly frequent and was reported by about 20 percent of
most age and length of employment groups in the large nonsilicotic
population. No trend was observed except that it oceurred slightly
more frequently in the groups under 45 years of age. In the silicosis
groupings, chest illness was reported a little more frequently with in-
creasing age and length of employment, but there were surprisingly
few differences between these groups and the groups of nonsilicotic
miners.

Shortness of Breath

Shortness of breath is an uncommon eomplaint among healthy young
adults, but is frequently observed among elderly persons, obese per-
sons, and those with emphysema and heart disease. It is generally
considered a common manifestation of silicosis, especially in advanced
stages when emphysema is a frequent complication. Questions re-
garding shortness of breath were based on studies made by British
observers in their extensive research studies of coal miners pneumo-
coniosis.

Table V.9 shows the frequency of complaints of some degree of
shortness of breath by age and length of employment groupings. In
the nonsilicotic population it was reported by less than 5 percent of
the miners under 35 years of age, The prevalence of this complaint
gradually increased with age and years of employment to about 20
percent in the older age groupings with long employment at metal
mines. In the much smaller silicotic group, shortness of breath was
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a much more common complaint in all age groups, ranging from an
average rate of 16.3 percent for all men under 45 years of age and
21.7 percent for men 45 to 54 years of age to 36.8 percent for those of
55 years of age and over. Within these broad age groupings, there
was no clear trend with length of employment, except that the highest
rate, 38 percent, was found in the oldest group of men with 30 years
or more of mining experience,

Earlier studies have shown that many industrial workers with early
or moderate degrees of silicosis did not experience any remarkable
subjective complaints of the disease. Consequently, in evaluating the
symptoms of silicosis, they should be related to other findings such as
the degree of changes in the chest roentgenogram.

Table V.10 and fizure V.6 show the prevalence of shortness of breath
with relation to the degree of silicosis and length of employment at
the metal mines, and table V.11 shows shortness of breath related to
the detailed X-ray categorization by age and also by years of employ-
ment at metal mines.

Table V.10 also shows that 1,141 out of 12,479 metal mine workers,
or 9.1 percent, reported some degree of shortness of breath. Among
the large population of 11,922 with no X-ray evidence of silicosis,
the rates for this symptom increased from 5.8 percent to 20.4 percent
with inereasing years of mining employment. Among the rather
small group of 133 workers with suspect or doubtful chest films, only
17, or 12.8 percent, reported this complaint.

With simple silicosis. however, 71 of the 271 workers so classified,
or 26.2 percent, reported shortness of breath, and the percentage rates
increased from 15.6 for those with less than 15 years employment to
38.5 percent for those with 35 or more years of employment. With
more advanced or complicated silicosis, the symptom was reported by
55 out of 153 employees, or 35.9 percent. The rates inereased from
about 25 percent for those employed less than 25 years to over 40 per-
cent, for those employed more than 25 years. Hence, it will be observed
that shortness of breath was reported about three to four times as
frequently among the silicotic as the nonsilicotic miners and ranged
somewhat higher among those with complicated silicosis with in-
creasing years of employment.

Table V.11 shows the prevalence of shortness of breath reported
according to the degree of change in the X-ray chest films as defined
in the I.L.O. Radiological Classification of the Pneumoconioses, and
also by broad age and length of exposure groupings. The preva-
lence of this symptom for all negative chest films was 8.4 percent and
increased regularly from 18.6 percent for all category 1 films to 50
percent for the 56 films classified as categories B and C denoting the
more advanced complicated silicosis cases. A similar trend i the
prevalence of shortness of breath within the broad age groupings was
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TABLE V.10.—S8horiness of breath ameng workers at 50 metal mines* according to
lung field markings and years al metal mines

Years at metal mines
Lung field markings
Total —15 15-24 ‘ 2514 354
Mumber examined

A S e R 112, 479 7, 576 3, 161 ' 1, 220 522
No abnormal markings___.______ 11, 922 7, 503 2 973 1, 015 431
| EETR o 1 e e Pl NS S 133 34 47 36 16
Simple silicosis. - - - - oo 271 32 98 102 39
Complicated silicosis___________ 153 7 43 67 36

XNumber with shortness of breath

il | B e Pt M e 1, 141 444 373 203 121
No abnormal markings_________ 998 432 431 147 RS
| VTR e T B e e e S 17 b 3 i 3
Simple gilicosis________________ 71 5 28 23 15
Complicated silicosis... ... __. 55 2 11 27 15

Percent with shortness of breath

Mhobnd st o 0.1 59 1.8 16. 6 23.2
No abnormal markings____.._... 8 4 58 11.1 14. 5 20. 4
18,57 o 1 P e SR e 12. 8 14. 7 fi. 4 16. 7 18. 8
Simple silieosis________________ 26. 2 15. 6 28. 6 22. 5 38. 5
Complicated silicosis. .. ... ... 35.9 28. 6 25. 6 40. 3 41. 7

*Excludes nraninm mine workers,
tDoes not include 8 workers with no information on shortness of breath.

also observed by categories, and a somewhat less regular trend was
shown by length of exposure groupings.

The question has been raised as to whether the responses to questions
regarding shortness of breath show a relationship to the elevation at
which men work and live,

The percent of workers with slight and moderate shortness of
breath reported is shown according to elevation of the mine and living
area in table V 12. The 50 metal mines were separated into 3 groups
by elevation. Consideration was given both to the elevation at the
entrance of the mine and at the surrounding areas where the workers
lived. Broad groupings were possible in which each mine could be
placed. Among the large group of men without silicosis working at
less than 2,000 feet, slight shortness of breath was reported among
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FIGURE V.B.—Shortness of breath among workers with and without silicosis
according to years worked in 50 metal mines.

=4 Nonsilicotic

5.3 percent, moderate shortness of breath among 0.5 percent for those
men less than 45 years of age, and 12.6 percent and 3.5 percent for
men 45 vears of age and over. Workers at 2,000,999 feet and at
5,000 feet and over showed a slightly lower percentage with slight and
with moderate shortness of breath among both age groups. Workers
with silicosis 45 years of age and over had approximately double the
percentage with slight shortness of breath and more than three times
the percentage with moderate shortness of breath as among normal
workers. There was little difference in shortness of breath according
to elevation. This may be partly accounted for by the fact that men
working at higher elevations expected to have some degree of short-
ness of breath and did not consider this abnormal when it was no
worse than their fellow workers.
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TABLE V.11.—S8hortness of breath among workers al 50 metal mines* according
to detailed lung field markings, age and years al metal mines

Agea Years at metal mines
Lung field markings
Taotal —i5 45—54 55 —25 2524 251
Number examined

Total. ... -({t12,479 | 7,760 | 3, 182 | 1,537 (10, 737 | 1, 220 522

No abnormal
markings. _.______ 11,922 | 7,681 | 2,934 | 1, 307 |10, 476 | 1, 015 431
Thogbaful: oo o 133 30 G4 39 81 36 16
Category 1..------- 43 8 22 13 21 19 3
Category 2_________ 186 26 87 73 92 65 26
Category 8. ... .... 28 1 15 12 13 9 6
Bapahell. - oo ocoo.e 14 1 5 5 4 6 1
Category A___...__. a7 12 31 54 37 40 20
Category B_ .- ___. T 14 24 7 17 14
Category C.____.__. 15 1 10 i G 10 2

Number with shortpess of breath

Tatal oo 1, 141 426 398 317 817 203 121

No abnormal
markings. ____.__... 008 416 341 241 763 147 88
Dlonbiale. coooiooo 17 2 0 6 B i 3
Category 1.. - - Bolosesaas 5 3 5 2 1
Category 2. . _--zaa- 50 4 25 21 25 LY 8
Category 3. .. .----. i [t 4 8 3 4 5
Eggshell _____-..... [ | ey 1l it s s e 3 1
Category Acccecaa-- 27 4 4 19 7 16 4
Category B_........ ;2 ] | 3 14 3 6 10
Category Coaenaa-o 7] (B 5 4 3 5 1

Percent with shortnesz of hreath

okl Cies s g1 5.5 12. 5 20. 6 7.6 16. 6 23. 2

No abnormal
markings_________ 8 4 54| 11.6 | 18. 4 7.3 | 145 | 20.4
Donbtfal- - oo - _ 12. 8 6. 7 14. 1 15, 4 0.9 16. 7 18. 8
Category 1. . oo -... T80 |2 = ST 23.1 23.8 10. 5 |**33.3
Category 2. . __.___. 26.9| 154 | 287 | 28 8| 27.2| 25.0| 30.8
Category 3. - crcvee- i T (S 26,7 66, 7 23.1 |[**44 4 |*%83. 3
Eggshell ... oo oono.. eadilimt Der i me s I P | ¥*25. 0
Category A____.___. 27.8 33. 3 12. 9 35. 2 18. 9 40. 0 20,0
Category B_______. A 50. 0 Jococaae 3. 7 58. 3 [*¥42 9 35.3 71. 4
Category C________. 17,1 51 1 18] | N 50. 0 |*=*57. 1 |**50. 0 50, 0 |*=*50. 0

‘E:EIE&S uranium mine workers.
tIroes mot include 8 workers with no data on shortness of breath.
**Based on less than 10 emplovees in exposure group.
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TABLE V.12 —S8hortness of breath among workers at 50 metal mines* according to
elevation of mine and age, workers with or withou! silicosis

Lezs than 45 years of age

45 years of age and over

Zhort of breath Short of breath
Elevation
Number Percent Number Percent
examined | Num- examined | Num-
her ber
Slight | Moder- Blight | Muoder-
At ate
Workers without silicosis
Less than 2,000 feet__| 2, 056 | 120 5.3 0.5 | 1,527 | 246 | 12. 6 3.5
2.000-4,999 foet______ 2 484 | 118 4.3 .5 | 1,319 | 145 9.0 20
5,000 feet and over___ 3,174 150 4 8 St R 501 206 | 10. 8 2.9
Workers with silicosls
Less than 2,000 feet__ j i M ] [ e | T a7 12 | 21. 68 10. 8
2.000-4,999 feet______ 28 2 3. 6 3. 6 184 52 | 20. 1 8 2
5,000 feet and over__._ 20 6| 150 150 156 53 | 22,5 11. &
*Excludes uranium mine workers.
SiLicosis RELATED To TypE AND DURATION OF EXPOSURE

Years in Metal Mi

ning

As has been found in previous industrial studies of silicosis, the
prevalence of silicosis increased rapidly with increasing years of work
within the metal mining industry. Table V.13 shows the increasing
rate of prevalence in increments of 5-year work exposures. The large
mining population involved in this survey permits a 5-year breakdown
into 10 groupings ranging from less than 5 years of exposure to 45

years and over.

The following observations may be made from table V.13:
1. No cases occurred with less than 5 years of exposure.
2. Seven cases (0.2 percent) occurred in workers with 5-9 years
of exposure.
3. After 10 years or more of exposure the prevalence rates rose
rapidly in 5-year increments from 1.4, 3.0, 7.6, and 12.1 per-
cent up to an average rate of 16.6 percent for the four ex-
posure groups shown as working 30, 35, 40, and 45 years and
over. The variation in the rates in these four longest work-
ing groups is attributed to the smaller population at risk and
the sizable proportion of older men in these groups working
at mines offering relatively low free silica exposures.
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Taking the chest X.ray filmn,

Table V.13 also shows that the proportion of complicated to simple
silicosis cases tended to increase in the groups with increasing duration
of exposure.

Age of Workers

Although the miners’ age and their years of employment in the meial
mining industry have a close relationship, it is of interest to note the
prevalence of silicosis in this mining population by age categories.
Table V.14 and figure V.7 show the increasing prevalence of silicosis
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TABLE V.13.—Number and percent of metal mine workers* with X-ray evidence
of silicosis according to years al melal mines

Ellicosis—number Sillcosis—percent
Number
Years at metal mines examined
Total | Simple | Com- Total | Simple | Com-

plicated plicated
Total - ==t 14, 076 476 305 171 3. 4 2 2 1. 2
Less than 5 yvears_________ Rt || ) R S ] e K i Sy g
e R S S el IS N 2. 986 7 ol (BT 2 W E s W8
011 ] e N s | 2. 307 J5 27 a8 1. 4 1,1 el
1 | e e e e 1, 927 58 47 11 | 30 =4 .8
v o St e L e RN 1, 416 107 649 a8 7. 6 4.9 2.7
E=20 e 709 56 a0 g6 1121 Fim | 5. 0
BUSR L s o s e e 578 105 65 40 | 18.2 | 1.3 6.9
L Lt R i S e 246 a1 28 23| 14. 8 81 6. 7
T o & = P eI 1 156 21 9 12| 13 5 5.8 e |
45 andover. ___.___.______ 31 6 3 3| 19. 4 9.7 9.7

*Includes uranium miners.

TABLE V.14.—Number and percent of mefal mine workers® with X-ray evidence
of stlicosis according lo age

Ellicosiz—number S{licozis—percent
Number
Age in vears examined
Total | S3imple | Com- | Total | 8imple | Com-

plicated plicated
' 11 S S 14, 076 476 a5 171 3. 4 2.2 [
Less than 20. . ... ... 154 S| SRR | T | o Lo e | e 0
20-24_ ... A I €. T ) |UER | S o) (oo SR e (R,
Rl S R e 1P e 0 o] PR ol I SO [t ) I i (U
] e e | T o R e e o e e o
i) e e ey |t 7 5 2 4 i |
el 2, 042 al 38 12 24 r 1.9 . 2
L e et 1,912 81 53 28 42| 2.8 1.4
[ s e SR R T 1, 550 134 04 40 8 6 6.1 2.5
7 7 o 1, 000 115 68 47 | 11. & 6. 8 4. 7
e 363 69 40 201122| 7.1 51
65 and over_.___..____.. 63 20 7 13 | 31.7 | 11. 1 20. 6

*Includes uraninm miners,

with increasing age, in inerements of 5 years, and ranging from less
than 20 years of age to over 65 years of age.

Silicosis was not observed in chest films of miners of less than 35
years of age, and only 7 cases or 0.4 percent were found among the
1,951 workers in the 35-39-year age grouping. Beginning with the
40—44-year age group with a prevalence rate of 2.4 percent, there was
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a moderate inerease in the rate for positive eases with each snceeeding
age group until it tended to level off at about 12 percent in the 55-59-
and 60-64-year age groups. The 63 men examined who were in the
id-vear-and-over age group included 20 cases of silicosis, or 31.7 per-
cent. Of these 20 cases, 13 or two-thirds were classified as compli-
cated silicosis.

Age and Years in Metal Mining

Table V.15 and figure V.8 show the prevalence of silicosis both by
10-year age groupings and by the years of mining employment.
Within the three oldest broad age groupings beginning with the age
of 40-49 years, it will be seen that the prevalence rates for silicosis
rose sharply within these age groups with increasing years of em-
ployment, but in no instance quite reaching 20 percent.

Years in Metal Mining and Principal Occupation

It has been shown that there is a elose correlation between the num-
ber of years worked at metal mines and the prevalence of silicosis.
It is of particular interest from the viewpoint of evaluating and
controlling the silicosis problem to determine what occupations may
have been largely responsible for causing the disease and their relative
importance, in pointing out the need for further control measures in
reducing the exposure to silicious dust.

Table V.16 shows the prevalence of silicosis among the employees
of 50 metal mines by years of employment at metal mines and by
broad categories of principal ocenpation.®* Of the 426 workers with
silicosis, 344 or 80.8 percent had been employed principally under-
ground, 62, or 14.5 percent had been employed on the surface, and
20 or 4.7 percent had no principal occupation. The overall prevalence
rate for all 8,435 underground workers was 4.1 percent, and for the
2,870 surface workers, 2.2 percent.

For underground workers, the prevalence rates ranged from 2.0
percent for transportation workers, 2.2 percent for maintenance and
construction workers, 3.9 percent for miscellaneous workers, and up
to 5.0 percent for the large group of faceworkers.

For surface workers, the prevalence rates for silicosis ranged from
less than 1 percent (0.7) for both transportation workers and miscel-
laneous workers up to 3.5 percent for millworkers at the dustiest
surface operation.

*Principal oceupation refers to work performed during more than half the
time spent in metal mining, except miners working 10 years or more at the face
are classified as faceworkers.
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TABLE V.15.—Number and percent of metal mine workers* with X-ray evidence of
silicosis according lo age and years al metal mines

Years nt metal m_lnns
Age in yoars
Tatal Laeas than 10-18 20-29 30-39 40 yoors
10 years YOATE YOArs Years and over
Total examined
i) 1) [ 14, 076 6, 516 4, 324 2,125 024 187
Lot than 200 C o cooas 155 L B e B e e e
L e o ltsyaeat| R o 2 714 ||| ] e T B o
B e 3, 997 2, 284 1, G671 gy | PR SRR
L b e S | [ L L | 0949 1, 778 1, 126 L o] s e
a0=-89_ __ _ _____.___.| 2 45b0 325 GOG 501 GGT 61
Gl oF over. . cccceaacs 628 30 101 1 56 206 126
Number with sillcosis
Eotal . oo 476 T 93 193 156 27
Less than 20. . . ...... TN ) o R oY (e N L UG e T, BTt e
R e e L PP ey | R g S b o e e I e T e
] T e e 7| IR £ ] (SR ) e et
e e et 131 4 42 T - o s
e e e P 249 2 40 05 107 4
G0 or OVer . eeeaoa- oL R 5 20 41 23
Percent with sillcosis
o b 3 4 01 0 9.1 16. 9 14. 4
R e e 7 R ) S Sl oo R s R e e
) e e e e e et e P b S o el
L e A S T piolct ) [ T e .4 e B (R e, T
L i 3.8 .4 2.4 6.5 D
T e R P 9. 8 .9 5T 11. 9 16. 0 B. 6
60 orover.. . ...ooo... ! i bl ) S 50 12. & 0.9 18. 3

*Includes uranium miners.

By far the most important group of oceupations with reference
to the silicosis problem are those included in the category “face-
workers,” who were engaged in mining production and development

operations,

Silicosis oceurred in 267 or 5.0 percent of the 5,330 face-

workers, These 267 cases comprised 62.5 percent or well over half
of the 426 cases of silicosis found among the 12,487 workers at these

50 metal mines.

Among the 5530 faceworkers, silicosis began ap-

pearing after 10 years of employment and increased to 10.7 percent
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FIGURE V.5.—Percent of metal mine workers with silicosis according to age
and years worked in metal mines.

of the men in the 20-29-years-of-employment grouping, and on up-
ward to 26.1 percent of the 463 faceworkers with 30 or more years
of employment. Similar trends, but on smaller seale, were seen In
several other groups of principal ocenpations.

It soon became evident in analyzing these data that certain con-
siderations were obscuring the general picture of prevalence of sili-
cosis in treating the metal mines as a whole. Seven iron and lead-
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zine mines located in low free silica limestone formations which had
fairly large and stable populations offered low exposures to free silica
in their mining operations. It was found that there was very little
silicosis at these mines even among the sizable groups of older
workers that had been employed 25 or 30 years or longer. If these
groups were considered separately, a consistent trend was found
among the remaining 43 mines that did offer a more substantial
exposure to free silica in their mining operations,

Table V.17 and figure V.9 show the prevalence rates for silicosis by
principal occupation; however, 7 of the 50 mines employing 2,201
workers are excluded from this analysis. These seven mines which
were located in low free silica limestone formations included a large
aroup of longtime employees who did not have silicosis, hence they
tend to distort the total figures showing progressive increase in percent
silicosis with increasing years of metal mine employment. The re-
maining group of 10,286 men, none of whom worked at mines located
in low free silica limestone formations, were subdivided into 5-year
work intervals and the silicosis rates were caleulated for each prin-
cipal oceupation.

TWhen rates were examined without regard to years in metal mining,
faceworkers had the most silicosis with 5.9 percent, followed by mis-
cellaneons underground workers, 4.7 percent : millworkers, 4.2 percent ;
maintenance and construetion workers—surface, 3.1 percent; mainte-
nance and construction workers—underground, 2.8 percent; under-
ground transportation workers, 2.3 percent: miscellaneous surface
workers, 1.0 percent ; and surface transportation workers, 0.8 percent.
Silicotic faceworkers constituted 62.7 percent of all silicotic workers,
while the remaining persons with silicosis were distributed over a
number of different underground and surface occupations. IHowever,
when considered according to years worked in metal mining, some
of the ocenpations with small numbers of workers showed a prev-
valence rate of silicosis higher than that found among the large group
of faceworkers. The higher silicosis prevalence for nonface workers
was observed in certain length of exposure groups among surface mill-
workers and miscellaneous underground workers.

The tendency for silicosis prevalence to increase with increasing
years of work in metal mining was noted among all occupational
aronps at these 43 mines, but it was more steadily upward and reached
a higher peak, 38.9 percent, among faceworkers. The next most
steady increase was for underground transportation workers, who
showed 26.3 percent with silicosis after 35 years or over in metal
mining. Surface occupations, in general, failed to show as regular a
rise in the percent with silicosis.
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Present Occupation

Table V.18 shows in detail the present occupation of all workers and
of workers with silicosis. From this table it was possible to learn the
number of workers engaged in a variety of oceupations at the mines
studied at the time of the medical examinations. Thus, among the
4,474 men who were working at the face, 3,066 were stope miners, 636
were drift miners, 449 were raise miners, and 273 were performing
other work at the face. Underground transportation consisted
chieflly of motor crews but there were also 265 underground hoisting
operators, 177 skip tenders and chute pullers, 94 mobile equipment
operators, and 32 grizzlymen. The two principal groups of under-
eround maintenance and construction workers were timbermen and
mechanies and pipemen. Miscellaneous underground workers were
primarily supervisors and engineers,

A classification of workers by present occupation tells only what a
man was doing at the time he was examined and does not indicate how
long he had been engaged in that particular job. However, it is of
interest to observe where persons with silicosis were found at the
time they were examined. There were 269 persons with simple or
complicated silicosis who were presently employved underground and
98 of these were working at the face. On the surface, there were
found to be 157 persons with silicosis. The great majority of these
had previously had vears of underground working exposure.

Present Occupation Compared With Principal Occupation

Table V.19 shows the present oceupation of metal mine workers and
indicates the prineipal oceupation which each had followed during his
entire mining experience. For example, among 4,474 men now work-
ing at the face, 3,883 had worked principally at that oceupation, 161
men had spent most time in underground transportation, 52 had been
chiefly in underground maintenance and construction, 72 had been
1 other underground work, 41 had worked on the surface, and 265 had
not. worked at any one job long enongh to have a principal ocenpation.
Although the largest group of workers was found under the same
classification for principal as for present ocenpation, there were many
other types of work formerly followed by substantial groups of
persons.

The practice of transferring older and less physically fit workers
from underground to surface jobs was reflected in the figures showing
percent with silicosis by present and principal ocenpation. The
highest silicosis rates for men whose prineipal ocenpation had been
at the working face were found in men presently working on the
surface, namely 22,1 percent with silicosis in maintenance and con-
struetion, 23.2 percent in surface millwork, and 21.0 percent at other
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TABLE V.18.—Workers at 50 metal mines* according to occupation at lime of

medical examinalion

. Numberof | Sumber
Present oceupation Spoiat si‘i‘[gfstﬁ

L e R A S s Tl W I e SR S S T R i [ (BBl 426

Underground—face—total ... oo .. ____._| 4 474 98
0 2t nt T O Y (s S Sy g S| W51 | 57
0 410 1) 11 1L e G o (N I RIS O SR I G806 22
TN ey ST SR = SR I AT o S T 449 5
T e oy fa ey [ P S SRS Corl S SO S SO 273 14

Underground—transportation—total .__ _____________| 1, 468 33
R e e e L 900 17
[ P v e e el P R S e e e e D e 32 les=sm it
Underground hoisting operator. .. - - oo 265 12
Bkip tender and chute puller- - - - oo oo 177 3
Mobile equipment Operator _ - - - _ oo e 94 1

Underground—maintenance and construction—total__| 1, 818 75
O B R e o s L i, S s e s S L 505 38
S TR s SR ot R il e e Bt S PR 148 3
el gepdad s e e e 185 4
Mechanic and pipeman. .- .- oo oo _oo-.. salaEs e e 492 11
Other maintenance and construetion workers_______________ 488 19

Underground—miscellaneous—total ... _____._.._.| 1,078 63
BHPBIVIBOE. & s cimasmsesssansds i Sdnsedussabassdstuasiaa D35 46
B T T et R e R e P o LT R R T 43 5
1] 0] 4] e e Ay SR SR SRR 60 2
Wneimeen andgampler: - - oo - o Sl oo loot s e 201 4
VR T I S oo e e i el e e e e S 239 L

Surface—transportation—total . ____ . ______.. 424 8
B B R N e e o o e e i 144 3
ey ] R S R e e L N S e Iy
Mobile equipment operator. - - cccccccrccccrcrccramanenn=- 239 7

Surface—maintenance and construetion—total________| 1, 404 | 67
T i T e e My g PNt DO P UL Sl 151 2
Mechanic and pipeman. . _ .. o oo 448 15
AT T e G e S S A el i, L NS S R 126 11
T L T 1 e S R P S e S . Sy g 19 i
e [ ety ST D TRy Lo QP gy 136 2
el A o e e e e e e . 494 36

Surface—mill—total . _____________ ... 808 38
LR b o o o - e sl el o e 314 10
AT D A SRR S S e e S 584 28

Burface—miscellaneous—total . . ... ____.. 023 44
Office and general SUPerViSioN - - o - ccmccccccnccacnncaenas HG6 13
T e S e o T S T S 110 2
Misecellaneous labarer  _ __ AR 247 29

*Excludes uranlum mine worlers,
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surface operations. Workers whose present and prineipal oceupa-
tion was at the face had a silicosis rate of only 2.4 percent. Most
of these had worked only a short time. The highest silicosis rates
for men with principal occupation of underground transportation,
underground maintenance and construction, and other underground
work were found among men now engaged at other surface work.
There was very little silicosis among men with present and principal
occupation in surface work and no long experience underground.

Geographical Location

As might be expected, the great majority of the 50 metal mines
studied were located in the Western States.  Mines in this region were
placed in two groups, namely the Northwest, comprising the States
of Idaho, Montana, Washington and Wyoming, and the Southwest
comprising Arizona, California, Colorado, Nevada, New Mexico, and
Utah. Crude silicosis prevalence rates were compared for these two
regions with the following results for the Northwest and Southwest.
respectively: total silicosis 4.4 and 4.4 percent, simple silicosis 2.9
and 2.8 percent, complicated silicosis 1.5 and 1.6 percent, and doubtful
silicosis 0.9 and 0.8 percent. Considering the great difference in op-
erating conditions for individual mines it was surprising that the
combined data for the 17 Northwest mines and the 17 Southwest
mines should yield such uniform silicosis prevalence rates.

The remainder of the country east of the Rocky Mountains was
divided into three areas according to a rough estimate of the percent
of free silica in the mine environment. Silicosis prevalence in areas
of relatively high. moderate and low silica was as follows: total
silicosis, 4.3 percent, 1.6 percent, and 0.7 percent, respectively; sim-
ple silicosis, 1.6, 1.2, and 0.6 percent: complicated silicosis, 2.7, 0.4,
and 0.1 percent. Silicosis in the region with relatively high free silica
was comparable to the prevalence in the Western States, but there
was a sharply reduced rate in the other two geographical areas.

Silicosis According to Commodity Produced

Table V.20 and figure V.10 show the percent of workers with
silicosis according to commodity produced. It appears that silica
content of the dust was much more important than the type of
commodity produced in affecting the erude silicosis rate. Excluding
the iron and lead-zine mines with low free silica exposures, the total
crude rates for silicosis were much the same, namely: iron mines
4.2 percent, lead-zinc mines 4.8 percent, copper mines 3.6 percent,
uraninm mines 3.1 percent, and mines for all other commodities
3.7 percent. In the iron mines with low free silica exposures, silicosis
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was found in 0.3 percent and in low free silica lead-zinc mines in 0.6
percent.

In no group of mines did persons with less than 10 years of ex-
perience show as much as 1 percent with silicosis. In the 10-19-year
experience group (again excluding low free silica mines) the percent
with silicosis was as follows: copper 1.5 percent, iron 2.5 percent,
lead-zine 3.1 percent, uranium 3.2 percent, and other commodities
4.1 percent. In the 20-29-year experience group, iron mines with
5.3 percent and copper with 7.8 percent were more favorable with
respect to silicosis than were lead-zine with 12.7 percent, other com-
modities with 18.6 percent, or uranium with 27.5 percent. The longest
exposure groups, 50 years and over, showed iron and copper mines
with about the same percent of silicosis. Lead-zine, uranium, and
other commodities had a higher silicosis rate. At mines with low free
silica, silicosis was minimal even at the longest duration of exposure,
with 2.5 percent for iron mines and 2.0 percent for lead-zine mines.

Workers With Experience at One Mine Only and at Two or More
Mines

Table V.21 and figure V.11 compare silicosis prevalence for persons
with experience at one metal mine only and for persons who had
worked at two or more mines. Men with employment at a single
mine had the more favorable silicosis experience among almost all
age groups of faceworkers, other underground workers, and surface
workers, no matter what had been their length of service at metal
mines. The one notable exception was the higher silicosis rate among
faceworkers with 30 years or more of experience at one mine. Em-
ployment at several different mines apparently led to a more unfavor-
able dust exposure and consequently to a greater prevalence and earlier
appearance of silicosis.

The rate of silicosis according to the number of years worked at
metal mines for faceworkers who had worked at only one mine in-
creased rapidly from 1.7 percent with 10-14 years of experience to
44.1 percent with 30 years and over. Faceworkers with experience
at two or more mines showed a generally higher silicosis rate which
rose with years of work from 2.6 percent to 27.0 percent. Other
underground workers and surface workers did not show as rapid
an increase in silicosis prevalence with increasing years at metal
mines. Even after 30 or more years at metal mines, silicosis did not
affect as much as 15 percent. of these workers, whether they had ex-
perience at one or more than one mine.
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TABLE V.21.—Silicosis among metal mine workers* with experience of 10 years
or more al one mine only and al 2 or wmore mines by principal occupation and

years at melal mincs

Number examined

Number with silicosis ‘ Percont with sllicosis

Years at metal mines
At At 2or ALl At 2 or ALl At 2 or
ming only \more mines| mine only |more mines| mine only (more mines
|
Total—all occupationsf
Total. .o 3, 310 2,199 201 207 6.1 Q. 4
YO-14o o o cccaccsnnnas| Jyold 57T 19 12 1.5 2.1
L T e 761 042 21 28 2.5 52
B0l e, 543 454 37 54 6.5 11.:2
T L 256 274 29 40 10. 1 14. 6
d0andover. .__.____. 416G 322 95 73 22 8 227
Face workers

Total___.......| 1,203 1, 304 113 145 B 7 11.1

0=l ool 586 345 10 9 1.7 2.6
=19 _ ool 261 317 fi 21 2.8 6. 6
L e SR 199 2093 21 39 10. 6 13.3
T e T I, 104 1449 13 22 12. 5 14. 8
30 and over_ . ___.____ 143 200 6.3 o4 44 1 27. 0

Other underground workers

Tokal-— == S 921 375 41 33 4 5 3 8

1B 1 e R 314 92 3 3 1. 0 3.3
IR [ e 248 05 B 3 Fo EEg 3.2
L 1 160 24 5 9 3.1 10. 7
26=20_ _ _ o ____ B4 5l 11 10 13. 1 20.0
30 and over. ... _.__ 115 ad 14 2 12. 2 14 8

Surface workers

1 0 e 011 332 38 20 4 2 6. 0

PP B e add 71 o 0 e (S E
3 ) B it R e P 207 B G 3 2.9 3.5
| R L N e 144 il 10 5] 6. 0 7.0
20-20 _ oo 78 57 E! [ 5.1 10. 5
30 and over_ _________ 139 47 13 G 0. 4 12. 8

*Exelndes uranium mines and 7 iron and lead-zine mines in low free silica limestone formations,
tIneludes no principal occnpation.
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Silicosis Among Workers Excluded Because of Other Dusty Work

There were 671 metal mine employees excluded from the discussion
because they had previously worked in other dusty employvment which
might be capable of producing silicosis. Table V.22 shows the expe-
rience of this group of workers compared with that of all metal mine
workers in the study group. Workers with other dusty experience
had about the same prevalence of silicosis as all metal mine workers
when years in all kinds of dusty work were the same. For example,
the former group with 30 or more years of dusty experience had 15.2
percent with silicosis compared with 16.5 percent for the latter group:
for 10 to 19 years of experience the percentage with silicosis was 2.5
and 2.3 percent. respectively.

Types of dusty employment included coal mining, tunnel work,
smelting, foundry work, quarrying, and the mining of various non-
metallic minerals. Approximately one-half of these men had spent
from 5 to 10 years in other dnsty work before entering metal mining
employment. The remainder had spent 10 or more years in other
dusty work,

Therefore, it appeared that the exclusion of 671 metal mine em-
ployees having had other dusty exposure from the mining population
under study did not appreciably change the overall prevalence of
silicosis in the study, when total years of exposure are taken into
consideration.

TABLE V.22.—S8ilicosis among metal mine workers with exposure in other dusty
trades of & years or over according to total years in all dusty work

- Number with silicosiz Percent with silicosis
Total years at* all dusty Total |~ = ;
work numhber 1 | Workers | All metal
examined Taotal Bimple Compli- | with other | mine
cated | dusty | workersi
| experience
| I-
Less than 10_________ 68 0 0 i i ISR e 0.2
111 525 T PR s oy 130 1 1 0 | 0. 8 1.5
1By PR EGL SO el 146 i 5 1| 4.1 5.0
o | ool R SN 121 12 10 2 | 8.0 7.6
L 101 0 6 0 (R T S b 5
T R e T 61 9 6 3| 148| 182
d5andover__._._._.. 44 T 3 1 i 15. 9 14. 6
|
] |

*Includes total years spent in metal mining and all other dusty work,
tincludes workers at S0metal mines and uraninm mines exeluding those with work in other dusty trades
of & years or over,

Stlicosis by Periods of Work Experience Before and After 1935

Metal mine employees were divided into two groups according to
the period of their work experience, namely, persons who had worked
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at metal mines at some time before 1935 and had experience in some
or all of the intervening years since then, and persons whose only
work experience had been in 1935 or later. It is obvious that persons
in the first group also must have worked in the second, since only
employed miners were examined.

Table V.23 and figure V.12 show silicosis rates, specific for years at
metal mines, for persons with experience beginning in each period.
This permits some comparison of silicosis prevalence rates among
workers in this study who had substantial exposure before dust con-
trol measures became widely used and those employed only during
the subsequent 25 years or so. When the group of 43 mines, exclud-
ing those in low free silica limestone formations, was studied it was
found that, among the relatively small group of workers with some
mining experience before 1935 but who had worked at metal mines
a total of only 10-14 years, the silicosis rate was 6.1 percent; a group
of 1,818 persons who had worked the same number of years but
only in 1935 or later had a rate of 1.5 percent. Corresponding figures
for persons with 15-19 years at metal mines showed 8.3 and 3.3 per-
cent with silicosis, respectively. After 20-24 years in metal mining,
men with experience prior to 1935 had a silicosis prevalence of 12.7
percent compared with 7.2 percent for men with experience during
or after 1935.

In mines which were located in low free silica limestone formations
there was no silicosis among the 1,066 men who had worked 10-24
years, including some time before 1935. For the earlier period (be-
fore 1935), there was one case of silicosis after 25-29 years, four cases
or 3.6 percent after 30-34 years, and three cases or 1.3 percent after
55 years or more. For the later period, those persons who had worked
in 1935 or subsequently, there were only 3 cases of silicosis among
1,745 men. For any one duration the affected group did not reach
0.5 percent.

The trends shown in figure V.12 appear to indicate that although
the prevalence of silicosis is substantially lower among men who began
mining in 1935 or later than among those who worked before 1935,
there continues to be a regular inecrease in prevalence with increasing
years of experience in metal mining. In the more recent period the
onset of silicosis was several years later than for persons with similar
length of experience who had worked at some time before 1935. The
curves for persons working in each period are of essentially the same
shape suggesting that in recent years silicosis has been developing at
a considerably slower pace than formerly, but that cases were still
oceurring.
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TABLE V.23.—S8ilicosis among workers at metal mines* by period of work
experience and ltolal years worked al metal mines

Number with work experience Percent with
silicosis
Taotal At some time before Only sinee 1935 or Worked | Worked
Years at metal mines | number 1935 as well as later later at some | only
exanined timea since
before 1935
Nomber | Number | Number | Number | 1935az or
examined with examined with wall as later
sllicosis silieosis later
43 metal mines
Total: ... 10, 286 1, 765 290 8, 521 1P (R T | Sl
e Tt 2, 423 2 0 2,421 [ e S R
it P e 2. 34T 24 0 2 323 o =] 0.3
1|1 1, 884 G 4 1,818 a7 6. 1 1.5
J =] 1, 304 120 10 1, 184 a9 83 3.3
20=-24_ .. i . 1, 027 07 30 720 a2 | 127 e
2] oy e e 563 als 70 1) ) B - e T
B0=gd oot aa 4444 444 a5 0 D 2L fooaoas
35 and over______ 204 204 T2 0 R e ] e,
7 irom and lead-zine mines in low free silica limestone formations
Total___._ 2, 201 456 8 1, 745 el e S s T
et e S 415 0 0 415 1L e e
T e 226 0 0 226 | Tt S " ST -
=14 e ool 285 2 0 283 | 1N | 0.4
L i B i all 10 0 500 1] [ s .
e e e 323 40 ] 283 Y e L 4
SRR e 103 (it} 1 a8 0 1
- R s e 111 111 4 i 0 i e
35 and over_._____ 228 X8 3 0 0 ) [ = R

*Excludes graninm mine workers.

COMPARISON OF PRESENT WITH PAST STUDIES

In evaluating data from silicosis studies it must be kept in mind
that, except in cases of massive exposure to high silica bearing dust,
it requires a number of years, sometimes 20 years and over, of exposure
to the dust before evidence of the disease exists on chest roentgeno-
grams. The positive chest film is the evidence of excessive dust ex-
posure over the past several years and not necessarily the
concentration existing during the survey. Because of this long latent
period, in cases where excessive atmospheric dust levels have been
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lowered, it may take a number of years before attending lower sili-
cosis prevalence rates show up in subsequent chest roentgenographic
SUTVeys.

In reviewing the past studies of silicosis in the metal mines of this
country, the above factor seems quite evident. In the very early
studies before dust control measures were used appreciably, miners
were exposed to massive dust concentrations. Within a relatively few
years of exposure this resulted in a high prevalence of advanced
silicosis accompanied also by a high prevalence of tuberculosis among
the silicotics. In general, great advances have been made by the
metal mining industry in controlling dust, especially since around
1935. This would not show up in an immediate lower prevalence of
silicosis, however, because of the reservoir of miners exposed to dust
prior to this period. It probably would not have its full impaet until
20 to 30 years later. The only valid criterion of adequate dust control
measures is the absence of new cases of silicosis developing in men
whose only exposure is subsequent to the installation of dust control
measures.

Fortunately the 1939 study of Non-Ferrous Metal Mine Workers in
Utah presents considerable data which may be contrasted with data
developed in 12 lead-zinc mines of the 1958-61 survey having similar
characteristics. Approximately the same average percentage of free
silica, 30 percent, was present in the settled dust samples of each
group of mines. Table V.24 shows the prevalence of silicosis in the
western lead-zine mine workers examined in 1958-61 compared with
Utah metal mine workers examined in 193% according to years in
metal mines. Table V.25 shows the weighted average dust levels at
reasonably comparable selected operations during the same two sur-
veys. The trend is favorable in that the prevalence of silicosis for
lead-zine mines in the 1958-61 survey was found to be approximately
40 percent lower than that found in the Utah 1939 survey. Even
more striking is the 80 percent reduction in silicosis prevalence in the
group employed in the mines less than 10 years and 72.8 percent reduc-
tion for the group employed 10-19 years. When consideration is
limited to faceworkers only, there is an even greater decrease from
the silicosis prevalence observed in the 1939 survey. The reduction
amounts to 81.3 percent for the group employed in metal mines less
than 10 years and 76.5 percent for the group with 10-19 years of em-
ployment. These groups are the best indicators of a reduction in ex-
posure to dust during this interval of time. The environmental data
of the 1958-61 survey shows a very favorable trend in reduction from
the atmospheric dust levels found in the Utal 1939 survey, On the
basis of median dust count values for lead-zine mines in the 1958-
61 survey, there was a 53 percent reduction in dust concentrations at
dry crushing and 78 to 90 percent reduction in dust counts at other
areas where comparisons could be made.
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TABLE V.24 —Silicosis in western lead-zine mine workers examined in 1958-81
compared with Ulah melal mine workers examined in 1939 according lo years al

miclal mines

All silicosis Bimple silicosis Complicated
Niumber, silicosis
Years at metal mines cial.'_‘nﬂn&-
Mumber| Percent | Number| Percent |Number| Pereent
1939 study

i B e 727 G 9.1 52 i 14 L9

Less than 10 vears. oo oo U4 4 1.0 4 1.0 ] 0
i b B T T e e S ) 228 30| 13. 2 26 | 11. 4 4 1.8
20 years and over....------ 105 32 | 30. 5 22 1-21.40 10 9.5

1858-61 study

| B e 2,173 117 5. 4 T4 34 43 2.0
Less than 10 years. .o ccvoe.-. 959 2 8 2 oo R e RS
D=1 years. .. cooooooooo. 717 206 3. b 17 2.4 9 1.2
20 vears and over. .. ...-...| 497 80 | 17. 9 85 | 11. 1 34 6.8

TABLE V.25.—Weighted average dust concentrations (mppef) at comparable occu-
pations in 12 lead-zine mines studied in 1958-61 compared with Ulah metal

miines studied in 1939

195861 study
10
Hepdi Salﬁlrige Median e
Low High

Underground

LT e e g e A e e 23.1 3.1 1.3 17. 6

T FOT oy e e S S 10. 5 24 15 107

15 0 1] S e e S 7.5 1.6 1.0 2.6

Timberman . ... ceccccecee——a — 18. 9 1.9 s 10. &
Surface

TTENT A 11T 0 R RS e S oy 3.8 6 i 2.8

T 1 R O Q. 4 1. 1 . B 2.8

ERY D e e e g el S R 14. 3 6. 8 gl 17. 3

T T T O G SO L e O O 57. 9 6. 5 2.3 33. 8

*1939 fipures represent the average weighted average dust exposure for ench occupation.

167



As pointed out earlier, due to the long periods of exposure necessary
to produce silicosis, prevalence data at any one time represents the
collective exposure of that group over the past several years. Thus
the prevalence data on silicosis in the 1958-61 survey in most instances
would represent exposures during the previous 20 years or more.
Without earefully collected and recorded environmental data on a
periodic basis over the period of exposure, it is not possible with vali-
dity to assign weighted levels of dust exposure to the workers. Such
unfortunately is the case for the 1958-61 survey. Only in a very few
cases do the environmental findings of the survey apply retrospectively
more than a few years. It will be another 10-20 years before the
full impact of the environmental levels of dust exposure found in the
1958-61 survey reveal themselves in correlative silicosis prevalence
data. During this interval routine dust control menitoring and
medical surveillance should be practiced to assure proper operation
and maintenance of dust control procedures and the prevention of new
cases of silicosis.
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FIGURE V.13.—S8imple silicosis.

Lead-zine mine worker, white male. wge 58, helght 68 inches, welght 125 protened 8,

Ocewpational history: Surface laborer 2 years and welder 8 vears: flotation
mill operator 21 years: also motor operator in lead smelter 9 Years,

Medical history: Metal fume fever while welding in 1953 1-day duration.
Moderate shortness of breath was only complaint.

X-ray chest filme: Lung field markings classified in “suspect” category. Classi-
cal eggshell ealeifications, some pleural abnormalities, and left apical bullae.

Diagnosiz: Simple silicosis.

Comment: Classified as simple silicosis because of suspect Ilnng field markings,
definite egzshell caleifications, and ocenpational history., Cas=e not ineluded
in metal mine study group, however, becanse of 9 years emploviment in a
lead smelter.
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FIGURE V.14.-Simple silicosis.

Copper miner, white male, age 50, height 66 inches, weight 198 pounds.

Occupational history: Repairman, operator, and supervisor of surface ore-
erushing plant 27 years, all at one mine. Army, 3 years.

Medieal historyg: Negative except for influenza 2 years previounsly. O work
3 days.

Symploms: Chest wheeging but only with colds. No shortmess of breath.

KXoy chest film: 1L, Classification 3p.

DNiagrosziz: Simple silicosis, early.

Comment: Fine punctiform opacities scattered diffusely throughout lung fields
with no other pathology noted. Considered good example of early silicosis,
Only dnst exposare had been 29 vears in one copper ore-crushing sarface
plant,
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FIGURE V.15.—Simple silicosis.

Copper miner, white male, age 63, height 65 inch ex, weight 140 pounds,

Oceupational history: General miner in copper mines 21 vears. Hand tramming
in gold mine 2 vears.

Medical history: Pneumonia in 1935, 9 davs in hospital. No present symptoms.

X-ray chest film: Classified as category 2m, meaning a moderate degree of
micronodular infiltration.

Diagnosis: Simple silicosis, early.

Comment: No symptoms were associated with these early silicotic changes.
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FIGURE V.16.—Simple silicosis.

Mine crusher operator, white male, age §6, height TI1°°, weight 167 pounds

Ocoupational history: Various jobs up to shift foreman at mine crusher
operation.

Medical hiztory: All negative except “chest wheezes" with colds. No dyspnoea
or other syvmptoms.

X-ray chest film: Classified as 2m-AX, indicating moderate micronodular infil-
tration of lung fields with a suspicion of beginning coalescence.

Diagnosisz: Simple gilicosis, early.

Comment: The ore-crushing mill operations were associated with a number of
cases of simple silicosis,
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FIGURE V.17.—Simple silicosis.

Miner, male, age 45, height 69", weight 12 pounds

Oceupational history: General metal miner 10 Years (2 years in uraninm mine).
Miscellaneous underground jobs 5 vears.

Medical history: Rhenmatism.

Presend symptoms: None.

X-ray chest film: Category 2n, meaning a moderate degree of nodular infiltration.

Diggnosis: Simple silicosis.

Comment: Original film was considered good example of 1.1.0. Classification 2n.
No symptoms of silicosis.
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FIGURE V.18.—Complicated silicosis.

Lead-zine miner, white male, age 15, height 72 weight 155 pounds

Ocenpational history: Face miner 19 years ; undergronnd transportation 4 years.

Medical hiztory: Off 28 days with pnenmonia 3 years previously.

Symptoms: None,

X-ray chest film: Category A with 3n background. SBmall noduoles diffusely
seattered throunghout chest. Small conifluent areas both apper lobes.

Driggnogis: Complicated silicosis, early.

Comments: No symptoms were reported by this 45-year-old miner with early
complicated silicosis.
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FIGURE V.19.—Complicated silicosis.

Miscellancous metal miner, white male, age 42, height 73", weight 1685 pounds

Occupational history: Underground inspector 5 vears: general miner 16 Years:
ore-crushing plant 1 year.

Medical history: None execept he was told he had “dust on his lungs™ in 1955.

symptoms: None,

A-ray chest film: Category A with 3n background. Early confluence of opacities
in both first interspaces. Hilar enlargement, emphysema, and slight distortion.

Diagnosis: Complicated silicosis, early, and empliyvsema.

Comments: This 42-year-old miner has diffuse nodular silicosis with small areas
of coalescence, No symptoms were reported.
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FIGURE V.20.—Complicated silicosis,

Copper miner, nrale, age 59, height 69°°, weight 119 pounds

Occupational Rhistory: Driller and mucker 30 years: moforman 4 years; and
laborer {nonmining) 5 years.

Medical history: Negative.

Symptoms: Wheezing in chest, constant productive cough, slight’ shortness of
breath.

X-ray chest film: Category B with 3m background. Emphysematous areas and
glight pleural thickening.

Diggnozis: Complicated silicozis, moderately advanced.

Comarents: ILO. Classification B-8m. Moderately advanced complicated sili-
cosis with moderate symptoms in a copper miner working 34 years underground.
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FIGURE V.21.—Complicated silicosis.

Lead-zine miner and supervisor, white male. age 53, height 1 inches, weight
180 pownds,

Occuputional history: General miner 6 years: supervisory positions, part time
underground, in several mines, 26 Vears,

Medical history: Recurrent fever and ches pain past 3 vears. Has known he
has silicosis for 20 vears with progression of X-ray findings., Oceasional at-
tacks of “rhenmati=m.” Several lizht attacks of ™ during past 3 years.

Symploms: Slight shortness of breath.

X-ray chest film: Category B with 2m background. Fine micronodulations dif-
fusely scattered thronghout lungs, Moderate coialescence both upper lobes.

Diagnosis: Complicated silicosis, Iederately advaneed.

Comments: Although in supervisory positions during most of his niining career,
he has spent a considerable amount of time underground especially during
the early vears.

178



FIGURE V.22 —Complicated silicosis.

Copper winer, white male, age GG, height G0 inclhes, weight 138 pounds.

Oecupational history: Undergronnd pump opearator and muacker 20 vears:; sur-
face pump operator 6 years, Earlier jobs included truckdriving, ranching, and
construction work.

Medieal istory: Denied any past illnesses or present svimpioms.

Xeray chest film: Catezory C with 3n backzronnd., Nzezhell caleifications, am-
physema, hoth apices and bases, left hilum elevated, distortion in intrathoracic
atrnctares, and pleural changes. Confluent areas in borth middle and upper
KOG,

Diagnosiz: Advanced complicated silicosis.

Comments: Despite the X-ray evidence of advanced silicosis, this miner did not
report any positive medical history or symptoms.
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HEALTH SERVICES

A health service data record was completed for each of the 50 mines
where a medical survey was made. It contained information relating
to the provision of hospital services, physicians, nurses, first-aid equip-
ment, preplacement and periodic examinations, sickness absentee rec-
ords, health and safety provisions, washing and toilet facilities, and
change rooms.

Table V.26 shows that company hospitals were operated by one-
fourth of the mines. Of the 12 company hospitals 9 were at mines
with 300 or more employees. Neither company hospitals nor full-
time physicians or nurses were found in mines with less than 100 em-
ployees. Among the 21 mines with 100-299 employees, 33.3 percent
had full-time physicians and 38.1 percent had full-time nurses.
Among the 11 mines with 300-699 employees, 63.6 percent had full-
time physicians and a similar percentage had full-time nurses. The
T largest mines, those with 700 or more employees, had slightly higher
percentages. In addition, one mine specified a part-time physician
and two mines a part-time nurse. There were 27 mines or 54.0 per-
cent which did not have any full- or part-time service of a physician
or 4 nurse.

TABLE V.26.—Number of 50 metal mines* having specified health services according
to size of mine

Number of employess
Typa of health servicss | 5
Total Less 100-208 | I00-699 | 700 or
than 100 more
Mumberof mines-..._ = & 50 11 21 11 7
Number of employees___.______________ 19,172 687 |4, 237 (7, 443 | 6, 805
Health serviees at mines:
Company hospital...______________ 12 0 3 1 5
Full-time physician______________ 15 0 fi 7 B
Full-time nurse_ __ ______________ 21 0 8 7 (i
Preemployment examination: |
Fhyeienll o 44 7 19 11 7
Chest Xeray._________________ 43 8 18 10 7
Periodic examination:
Physieal_._______ ) 18 4 7 (!
Chest Xeray__________________ . 16 | 4 ] i 3

*Exclndes uranium mines,

Except in the smallest mines, preemployment physieal examinations
and preemployment X-ray chest films were usually made. All mines
with 300 or more employees had preemployment physical examinations
and all but one of these included X-ray chest films, Regularly sched-
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uled periodic examinations for all workers were much less common:
36.0 percent of the mines had such physical examinations and 32.0
percent included chest films. There was no definite trend according
to size of mine for periodic examinations. In several additional mines
there were regular chest film examinations, but only for certain
classes of employees. It was reported that X-ray chest examinations
were available upon request at several other mines but were not a
routine procedure.

Based on average mine employment there were 7,025 metal mine
workers at the 16 mines which required periodic X-ray chest films for
all employees. This represents only 36.6 percent of the workers at
all 50 mines studied who had the benefit of this important preventive
measure in silicosis control.

The answers to questions pertaining to the provision of first-aid
rooms, first-aid kits, and tramed firsi-aid workers indicated that most
of the mines had some type of these services with the exception that
first-aid rooms were reported in less than one-half of the smallest

mines,

Responsibility for the enforcement of health and safety provisions
was commonly under the direction of the safety department. Thirty-
nine mines had a full-time safety engineer and six mines had part-time
safety engineers, leaving five mines without this service. Three-
fourths of the mines had a safety committee.
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CHAPTER VI

A Retrospective Study of a Silicosis Control Program

BACKGROUND

It was rEcoa~1ZED that the metal mine study could be strengthened if
detailed retrospective envirenmental and medical data were available
for study. Information of this kind was necessary to demonstrate
the effect of a long-term environmental and medical control program
on the incidence and prevalence of silicosis. The opportunity to
study one such program was presented in 1959, when the attention of
the Public IHealth Service and the Bureau of Mines was directed to a
report issued by the Saranac Laboratory dealing with environmental
and medical studies in certain mines of the Lake Superior district.
This program had been inaugurated in 1933 by the late Dr. L. U.
Gardner, who had gained worldwide recognition for his silicosis
studies while associated with the Saranac Laboratory. Originally,
nine mining companies participated in the activity, but in 1946, three
of the companies discontinued the contract with the Saranac Labora-
tory, and in 1946, 1954, and 1955, three other companies ceased
operating.

An unpublished report, entitled “A Survey of the Progress of 25
Years in the Control of Dust and Silicosis” prepared by the field
division of the Saranac Laboratory in March 1959, was reviewed by
the Public Health Service and the Bureau of Mines. This report
supplemented a 20-year progress report which had been made in 1953.

The report presented an X-ray classification of chest films taken on
employees for the period 1934-58. This information is shown in table
VI.1. It should be noted that the first four periods include five mining
companies while the last period includes three companies. The strik-
ing fact shown by this table is the steady decrease over the entire
period for all classifications of abnormal X-ray findings, including
the most minor changes. Among the workers examined in 1934-38,
the percent with silicosis was 19.8. 1In succeeding periods, it fell to 12.4,
9.3 and 5.9 percent until there were only 3.4 percent with silicosis in
1954-58. Workers examined who had marked peritruncal exaggera-
tion amounted to 11.0 percent in the first period and 3.1 percent in the
last period. As would be expected, with the decrease in abnormal
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readings, the percent of workers with ne peritruncal exageeration
rose from 44.2 to 83.8 percent.

TABLE VI.1.—X-ray chest film classification (Saranac) of employees working in
iron mines with contracts with the Saranac Laboratory by period examined

Examination period

X-ray chest film elassification

1934-38 163643 144-48 1840-53 rl 1954-58

Total number of employees
R T e e e e *5, 207 | *7,060 | *7, 165 | *7, 145 5, 049

Percent of emplovees examined

No peritruncal exaggeration_ _ _ _ 44. 2 63.4 | 70.6 77. 6 83. 8
Peritruncal exaggeration (P;) .. _ 25. 0 17. 1 14. 1 11. 7 9.7
Marked peritruncal exaggera-

oY (] = B R S e s S e 11. 0 7.1 6.0 4 8 3.1
Silicosis (S, 8, By oo oo 19. 8 12. 4 0.3 59 3.4

*Includes 5 mining companies.
tIneludes 3 mining companies,

Another part of this Saranac Laboratory report deals with the rec-
ords of 271 individuals who had X-ray changes since 1934 that war-
ranted an inerease in their classification and had remained on the pay-
rolls as of 1952 and 1953. Among the 48 men whose dust exposure
was entirely in the 15 years (1937-53), there was a change from
normal to peritruncal exaggeration (P,) involving 40 men and from
(P1) to marked peritruncal exaggeration (P,) involving 8 men.*
No man showed a progression which would be considered as silicotic.
Men with exposure prior to 1937 did develop silicosis.

* The 1959 Saranac Laboratory Report defines P, and P. classification of
peritruncal exaggeration as follows:

“PERITRUNCAL EXAGGERATION (P:)—The X-ray pattern is
characterized by a slight accentuation of the shadows normally cast by
the pulmonary blood vessels and js uniformly in evidence in both lung
fields.

"MARKED PERITRUNCAL EXAGGERATION (P:). May be defined
as the general aceentuation of the pulmonary linear markings, being quite
pronounced and well defined, as described by Dr. Garidner, ‘these changes,
when associated with dust exposure, oceur in the vascular sheathe making
the vessels thicker than normal : consequently, heavier shadows are cast
on the roentgenographie film.' Marked peritruncal exagzeration is rarely
seen in the absence of dust exposure and can readily be accepted as evidence
of pneumoconiosis, provided the exaggeration is uniform in the lung fields
and there is a correlative industrial history.”
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In the period 1954-58, 41 employees of companies in continuous
operation through 1958 showed progressive chest X-ray changes.
There were 24 men whose only exposure was in the 21 years (1937-58).
One of these men progressed to silicosis, 14 went from normal to P,,
and 9 went from P, to P.. Seven of [ifteen men with part of their ex-
posure prior to 1937 progressed to silicosis.

The report concludes with the statements: “X-ray changes indicat-
ing the development of pneumoconiosis in this industry evolve very
eradually. However, it seems reasonable to assume that sufficient time
has not elapsed since the application of dust control to evaluate its
effectiveness. With the exception of one case, no frank silicosis has
developed from dust exposure subsequent to 1937, establishing the effi-
cacy of control of free silica bearing dust. Pulmonary changes (P,
and P.), ascribed mainly to the inhalation of dust considered incap-
able of producing silicosis, have been indicated to a moderate degree
by chest X-rays. Complete elimination of dust causing this type
of benign reaction obviously is not obtainable in underground mines,
but the reduction in the number of these cases over a 25-year period
attests to the effectiveness of general dust control and further im-
provement can be expected through constant maintenance of present
detection and preventive procedures.”

Several meetings were held between representatives of the Bureau
of Mines, the Public Health Service, the Saranac Laboratory, and the
companies participating in the control program, at which time it was
agreed that the information obtained by the Saranac Laboratory
would be made available to the Public Health Service and the Burean
of Mines. Since it would have been a very time-consuming operation
to review all of the available records, it was agreed that the following
steps would be taken: (1) the Public Health Service would review
a eross-section of X-ray chest films from the three mines included in
the overall survey to determine if there was a close correlation be-
tween the readings of the Public Health Service and the Saranac
Laboratory, and (2) the Bureau of Mines would review the environ-
mental and historical records of these three mines. Insofar as pos-
sible, a history of the dust control activities, together with the dates
of installation of the various control measures, would be documented
and if possible, the dust concentrations would be reconstructed uti-
lizing the companies’ information. However, a dust survey would be
conducted by the Bureau of Mines to determine the relationship be-
tween counts as reported by the companies and those obtained by the
Bureaun of Mines. These two steps were taken between 1959 and 1961.

It was determined that there was a close correlation between the
X-ray readings of the Public Health Service and the Saranac Labora-
tory. The Bureau of Mines was able to document fairly closely the
history of dust control procedures in the various mines and ascertain
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that the dust counts, reported in the companies’ records, correlated
closely with the dust counts obtained by the Bureau of Mines.

Because this correlation of environmental and medical findings
could be established, it was decided that it would be more expedient
to make a detailed study of one participating mine rather than at-
tempt to analyze a cross-section of all the data. After several con-
ferences with the companies and representatives of the Saranac Labo-
ratory, the Public Health Service and the Bureau of Mines suggested
that the Montreal Mine, of the Oglebay Norton Co., be used for a
thorough record study. The review of the historical data and in-
formation relating to dust concentrations was started by the Burean
of Mines on September 11, 1961, and completed October 25,1961, The
Public Health Service study of the medical records was begun in
December 1961 and completed in November 1962, The following
sections report the results of this retrospective study which has served
to confirm essentially the conclusions of the Saranac Laboratory and
to demonstrate the effectiveness of a medical-environmental control
program in the prevention of silicosis.

THE STUDY OF MEDICAL RECORDS FROM
ONE MINE

The plan adopted for the medical record study of the Montreal mine
was to record the X-ray readings on each man beginning with the
first film taken by the Saranac Laboratory and continuing from year
to year as long as he remained with the company. A similar year-to-
year job history was recorded including any dusty work he might
have done before entering employment of the company. A continuous
work history was obtained and the reason for an ¥ periods he did not
work was entered under “comments.”

The Public Health Service assumed responsibility for abstracting
the data from the company and medical clinic records. A separate
case history was prepared for each employee, consisting of two sheets,
namely, the work history and the record of X-ray films taken. In
order to be sure that no employee was omitted, a list was made con-
taining each serial number issued under the Saranac Laboratory pro-
gram. The first man whose X-ray was taken in 1933 was No. 1 and
the series progressed without break until the last man, No. 2244, was
reached in 1961. Once a man was assigned a Saranac Laboratory
number, it was never changed so long as he remained with the same
company, no matter how many X-ray films were subsequent] v taken.

The following classes of individuals were excluded from considera-
tion: persons with work experience at the mine of less than 1 year,
persons in nonmining oceupations such as male or female officeworkers,
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former employees who returned only for an X-ray chest film, and ap-
plicants who had X-ray examinations but were not hired.

A special effort was made, by searching insurance records and by
consultation wih company officials, to learn the present status of the
following classes of workers who were in the study group but had left
mine employment: (1) all persons with silicosis or “infection™ no
matter how many years they had been employed; (2) all persons
with 15 years or more of work experience in the mine. It was desired
to ascertain if these former employees were now working elsewhere,
were alive but not working, or if they had died and the cause. Copies
of the official death certificates filed with insurance records, were found
for most persons who had died, even those with short employment.
The attempt was also made to find the reason for leaving employment,
such as *“quit,” “fired,” retired, or died for each person whose em-
ployment was terminated.

Preemployment work histories were secured from the clinical rec-
ords made when a man was hired. After employment, it was possible
to secure a month-by-month list of jobs held from official sources in
the company employment office. Certain employees such as mechanies,
pipemen, electricians, and other maintenance men are likely to spend
part of their time on the surface and part underground. The actual
vears spent above and below ground were estimated after talks with
officials who were familiar with working practices,

One of the decisions made early in the planning stages of this study
was that X-ray chest film interpretations made over the years by radi-
ologists at the Saranac Laboratory would be compared with interpre-
tations of the same films by the panel of radiologists who served with
the Public Health Service on the Metal Mine Study. Since dual read-
ings of all of the tens of thousands of serial films available would be
an unwieldy task, and spot sampling was considered insufficient, it
was decided that the latest film on each man in the study would be
read by the Public Health Service panel of radiologists. In addition,
all men whose serial X-ray films showed any progression from normal
to a silicotic category or to more advanced silicosis, according to the
Saranac readers, were selected for special study. Each serial film
from such men was read by the Public Health Service panel, as were
a small group of films taken on other men which appeared to be of
special interest.

In comparing the results of the Saranae Laboratory readings and
the Public Health Service readings, it was found that there was a close
correlation between films classified as positive for silicosis by each
group, with the Saranac Laboratory readers tending to classify more
films as positive for silicosis than the Public Health Service readers.
Thus, out of 99 silicosis eases elassified positive by the Saranac readers,
T4 were considered positive by the Public Health Service readers.
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On the other hand, only five cases (out of the total of 1,293 men in-
cluded in the study) were classified as positive for silicosis by the
Public IMealth Service radiologists and not so classified by the Saranac
Laboratory radiologists; these five, however, were classified by the
latter as presilicotic. In studying the selected cases with serial films
showing progression from a normal appearance to that consistent with
silicosis, the two groups of film readings were in close agreement as to
when definite silicotic changes appeared. Therefore, in view of this
close agreement, all subsequent analyses of X-ray films presented here
will be on the basis of the readings from the Saranac Laboratory,
which provided an interpretation for every serial film in all eases.

DEescripTION OF THE MEMBERS OF THE STUDY GROUP

During the period when the Saranac Laboratory was examining
workers at the selected mine, there were 2,244 separate case numbers
issned from 1933 through 1961, Each of these individuals had one or
more N-ray chest films taken, as it was the practice to conduct annual
chest examinations on all underground workers and biennial exami-
nations on surface workers. There were as many as 28 serial chest
films in the files of some men.

As explained previously, certain persons were eliminated from the
study group. The following tabulation shows the number excluded
according to a broad elassification :

Reason for exclusion: Number of workers
yenrTkedilessthan A yeRriesi oy o B o D R 359
Notmining oteupationp. oo i e e e 225
HATTET  BIMPlOyeas - cam o e e e 155
Applicanbeimot-hired ot ssr S E e e R 216

dotalleseinded s e Sy 051

The group with nonmining occupations ineluded 47 female workers,
27 male white collar workers, and 148 men who were hired as pinsetters
in the company-owned bowling alleys. The 155 former employees
represented men who had not worked for the company since 1933,
but came bt ck to have additional chest films taken,

The present study is limited to the remaining 1,293 men. Of this
number 396 men had been hired and were already working when the
Saranac Laboratory records began on January 1, 1933, The total
number of years they had worked at metal mines both before and
after 1933 was as follows: 1-5 years, 46 men: 6-10 vears, 45 men:
11-15 years, 60 men: 16-20 years, 63 men: 21-25 vears, 71 men: and
26 years and over, 111 men. Among these men there were 116 at
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work prior to 1933 who remained with the company and were on the
payroll at the time of the study in 1961-62.

Table VL2 shows the employment history of the 897 men who were
hired in 1933 and subsequently. The number of years on the payroll
is shown for groups of men entering employment between certain
specified dates. Since 446, or 49.7 percent, of these men were still
employed at the time of the present study, their total years of em-
ployment were not completed. Also not taken into consideration 1s
the fact that 201, or 22.4 percent, of the men had had other mining
experience before being hired by this company. One-half of those
with previous mining experience had worked less than four years, and
11.9 percent had worked 10 years or longer. None of the 897 men
hired during 1933 or later had developed silicosis althongh 209 of these
had worked 16 or more years in this mine. Inecluded in the above
group were 88 men who had already worked from 21 to 29 years
without adverse effect at the time of the study.

TABLE VI.2.—Distribufion of workers hired in 1933 through 1960 according to year
began working with the presend company and number of years on the payroll

Total Year began working with present company
nmber of |
Number of vears on pay- | men who I
roll of present company bezan | I
working 1033-36 | 103740 | 104144 | 194545 | 1040-52 | 1053-54 | 1957-60
Sy J
hptal=cs sans . 207 113 121 217 | 151 201 = (]
s e S e 299 18 36 81 a9 a3 40 G
[t | e S e 216 26 22 28 9 53 AR e
1 173 11 8 12 Fir e || e |
1 ol 1 121 6 20 B5 1054 | S| (Il B =
P e L Tl S e 63 27 235 1] [N, [P IR S
R e e e i s 25 ) b S| [l e o | A T | T ] iy N
| i

It is interesting to note that 46.1 percent of the persons entering
employment in 1933-36 continued to work for more than 20 years,
454 percent employed during 1937-40 worked more than 15 years, and
39.7 percent employed during 1941—44 worked more than 15 years.
For each employment period, a large proportion were still working
in 1962. Except during World War 11, a relatively small percent
worked for the shortest period, namely 1 through 5 years.

It is apparent that men listed toward the bottom of each column
in table VI.2 include many who were still employed at the time of
the study. IHigher up the column all men, of necessity, would have
completed company employment.

Among the 396 men working at the beginning of 1933, there were
83, or 21 percent, who showed evidence of silicosis. Sixteen additional
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men in this group developed silicosis after 1933 while they continued
in employment. These silicotic workers will be deseribed in more
detail in a later section. Because of the curtailed demand for iron
ore, the men working in 1933 were a reduced portion of the normal
labor force. Evidently the older and more experienced men remained
at work, hence the concentration of workers with long experience in
metal mining.

The cause of death was known for 165 members of the study group,
silicotic as well as nonsilicotic. Since it was not possible to trace the
present status of all workers, other deaths have doubtless oceurred
which have not been recorded. Heart disease represented 42.58 percent
of the known deaths, followed by 28.6 percent from violent causes
such as industrial accidents, nonindustrial accidents, military action,
and suicide. Cancer was the cause of 14.9 percent of the deaths and
pneumonia of 5.4 percent. Only six deaths were attributed to pul-
monary tuberculosis and there were two deaths attributed to eirrhosis
of the liver. There was one death from each of the following causes:
Brain abscess, enteritis, appendicitis, encephalitis, Addison’s disease
and peritonitis.

WorkEeErs WiTH SiLicosis

For the study group of 1,203 men, it was possible to estimate the prev-
alence of silicosis among those at work in 4 different years. This is
shown in the following tabulation:

1633 1i40 1950 ‘ 1560

]
—
L8]

Number at work during the year_ __ _____________| *08 a7l 61T
Number with silicosis during the year____________ 83 79 51 | ]
Pereent with silicosis__ ___ __ _ __ o _.___ 2003 | 13. 8 e 1.5

*Includes 356 men at work Jan. 1, plus 12 men emploved during the yvear,

By definition, the study group included only men who worked
longer than 1 year at the mine, As the older men with luiz experience
before 1933 retired, few of the men remaining developed silicosis
so that the prevalence fell rapidly. By 1960, there were only nine
men with silicosis in the study group, a prevalence rate of 1.5 percent,
which was the prevailing rate at the time of the Public Health
Service study.

At the time of the first X-ray examinations in 1933, 83 cases of sili-
cosis were found in the study group. Of these, 55 were classified as
Stage I silicosis and 28 as Stage I1 silicosis. After 1933, there were
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five of these men with Stage I whose X-ray reading changed to Stage
IT and one man with Stage IT who changed to Stage I11.

In the years subsequent to 1933, there developed 16 more cases of
Stage I silicosis among men who at first were negative. Fach of these
men had worked before 1933 as well as later. Not a single one of the
total of 99 cases of silicosis found in the study occurred among men
who had worked only since 1933,

Table VI.3 shows for the 99 silicotic workers, their age and the years
worked in metal mines at the time they terminated their employment
with the iron mining company. It will be observed that three men
were still at work at the close of 1961. More than two-thirds of these
men were 60 years of age or older and 8.1 percent were 70 years or
older at time of termination. A very small proportion, 6.1 percent,
had worked less than 20 years in metal mines. Almost 40 percent
had worked in this dusty trade for a total of 40 years or longer in-
cluding some period of work after they had developed silicosis.

TABLE VI1.3.—Meial mine workers with silicosis according fo age and years in
mining when employment with the company was terminaled

Age of silicotic workers when employment Years in metal mining of silicotic workers when
terminated employment terminated
Workers Waorkers
Age in vears Years worked in metal mines
Number Percent Number Percent
Total . .- -- 990 100. O Total. .- -.. a9 100, O
Under 50_________ 12 T2 | -Under Bliceccccaaas 6 6. 1
T 1 L —— T ) R 11 = (B | G 6. 1
T 1 A el [ o5 I T 1 T g 9.0
MERE e 22 2220 Bl e o t18 18. 2
i 38 ok S O T e T21 2]1. 2
fd o R R ] L e (1 121 21, 2
75 and over....... 3 30| 45andover____.___. 18 18. 2

*Includes 3 men who were still working in 1961,
1Includes 1 man who was still working in 1961,

Among the 83 workers who were silicotic in 1933, approximately
two-thirds had experience in two or more mines, while a third had
worked in the study mine only. Table VI.4 shows the number of
years in mining prior to 1933. Although it is not known how many
years were required to produce the first evidence of silicosis, informa-
tion is available on how many years these men had mined before
1933. Two-thirds had worked for 20 or more years. Men with min-
ing experience less than 15 years represented one-third of the workers
in one mine only and 10.5 percent of the workers in two or more mines.
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TABLE VI.4.— Mining experience previous to 1933 of workers who had silicosis in
1933 by years worked in I mine only and in 2 or more mines

Number of workers Percent of workers
Total years in mining prior to
i Total In 1 mine |In2or more Total In 1 mine (In 2 or more
only mines only mines
L T e o i 83 27 56 100. 0 100. O 100. 0
Less than 10 vears_ ___ 3 3 0 3. 6 ik | 0
18 B 12 G G 14. 5 22, 3 10. 5
et ! SO SRR ST 13 1 12 16. 7 3.7 22. 8
0= e 25 a3 17 30. 1 20. 6 290. 8
e e L 23 8 15 27T 20. 6 26. 4
o0 years and over._ ... 7 1 G 54 3. T 10. 5

Work History, SussEQUENT To 1933, oF EMPLOYEES
WitH SiLicosis

The work history of each man who had silicosis in 1933 or later can
be traced in detail beginning with 1933 and continuing until he left
employment with the mining company. These men fall into three
groups: namely, 77 men with silicosis that did not progress, 6 men with
silicosis that did progress, and 16 men working in 1933 who later de-
veloped silicosis.

The 77 men, who had silicosis in 1933 which did not progress con-
tinued working for varying periods thereafter. Five of these men
left employment in less than 5 years, 15 stopped in 5-9 years, 15 in
10-14 years, 22 in 15-19 years, and 20 men continued working for 20
years or longer.

Table VI.5 shows the length of time worked for those who changed
jobs within the one mine and those who continued in the same type
of work until they left employment. As might be expected, the men
who changed jobs stayed longer with the company than those who
did not change. In the former group, 73.9 percent continued work-
ing for 15 years or more, while in the latter group, 25.8 percent
worked that long. When the occupation of the 31 men who did not
change jobs was examined, it was found that 19 were underground
miners, Seven of these continued mining for 15 years or more. Six
men were supervisors and remained in supervisory positions, all for
less than 15 years. Four powdermen worked less than 10 years., A
track cleaner worked 8 years and a surface laborer worked 11 years.

Among the 46 men, all underground, who changed jobs 1 or more
times, 39 remained underground in various capacities and 7T moved
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to work on the surface. The jobs held by these silicotic men when
they were first examined in 1933 were as follows: 35 miners, 3 shift
bosses, 2 track cleaners, and 1 each trackman, pumpman, drill repair-
man, slusherman, skip tender, and chuteman. Five of the seven men
who moved to the surface were miners. Two-thirds of these 46 men
spent 15 or more years in underground work after they had silicosis.
All but one of the men who changed to the surface worked less than
10 years.

TABLE VI.5.—Mining experience after 1933 of workers who had silicosis in 1933
which did nol progress, according to job status and years worked

Number of years worked after 1033
Work history
= Total -5 - { 10-14 15-18 | 20 and
OVEF
Number of workers
i 7 R e g el rii o 15 15 22 20
Changed jobs 1 or more times____ 46 0 4 8 19 15
Remained in same job_.......... 31 o 11 7 i a3
Percent of workers
Tntﬂ.l_,_______T __________ 100. 0 6.5|19.5|19.5 | 28.5 26. 0
Changed jobs 1 or more times____| 100.0 0 3.7 | 17.4 | 41.3 32. 6
Remained in same job___________ 100.0 | 16.1 | 35.6 | 226 | 9.7 16. 1

Nine of the sixteen men who developed silicosis after 1933 were
underground miners when they were classed as silicotic and remained
miners until they left employment. Four men changed from under-
ground to surface work at some time after they became silicotic.
Three men who were on the surface at the time of their silicotie
diagnosis remained on the surface. Years of mining experience at
the time of diagnosis as silicosis were as follows: less than 20 years,
6 men ; 20-29 years, 5 men ; and 30 years or over, 5 men.

The six men who changed from Stage I to Stage II silicosis or from
Stage I to Stage ITI worked a relatively short time after the more
severe stage was diagnosed. The number of years worked after the
change in diagnosis were as follows: 1, 2, 6, 9, 11, and 12. Previously
they had worked in the mining industry for 38, 36, 26, 22, 21, and 30
years, respectively.
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The following tabulation shows the year in which each silicotie

worker left employment in the mine:

Year: Number of men Year—Continued Number of men
g |t P 2 IO e D
b e O o | e et o, S o e 3
1 |y e e e e T 1 1052 o R e -4
Lt e s e e 5 AG68 oo L]
G + OGR4 o T e e T
I - e e e e o 3 3 e R e e R e 2
1 e et e o S 2 A | e e e W
Il e 3 T e e e G
A e e e B At e T e e 2
B e T e e e (i 3 b R e P T 1
104 e e ae 1 i b | e i e e S e e 5
g 2 b e e e 4 Workingf=——r oo i 3
Aol o e 4

This indicates clearly that there was no wholesale dismissal of
silicotic men, but there was a gradual departure as they reached
retirement age or became unable to work any longer. Considering
the fact that all of these men had worked before 1933 and that 83
men had silicosis in 1933, it 1s interesting that more than half remained
in mine employment until 1950 or later.

The present status of most of the 99 silicotic workers was deter-
mined at the time of the survey in 1962. Thirty-two were known to
be alive, 62 were known to be dead, and 5 were retired with status
unknown. The cause of death was ascertained for 54 silicotic men.
The largest group was 21 for heart disease, followed by 11 for cancer,
T for accidents, 6 for tuberculosis, 3 for suicide, 3 for pneumonia, 2
for kidney disease, and 1 for Addison’s disease. The proportion of
deaths attributed to tuberculosis seems remarkably low among this
small silicotic population although complete figures were not
available.

Presmuicoric CHANGES

Table V1.6 shows a classification of workers by lung field radiologic
markings according to years in metal mines for persons with some
experience before 1933 and experience only in 1933 and later. All
workers with a total of 10 years or more in one or more mines are
included. It is once again noticeable that no case of silicosis occurred
in the group with experience only since 1933, In addition, there ap-
pears to be a notable decrease in presilicotic changes, especially marked
peritruneal exaggeration (P.), which drops from 15.6 percent in the
group with earlier experience to 0.7 percent in the recent experience
agroup. A comparison of men with 10-24 years in metal mining shows
a decrease In the prevalence of P. markings from 5.4 for the pre-1933
agroup to 0.5 percent for the group with experience only since 1933.
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TABLE VI.6.—X-ray chest film readings by the Saranac Laboralory of workers with
experience before and since 1933 by years in melal mines

Lung feld markings—
Saranac reading

[

Years in metal mines

1i-14 | 15-19

Total ‘ ‘ 20-24 [ 25-04 34
bl [
Nunber
Eome experience before 1933
137, L SRS R 44 27 39 43 o3 280
TRArIARE e o F o 105 14 14 11 14 53
[ o TR Sl e s 172 11 19 25 25 02
vt e T L e 649 1 2 3 ) a8
e | Fled 1 e S S N *Ng 1 4 G g 78
Experience only 1933 and later
A B T i S PR 426 188 133 5 | (S o
BERPTRALE- e e 405 185 127 67 Ll L |
e PR 18 2 (1} 7 1l P
| e S e 3 | | e e 1 | E [ e
AT SR R TS | T e e T el T [ e
Percent
Some experience before 1933
Total. e 100, 0 100. 0 100, 0 100. O 100. 0 100. 0
MNormal - 23. 6 51.9 35. 9 24 4 26. 4 18. 6
el s SR 38. 7 40. 7 48. 7 55. 6 47. 2 32. 9
1 E e S S I 15. 6 37 i | 6.7 0, 4 2007
Siliicotie. o e o oo e e 22.1 3.7 1003 13. 3 17.0 27. 8
Experience only 1933 and later
L 1] P e 100. 0 100, 0 100, O 100, 0 1000 | _____.
Ty 0T | Pty WS S, 95, 1 98. 4 95. 5 80, 3 o] BT (I
11 o O 4, 2 I.1 4, 5 9 3 LM | e s = =
e o R i efrl 1.4 L IR [ e
et U et B S b ] I T R T (TN e = (R R L P e

*1 ease less than 10 years excluded,
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A similar trend is observed in peritruncal exageeration (P,), which
decreases from 38.7 to 4.2 percent. Again, for persons with experience
of 10-24 years the prevalence of P, falls from 40.5 to 3.8 percent.
Considering the normal films for persons with 10-24 years of ex-
perience, the early group shows 35.1 percent while 95.7 percent of men
working only since 1933 had chest X-rays which showed no evidence
of silicosis.

Another way of considering changes in X-ray markings is shown
in table VI.7. Here, men with 10 years and more of work in the mine
are placed in two groups: those who began working 1933—42, and
those who began 1943-52. None developed silicosis, but 6.2 percent
had some change in the first group and 1.3 percent in the second group.
Except for one man who began in 193342 and worked 20 years, all
changes were from normal to P,, the smallest amount of peritruncal
exaggeration in the Saranae Laboratory classification. This table
does not include the changes which may have taken place among men
with less than 10 years work, It is remarkable that there were so few
evidences of progressive X-ray changes in lung field markings in those
time periods where dust induced changes are most likely.

TABLE VI.7.— Presilicotic changes in chest X-ray interprelation of men with 10 years
or more of employment who began work in 1933-42 and 1943-52— Montreal mine

. Mumber of vears worked in mine
X-ray cheat film interpretation (Baranac Laboratory) Total

10-14 1516 H-24 2528

Men who began work 1933-42

Total examined _ _ _ __ o ________ 161 21 52 58 30

No change:

Mimmberd oe o= =t oo e koo LR 20 52 52 27
1T < ) A i el o=t o b o g 93.8 (952 1100.0 | 89.7 | 90.0
Change from normal to Py________________ 0 1 | 0 5 3
Change from Py 20 Py oo ccm oo 1 0 0 1 0
Percent with change_ __ __ __ . _ ... 6. 2 4 8 0103 10. 0

Men who began work 1945-52

Ak - ] e e (P MR S S 225 158 i | T

No change:
111 ] 7 R S SR L .- 157 [T (s A [
Peroent oo oo L ooocsiecon mo o TDRESS S o Sl B ] oee sl i
Change from normal to Py_______________. 3 1 20 e o
Percent withchange. .- _......___......| 13| 6| 3.0 | --_.. I, s

198



THE REVIEW OF ENVIRONMENTAL AND
HISTORICAL RECORDS

A study to obtain historical information on dust and related en-
vironmental conditions was condueted in the period from September 11
to October 25, 1961, at the Montreal mine, Oglebay Norton Co.,
Montreal, Wis. Information was obtained from company files, by
conferences with company personnel, and from Bureau of Mines files.
All available and pertinent information on the history of the mine
from the discovery of iron ore in 1885 through 1960 was reviewed.
The wealth of data made available has been condensed considerably
because of space limitations of this report.

History or OpeERATIONS AND GENERAL INFORMATION

Iron ore was first discovered within the present property limits of
the Montreal mine in 1885. The first efforts to produce ore from
the new discovery were by small open pit operations. At the time of
the study, the Montreal mine property embraced the former Montreal,
Trimble, Ottawa, and Section 33 mines. The first three of these mines
recorded iron ore shipments in 1886 and shipments from the Section
33 mine were made in 1889.

No record was found of the date when the first shaft was sunk on
the property, but early underground production was obtained through
numerous shallow shafts sunk at isolated spots along the strike of the
iron formation. As the workings became more extensive and it be-
came known that ore existed at greater depths, inclined shafts were
sunk in the quartzite footwall. By 1912, iron ore was being mined
through four shafts from the property now embraced by the Montreal
mine. Two shafts on the west side were called the Montreal mine,
and two shafts on the east side were called the Ottawa mine. Some-
time prior to 1921, two five-compartment inclined shafts were sunk
in the quartz slates 300 feet south of the footwall. These shafts re-
placed the four old shafts and were operated independently as the Ot-
tawa and Montreal mines. These two shafts, designated as Montreal
No. 4 and Montreal No. 6, were still in service at the time of the study.

A comprehensive geological study in 1920 revealed possibilities of
orebodies at greater depth. An exploration program confirmed the
geological deductions and determined the lateral limits of the ore to
a considerable depth. A study of deep mining followed, and the pri-
mary question was whether or not shafts at each end of the property
should be continued or whether a new shaft should be sunk to handle
total production. Furthermore, there was a block of unexplored
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ground in the center of the property into which the orebodies were
pitching.

Sinking of a centrally located vertical shaft (No. 5) was begun on
August 16, 1921. The shaft was 3,036 feet deep when completed in
June 1928, and records revealed that it was sunk in at least three
“lifts.” The first 600 feet of the shaft passed through quartz slates
and the remainder of the shaft was in greenstone. Connections to
underground workings were made as each “lift"” was completed.

At the time of the study, No. 4 shaft was a ventilation and escape
shaft. No. b shaft was the main hoisting and pumping shaft from
the 35th level to surface. No. 6 shaft was used for hoisting men and
supplies. Inside the mine an auxiliary shaft, sunk during the years
1951 to 1956 and located 1,100 feet north of No. 5 shaft, extended a
vertical distance of 1,894 feet below the 31st level. This shaft was
connected at several levels with the No. 4 and No. 6 shafts.

Over the past 40 years, mine employment had varied between ap-
proximately 300 and 900 men (see table VI.8). During this period
25 to 30 percent of mine employvees worked on surface.

During the study, the mine was worked two shifts a day, 5 days a
week. IHoisting was conducted on three shifts. The mining places
extended for about 6,000 feet in an east-west direction and from 3,000
to 4,000 feet below the surface. Average annual produetion for the
past 20 years had been approximately 1 million tons of iron ore.

GEOLOGY

The Gogebic Range iron formation consists of a series of sedimen-
tary rocks, with numerous intrusive diabase dikes. The members of
the iron formation were easily identified and regular in both strike
and dip, except where displaced by faulting. The footwall of the
formation was a quartzite, grading downward into a slate and resting
on a greenstone basement rock. The members of the iron formation
in ascending order from the quartzite were the Plymouth, Yale slate,
Norrie, Pence slate, Anvil, and other upper slates. The hard quartz-
ite footwall and the middle band of Yale slates were in general, the
mmpervions members of the formation. Productive horizons were
the lower Plymouth, upper Yale, Norrie, and lower Pence. The bulk
of the ore occurred in the Plymouth and Norrie members of the forma-
tion. The Plymouth and Norrie members which overlay the ore bodies
were composed of bands of very hard unaltered chert interspersed
with bands of softer leached material.

The ore was hematite and classified as soft. Most of it had a clay-
like consistency with hard ribs throughout. Relatively large open-

200



TABLE VI.8.—Statistical date on company operations in Montreal mine

Year Toms of ore T'onz of rock Feet of entry Average total
produced hoisted work employment
U W e e 151, 138 35, 813 11, 130 311
P e Bl e e e 405, 537 65, GEG al, 195 478
1 792, 942 o5, 051 40, 503 ToT
1L e THE, 006 77, 411 b5, 593 736
1L ey Co e 012, 056 123, 649 Gd, 825 748
D e e S 1, 105, 899 158, 563 B, 013 917
|2 e 1, 162, 116 103, 053 a7, 500 802
R e e ] 1 (8BTS 114, 176 40, 066 789
NS e 1, 250, 350 a7, 761 43, 973 896
1121 ) e e e i B 152, 108 a8, 967 fifd
IR e S P S 753, 992 a0, 580 20, 010 448
11 e e s 402, 732 25, 119 12, 917 343
1 e e 210, 289 21, 9495 b, 133 360
L e S i, 965 29, 003 11, 674 375
e s e 678, 127 69, 187 9, 933 430
e e 802, 536 a0, 651 16, 021 455
i e G 953, 810 68, 759 24, 971 508
111 T SR ) 7496, 730 94, 025 20, 968 464
Lk e 808, 973 109, 741 17, 802 559
2T e e 1, 015, 463 08, 689 23, 958 558
1 | S T e 1, 080, 136 0@, 798 26, 758 609
|0 R ey St M S B 1,118, 294 69, 260 26, 196 617
111 (R S S — 1, 120, 793 84, 494 14, 227 641
1LET & [ S SO S 1, 081, 503 G4, 320 6, 953 635
110 5 i 1, 113, 929 50, 206 6, 467 585
111 e SN | 857, 227 42, 320 9, 167 610
LT (P o 1, 152, 196 a7, 765 7, 833 638
L b 1, 088, 034 54, 479 8, 104 641
AR e e 062, 119 58, 943 8, 184 658
1T e S PR S, 1, 094, 793 110, 901 13, 195 697
L e 1, 119, 703 127, 166 15, 507 715
1 977, 191 122, 893 16, 179 710
52 ! | 8 & v 155, 380 19, 522 729
L Do R T S 1, 014, 683 154, 504 21, 270 724
s R T e 931, 633 150, 933 22, 625 727
L e 883, 073 137, 157 20, 243 730
e el TR 066, 049 190, 597 25, 552 133
e e 693, 723 151, 372 20, 695 693
e e o 4490, 490 68, H64 10, 184 639
| I e 055, 394 103, 701 13, 530 617

ings, especially under new capping, could be made in ore without im-
mediate caving. Three grades of ore, Bessemer, non-Bessemer, and
manganiferous, were produced. Through the years the ores have
analyzed from approximately 57.5 to 60 percent iron, dry, and from
7.0 to nearly 9 percent silica.
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Total and Free Stlica Determinations

Free silica determinations for the various members of the iron for-
mation were not available. An analysis of greenstone samples made
i 1936 revealed the following: free silica 0-12 percent, magnetite
2-T percent, sericite 1-2 percent. The remainder was plagioclase,
hornblende, epidote, ete. Another file notation stated that greenstone
averaged about 10 percent free silica.

A free silica determination made by the Bureau of Mines revealed
that a composite sample of the ore hoisted in one day contained 4 per-
cent free silica. Settled dust samples collected at various under-
ground and headframe loeations contained from 5 to 23 percent free
silica.

Numerous samples of the various members of the iron formation
were analyzed for total silica. Averages of these analyses are tabu-
lated below :

:"'?;::'p“'l-;ﬂ“f Material analvzod IJEE?:;F{E.
L3 [ G resnakones cosiomal ol s e L e e 58, 60
129 | Quartzite and quartz slates___________ o ______ 65. 70
LY e e s e o A 36. 00
27 | Cherty iron formation. ... . cenaeeen 36. 23
10 | Yale and Penceglates . - oo oo i eeeaaea 43. B8

Quartzite varied from a low of about 40 to a high of nearly 90
percent total silica, dike 18 to 45 percent, cherty iron formation 16 to
853 percent, and slates 27 to 63 percent.

Minine METHODS

Various methods of mining have been employed throughout the
Montreal group of mines. In the early days of mining in the area an
overhand, open-stoping method of mining was utilized. Entry into
the mines was made through numerons shallow shafts sunk in the iron
formation. Ore was hand mucked into end-dump tram ecars and
hand trammed to raises or the skip pocket.

Wherever the hard strong ore persisted, the mining method was
gradually changed to a sublevel open-stoping method with a 33-foot
sublevel interval. The first sublevel above the haulage level was a mill
raise and blasting sublevel. The block of ore to be stoped varied
from 100 to 200 feet in height and was about 200 feet in length.
Width of an orebody varied from 15 to 100 feet. Manway raises were
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driven through the orebody parallel to the quartzite footwall at in-
tervals of 200 feet. These raises were connected by sublevel drifts at
33-foot inclined intervals. Midway between manway raises a mill
raise was driven up through the orebody along the footwall and a slot
was formed from footwall to hanging wall through the orebody.
The ore was mined by widening the slot and then benching around the
mill raise. Mining was accomplished by retreating to the manway
raises. As the stope was enlarged additional mill raises on 25-foot
centers were driven to intersect the stope. The sublevel open-stoping
method of mining was terminated in 1940.

In the western portion of the property, the soft, granular ore was
developed by driving three or four parallel haulage drifts on 50-foot
centers. Inclined raises were driven on alternate sides of the drift at
intervals of 25 feet and extended to the top sublevel. Sublevel inter-
vals were 25 feet and branch raises were driven to form a grid or
checkerboard pattern of raises on 25-foot centers on each sublevel.
With the introduction of double-drum electric slusher hoists in 1925,
1t was no longer necessary to drive so many raises. At that time, a
series of raises was driven from main level crosscuts at about 33-foot
intervals, and connections were made between raises on each sublevel.
The ore then was slushed through these connecting drifts and cross-
cuts to the raise on each sublevel. Cars of ore were loaded through
chutes on the haulage level. Following the introduction of slushers
on the mining sublevels, slushers were utilized for loading ore into
ears on the haulage levels. However, due to the inability of the slusher
operators to handle the ore from the innermost raises, a method of
mining evolved whereby only one raise, a short distance from the
erosscut, was driven up parallel to the footwall. Cross mucking then
was begun on each sublevel and all ore from each block was trans-
ferred to the loading drift through a single ore pass raise.

At the time of the present study, ore was being mined by a sublevel
caving method. Main level interval was 150 to 200 feet and the sub-
level interval was 50 feet. Ore bodies were approached by main level
drifts in the quartz slates south of the footwall. Main-level crosseuts
were driven north from the slate-rock haulage drifts at intervals of
300 to 400 feet. Loading drifts, from which trains were loaded, were
driven from main-level erosscuts into the ore bodies for about 60 feet.
A single loading drift serviced a block of ore which measured from
20 to 150 feet from foot to hanging wall. A double-compartment
mining raise, without chutes, was driven up from each loading drift
parallel to the quartzite and about 35 feet from the mouth of cross-
euts. This raise was driven to the top sub, and subs were cut out at
50-foot intervals. On the top sub a crosscut was driven south into
the footwall rock and a ventilation, supply, and manway raise was
driven to the level above, holing through in rock. From the raise on
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the top sub, a transfer drift was driven east and west approximately
150 to 200 feet in each direction or to the limits of the block. This
completed the development of a 300- or 400-foot block of ground.

Breaking ore by the sublevel caving method consisted of cross-
cutting to the limits of the ore and breaking and caving the side and
back pillars in retreat. The ore was blocked out in 50-foot pillars
along the strike of the formation starting from a point 150 or 200 feet
east or west of the mining raise and retreating to the raise.

In attacking a 50-foot pillar, two crosscuts were driven on 25-foot
centers from the main transfer drift. A manway was made by raising
midway between these crosscuts and driving an untimbered subeross-
cut 25 feet above the mining sublevel. Openings from the inside of
each crosscut were carried upward and enlarged until they broke
through to each other and the manway suberosscut 25 feet above.
From the manway suberosseut the stope was enlarged from narrow
benches. As slice holes were blasted in the walls, the back caved until
it arched over the width of the opening created. Slicing was earried
on until the protecting shell of ore around the stope was remarkably
thin. Supporting ribs were then cut and the stope entered the drop-
ping stage which continued for several shifts. The opening made
was confined within the limits of the 50-foot-wide pillar. After the
pillar was mined back to the transfer drift, during which time the
legs were also removed between stope holes, a stope was opened on the
footwall side of the slushing drift or over the drift in the same
manner.

History oF ORGANIZED SAFETY ACTIVITY

A safety department was first organized during 1923. Records re-
vealed that the department was headed by a safety engineer, but in-
formation on the size and specific duties or objectives of the depart-
ment could not be found.

Sometime during the late 1920°s the safety department was reor-
ganized and a safety director was appointed. Under the director
there were two safety engineers and three underground inspectors.
Each inspector was assigned to one of the three shaft areas.

The first ventilation engineer was hired in 1933, and through 1935
he devoted full time to ventilation, dust counting, dust control meas-
ures, and recordkeeping. In 1936 the ventilation engineer was ap-
pointed safety and ventilation engineer and was made the head of the
safety department. About the same time, an assistant safety and
ventilation engineer was added to the department, which, during the
late 1930’s was composed of four men. ;

The safety department continued to perform safety and ventila-
tion duties until 1954, at which time ventilation duties were trans-
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ferred to a separate supervisory department. At the time of the study,
the safety department consisted of a safety director, an underground
inspector, and a clerk who also did dust counting and certain surface
inspections.

First mention of the use of safety equipment was made during the
sinking of the third “lift” of No. 5 shaft in 1928, Eye protection at
that time was provided by wire-mesh goggles,

At the time of the study, the use of hard hats, safety glasses, and
safety footwear was mandatory. Other personal protective equip-
ment or devices were provided where necessary and recommended.
Respirators were required to be worn by miners during drilling and
seraping operations.

First-aid boxes and equipment were provided at key points on sur-
face and underground. A well-equipped first-aid room was provided
in the central change house.

Meetings constituted an important part of the safety program.
Information vital to the advancement of safety was discussed at weekly
underground foremen's safety meetings and monthly Central
Safety Committee meetings, which were attended by all foremen and
top management. At these meetings, past accidents were reviewed,
findings during safety inspections, and other pertinent safety infor-
mation and fire prevention measures were discussed.

The company had subscribed since 1940 to a service which pro-
vided safety posters for bulletin board use on surface and un-
derground, supervisory educational and training pamphlets, manage-
ment information bulletins, and services in connection with mine
suggestion system. Personnel from the mine had regularly partiei-
pated in safety programs and meetings sponsored or conducted by
mining companies and other agencies. The company had maintained
membership and had actively participated in the Lake Superior Mines
Safety Council since the early 1920's and the mining section of the
National Safety Council since the early 1930°s. Numerous employees
had received Bureau of Mines first-aid, mine rescue, and accident pre-
vention training. Mine rescue crews were trained twice a month by
company personnel. Mine air collected at several points throughout
the mine was analyzed semiannually by the Bureau of Mines.

The company had for many years maintained a doctor’s office and
provided medical care for employees. The date of constructing and
equipping the first office could not be ascertained, but records were
found which revealed that the company had purchased an X-ray ma-
chine in 1914 and replaced it in 1928. New X-ray equipment was pur-
chased in 1950,

From May 25 to November 1, 1933, the mine was temporarily closed
for economic reasons. Prior to the closing about 470 employees were
eiven physical examinations including chest X-rays. When the mine
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reopened in November 1933, all employees were reexamined. This was
the start of preemployment physical examinations. Late in 1933 the
company began annual physical examinations for all underground
employees. Surface employees received a physieal examination every
other year. Examinations were given as often as quarterly in occa-
sional questionable cases. Ioistmen were given a complete physical
examination every 6 months.

Since 1941, the mining company had rented doctor’s office space
in a city-owned building and furnished the necessary equipment. An
X-ray technician was employed full-time by Saranac Laboratories
for duty at this office and one other on the Gogebic Range. A full-time
qualified laboratory technician was provided by the company. Annual
physical examinations were scheduled and arranged for by the safety
department.

WVENTILATION

In the early days of mining in this area, the shallow mines were
sufficiently ventilated by natural means. The open-stoping met hod of
mining created underground openings and eventual surface sub-
sidence openings through which air could easily circulate. Natural
ventilation, therefore, continued to provide cireulation throughout the
Ottawa and Montreal mines as long as the open-stope method of
mining continued. This method of mining was practiced to a depth
of nearly 3,000 feet on the east side of the property and to about 1,200
feet on the west side of the property. No records of fan installations,
air quantities, or other ventilation data were found for the years prior
to 1920,

After sinking the central shaft (No. 5), which was completed in
June 1928, company records and reports revealed that “a plentiful
amount of air tended to flow through the mine during the winter
months, but during the hot summer months a shortage of air was
noted in the workings on the western end of the property.” Records
revealed that at least 11 auxiliary fans ranging from 5 to 15 horse-
power were in use throughout the property by June 1930.

To relieve the lack of ventilation during summer months, a 60,000-
e.fan. Jeffrey Aerobladed rotary blower powered by a 25-hp. motor
was installed on the 27th level, No. 5 shaft, in August 1930. This is
the first primary fan installation on record for this mine. In Decem-
ber-of 1931 a second primary fan, a 60-inch Jeffrey Aerovane fan
powered by a 20-hp. motor, was installed on the 29th level of No. 5
shaft. 1t may be assumed that either or both fans were pulling air
down No. 5 shaft, or from open stopes in No. 5 shaft territory, and
forcing air toward No. 4 shaft workings as the records showed that No.
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5 shaft was maintained downeast in the early days and No. 4 shaft was
upeast due to natural atmospheric pressures.

In 1932 four No. 214 Anaconda-type Troy Sorocco blower fans
were put into service in various working places. This raised to 15
the total number of auxiliary fans on record at this time. No records
were found to indicate where these fans were located or how much
air was being coursed through underground workings.

Reports revealed that after a ventilation engineer was hired, an in-
tensive study of existing and proposed ventilation measures was
undertaken. One of these reports, dated May 1933, was prepared
jointly by a representative of Saranac Laboratories and the company
ventilation engineer. This report disclosed that the Montreal mine
was divided into three main areas for ventilation purposes: The Nos.
4, 5, and 6 shaft territories. Air for No. 6 shaft territory entered the
downcast No. 6 shaft- to the 33d and 34th levels from where it was
coursed westward and/or upward through workings and eventually
vented into the open stopes in No. 5 shaft territory. Air for No. 5
shaft territory was drawn down No. 5 shaft to the 27th and 29th
levels by the fans on each of these levels. The fan on the 27th level
forced the air into the workings in the hanging wall formation. From
the 27th level the air was coursed upward with the aid of auxiliary
fans and ventilation doors. This air was exhausted into the open
stopes west of No. b shaft above the 25th level. Air for the No. 4 ter-
ritory entered the mine on the 29th level at No. 5 shaft. This air was
forced westward through the haulage drift and haulage crosscuts to
both the footwall and hangingwall workings in the No. 4 territory.
The air was then coursed upward through raises and exhausted into
No. 4 shaft on the 27th level. No record was made of the quantities of
air available or the length of time the mine had been ventilated in this
manner. This system of ventilating the mine had several disadvan-
tages: Cold winter air was encountered on the levels and at the shaft
by men coming from warm working places, ice formed in the shafts
maintained downecast during the winter months, dust from activities
m the shaft was earried into the mine with the downeast air, and dust
was introduced to working places by moving air through raises
countercurrent to the movement of ore. Several proposals for cor-
recting these conditions were advanced. It was finully decided that
No. 4 shaft should be maintained upeast, but experimentation was nee-
essary to determine the best possible source of fresh air from the No.
5 and No. 6 territories. It was proposed that various sources of air
and methods of cirenlation be tested experimentally. Dust, humidity,
and temperature determinations were made and air velocities were
measured at principal points throughout the entire mine during these
ventilation experiments. Some of this experimentation was made
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in the late spring of 1933, but was halted when the mine was closed
for economie reasons on May 25.

In the fall of 1933 work was begun on the construction of an air
heating unit and fan installation at the collar of No. 4 shaft. It
was decided to maintain No. 4 shaft upeast, but it was anticipated that
air would have to be heated if it was ever decided to make No. 4 shaft
downeast. About this time a decision also was made to obtain fresh
air for No. 6 shaft territory from the open stopes in that area. Aec-
cordingly, in November of 1933 a 40,000 c.f.m. fan was installed at the
collar of No. 6 shaft and operated exhausting. The fan and heating
unit installation begun in the fall of 1933 was completed at the collar
of No. 4 shaft in September of 1934. The fan was operated exhaust-
ing and drew approximately 65,000 e.f.m. through No. 4 territory and
up No. 4 shaft. For most of the period from late 1933 through 1934,
No. 5 shaft was maintained downeast. All primary fan installations
were made to provide flexibility so that different schemes of ventila-
tion could be tried experimentally.

The foregoing discussion is presented to illustrate the degree of
detail with which records of ventilation practices had been kept.
As space limitation does not permit similar detailed account of venti-
lation procedures and improvements throughout the life of the mine,
the following salient data relating to ventilation are presented in
summarized form :

Before 1933

At least 11 auxiliary fans were in use by June 1930.

First primary fan was installed in August 1930,

Second primary fan was installed in December 1931.

Four additional auxiliary fans were put into service in 1932.

1933-36

Full time of first ventilation engineer was devoted to ventilation,
dust counting, and dust control measures.

Mine air analysis started.

A primary fan was installed at the collar of No. 4 shaft.

A primary fan was installed at the collar of No. 6 shaft,

Primary and auxiliary fans were continually being relocated to pro-
vide ample circulation of air. Approximately 150,000 c.f.m. of air
was being circulated through the mine at the close of this 4-year
period.

First installation of automatie ventilation doors which permitted
the passage of ore trains without interrupting the main air current.

193740

A primary fan was installed on the 29th level of No. 5 shaft. Other
primary fans were now located on the 33d level of No. 6 shaft, the
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27th level of No. 5 shaft, and at the collar of No. 4 shaft. These four
fans provided a total of 180,000 c.f.m. of air.
The number of auxiliary fans was increased from 15 to about 30.

Began driving special ventilation raises in rock to avoid contamina-
tion of air being coursed to working places.

1941-44

A fifth primary fan was installed on the 31st level of No. 6 shaft.
Forced ventilation was increased from 180,000 to 200,000 ¢.f.m.

The number of auxiliary fans at the close of this period was 35.

By the end of this period fresh air for the mine was being drawn
through open stopes in No. 5 and No. 6 shaft territories.

194548

Fresh air was supplied to lower levels in No. 6 shaft territory
through a special rock ventilation raise driven from the 38th to the
35th level.

Underground primary fans were relocated during this period, but
forced ventilation was not inereased.

The number of auxiliary fans in use was increased from 35 to 53.

1949-52

A sixth primary fan was installed in the rock ventilation raise on
the 38th level of No. 6 shaft. Forced ventilation was not increased.

Special rock ventilation raise in the No. 6 shaft territory was driven
from the 35th to the 33d level to provide a more positive access for
fresh air.

A total of 67 auxiliary ventilation units was now in service.

1953-56

One new primary fan was installed on the 37th level of No. 6 shaft
to replace two of the three fans in service in that area. Forced venti-
lation virtually unchanged.

The number of auxiliary fans was increased from 67 to 84.

1957-60

One new primary fan was installed on the 29th level of No. 5 shaft
to replace the two old fans in service in this area.

Forced ventilation was increased to 205,000 e.f.m. This was equiva-
lent to about 750 c.f.m. of air per man on the maximum operating
shift.

A total of 81 auxiliary ventilation units was in service at the end
of this period.
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Other Ventilation Improvements

Since 1935 mine air had been analyzed by the Bureau of Mines or
by the company. All records indicated that mine air quality had been
satisfactory.

Weekly ventilation meetings attended by supervisory personnel
were begun in April 1934, At the time of study, regularly scheduled
ventilation meetings were no longer conducted, but shift bosses were
responsible for reporting ventilation findings on their daily report
forms. The ventilation engineer checked underground conditions al-
most every day and made a monthly survey of quantities of air at main
level intakes and exhausts.

Special ventilation raises were maintained in rock to avoid con-
tamination of air being coursed to working places. These special
raises also insured more positive passage of air than forcing air up
through caved material. Drifts, too, were driven in rock. A main
reason for this was to insure openings for removal of exhaust air.
Exhaust air from rock headings was discharged from the face through
tubing and up a ventilation pipe in the auxiliary shaft to an aban-
doned drift and then exhausted through the drift to No. 4 shaft.

History orF Dust CoONTROL

Wet Drilling

The earliest mention of wet drilling was found in a report dated
1922, At that time, 10 Ingersoll-Rand, No. 448, water-type drills
were used in main level development work. A later mention of wet
drilling was found in records covering the sinking of the third “lift”
of No. 5 shaft. This shaft-sinking job was undertaken during the
period from October 1927 to June 1928. Denver (Models 7 and 17),
Ingersoll-Rand (N-72), and Sullivan (hand-held) drilling machines
were used. Water was piped down the shaft to a manifold from
which the water was supplied to the drill machines through 15-inch-
diameter hoses. Throughout the 1920's, RB12 auger drills were used
in ore,

During 1933 and 1934, company dust counting and ventilation
records indicated that tests were being conducted with wet and dry
drilling. Most experiments were conducted during drifting and rais-
ing, primarily in rock. In Febrnary and March of 1934, experiments
were conducted with Ruemelin dust traps during dry drilling and
resin soap and pine oil emulsions in wet drilling. Neither of these
proved very successful. Drilling in ore during this period, as far as
could be determined, was still being performed almost exclusively
with dry auger drills.
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It could not be definitely determined just when 100 percent wet
drilling was adopted. Various records indicated that early in 1934
Ingersoll-Rand Water-Leyner drills, types S-T0 and N-T72, were used
for drift and raise work respectively. Drilling in ore was done both
wet and dry for at least another year and possibly two. Records from
late 1935 and early 1936 were somewhat contradictory, but it was con-
cluded that wet, jackhammer-type, drills were used in hard ore and dry
auger drills, which produced relatively little dust, were being used in
soft ore. From available records, it can reasonably be assumed that
100 percent wet drilling was in effect by 1937.

Other Use of Water to Control Dust

Various means by which dust may be allayed with water were dis-
cussed in nearly all company dust and ventilation records and reports
dating back to January 1935. Ewvidences of earlier uses of water as a
dust-control measure, other than wet drilling, were not found. Cross-
connections between air and water lines were installed in 1933 and
1934, These connections enabled an air-water mixture (fog) to be
blown into a heading after a blast. By the middle of 1934, records
revealed that 13 “water blasts” were installed in underground ore
places. Water blasts or sprays were installed and used whenever dust-
producing operations in a working place contaminated air being
coursed to other working places.

At the time of the study, water was used liberally in all rock head-
ings. The back, face, and sides of headings were wet down before
drilling and after blasting. Muck piles were wet down before and, as
required, during scraping. Shaft stations were wet down when they
appeared to be dry and dusty. The underground erusher station was
washed down at least two nights a week. Except for wet drilling and
water sprays, (water curtains) as required to allay dust in air enter-
ing or leaving a heading, the use of water in ore places was avoided
as much as possible.

Other Improvements or Dust Control Measures

Establishment of regular blasting times and close control of blasting
practices had contributed greatly to reducing the exposure of miners
to airborne dust. In 1933 consideration had been given to eliminating
all blasting except immediately before the lunch period and at the end
of the shift, but the records did not show when this praectice first went
into effect. Regulated hours for blasting were in effect at the time
of the study, except in respect to blasting in rock headings that ex-
haust air through vent tubing to abandoned drifts, and blasting in
hung-up stope holes after barring had failed to cause ore to run.
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Although not verified by experimentation and dust counting, com-
pany officials felt that scraper loading instead of chute loading of
tram cars produced less dust. It was evident that one loading point
in each ore block instead of chutes at 25-foot intervals meant fewer
dust-producing locations and enabled better dust control on the haul-
age levels,

Tests were made on various filter-type respirators during the first
half of 1934, and within a year respirators were supplied to all men
going underground. Orders concerning the use of respirators were
circulated and posted. A copy of orders issued about 1935 is shown in
figure VI.1. Air-line respirators were also introduced in late 1934
or early 1935. Their use was confined primarily to men working in
rock headings. The use of air-line respirators was discontinued in
1942. Approved filter-type respirators were issued to all underground
workers at the time of the study.

FIGURE VI1.—Orders to Captains and Bosses—TUse of Respirators Under-
ground. (Prepared in 1935 for Montreal mine. )

Respirators are to be supplied to all men going underground and are to be worn
during operations in ore or rock which produce dust and wherever dust is
present.

Chief dust-producing operations are—

Blasting.

Drilling with any type of drill including the auger.
Mucking with slusher hoist or shoveling by hand.
Running ore or rock from stopes

Loading cars from chutes,

Loading cars-with slusher hoist in loading drifts.
Loading skips at skip pockets.

Dumping cars at loading pockets.

. Using blowpipe on cars, motors, drill-holes, ete.

10. Guniting.

11. Sweeping with brooms.

R I A O

Respirators should be washed by the miners at the end of the shift and kept
in clean clothes lockers, Facelets should be changed when they become worn
and frayed. Filter pads are to be changed every 4 hours and oftener where
necessary as in wet drilling where pads =con become damp and difficult to
breathe through.

Dust Prevention Egquipment

Water sprays are to be used in roek headings after blasting to wet down broken
rock during mucking.

Water blasts in rock headings are to be turned on for a period of 15 to 30
minutes immediately following blasting. The fine mist of the water blast settles
dust produced in blasting and prevents it from mixing with fresh air eurrents.
It also helps to kill gases and wets the heading.

Awriliary fans are to be used in all rock headings with fan tubing up close to
the face. Leaks in tubing should be repaired promptly.
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Dust prevention and control measures were diligently pursued.
Rules and regulations were formulated, circulated, and posted. A
copy of Rules for Dust Prevention, prepared in 1936, is shown in
figure VI.2.

Fioure VI.2.—The Montreal Mining Co., Rules for Dust Prevention. (Prepared
in 1936.)

Rockivork

Drilling. During all rock drilling in any part of the mine, miners mnst wear
air-line respirators. Others coming into the heading for inspection or other
purposes, must wear a respirator.

Mucking., Muck piles must be wetted down during entire mucking period and
miners in the heading must wear approved respirators.

Blasting. Blasting is to be done only at the end of the shift unless the smoke
and dust pass dirm:l:ls" to the main air outlet and nobody is working in the path
of the smoke and dust. After blasting, the face and walls of the heading must
be washed down with a hose before any work is done.

Ventilation. All rock places must be ventilated with an auxiliary fan set in
the fresh air current and provided with metal pipe and Ventube, with end of
Ventube kept up to a point not more than 25 feet from the face,

No fan is necessary where the working place is in a main fresh air current.

Orework

Miners are required to wear the ordinary respirators during drilling, slushing,
and on entering working places after blasting. After drilling or slushing is
finizhed, miner should continue to wear the respirator for a reasonable length
of time. '

Blasting should be done at the noon hour or end of the shift wherever the
working cycle can be so arranged. Miners must wait in the fresh air current
for places to clear after blasting.

Company Dust Counts

Late in 1932 or very early in 1933, specialists from Saranac Labora-
tories were consulted concerning ventilation problems and dust-con-
trol measures. Dust sampling and dust counting by company
personnel were begun early in 1933. About 250 samples were collected
and recorded during the first year of sampling. Samples were col-
lected in both ore and rock places during drilling, mucking, timbering,
and general working operations.

Tables VI.9 and VI.10 show the average company dust counts by
operations in ore and rock respectively. Almost 5,500 samples were
reviewed, categorized by operation, and averaged to prepare these
tables. Only samples representing typical mining operations were
included.
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Samples collected during the years 1933 to 1949 inclusive were spot
check samples of the various operations with, generally, little or no
contamination of the atmosphere by mining operations other than
the one being sampled. For this reason, the dust concentrations ob-
tained during these years could be interpreted as being somewhat low.

Bureau of Mines personnel conducted a dust study at the Montreal
mine during July and August 1936. During this study, 15 duplicate
samples were collected. One sample was collected by Bureau per-
sonnel and the other by company personnel. These duplicate samples
served to check each other’s methods. Company and Bureau samplers
both used the Greenburg-Smith impinger. The collecting medium

TABLE VI.0— Average company dust counis for operations in ore in Montreal

mine
Year Drilling Mucking Timbering | General work Average

all operations
TR o bil3 R e e 2. 40 *4. 12
R e O 6. 07 9. 76 13. 65 4. 49 *8. 490
198 s s nans 1. 79 13. 83 1. 79 3. 01 *5. 10
e e e 21. 28 20. 00 h. 19 5. 80 #13. 07
114 e S P . 53 i st 1) (SRR = 302 #3. 50
e e e e = = 6. 81 ) b s ) (S 2. 69 *7. 62
[ I R e e e 7. b4 fi. 09 1. 04 3. 79 ®5, 36
1 FUF: [ O e e 14. 07 Tl 4. 58 2. 14 *7. 13
i T O 11. 75 | e 5. 11 5. 73
B 3. 16 3. B8 3. 37 1. 98 #3. 10
e b 49 A 38 2. 90 3. 15 ®4 23
104 e 4. 42 5. 45 2 90 3. 32 *4, 02
o 11 U oLy S 5. 30 5. 42 2. 60 3. 38 *4. 15
PO 4, 59 5. 84 203 1. 74 *3. 63
YOAT o b. 55 5. 09 1. 93 2. 44 *3. 75
T L e e 3. 89 4. i L. 7l 2. 67 3. 24
12 1 0 S e o e 4. 55 a. 10 1. 90 3. 14 *3. 67
JOGI = e e 3. 70 4, 86 2. 67 2,60 ®¥*3. 45
e e 2. 67 b. b5 1. 61 177 *%2. 05
i T e 4. 30 fi. 89 2.59 4 01 | %2 20
ikt e e 3. 67 5. 16 1. 83 3. 01 *%¥2 43
1954 b 3. 60 i 1. 80 1.7 *x3. 45
i Ft T e e e S 3. 18 B 57 1. 65 3. 14 #2064
] e R S 2. 12 fi. 63 224 1. V8 .¥0 24
1 e e S e, 2 BB T.77 3. 15 3. 93 %3 16
L] e e 3. 51 7. 26 3. 89 2. 56 #4355
TSl AT L o S 3. 14 4. 42 3.08 1. 61 &332 O
{17 AR St 294 4. 48 272 1. 68 #%3 30

*Algebraic average.

**Waighted average (3-hour cxposure),
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used by the Bureau was aleohol. Distilled water was used by company
samplers. Samples were counted by identical methods. The first
seven samples collected and quantitated by company methods were 30
to 70 percent lower than the duplicate Bureau samples. After adopt-
ing Bureau recommendations and instruections for sampling and count-
ing, company quantitations were usually within 5 percent of the
duplicate Bureau samples. The Greenburg-Smith impinger was used
to collect dust samples until June 1939. After that time the midget
impinger was used.

Average dust concentrations, as determined by company samples for
the past several years, have been within recommended limits. During

TABLE VI.10.—Average company dust counts for operations in rock in Monirea

**Weighted averoge (8-hour exposure).

mine
Year Drilling Mucking Timbering | General work Average

all operations
L 3 e e 17. 27 4. 16 1. 96 1. 31 *6. 18
1 e 20. 23 5. 89 1. 68 6. 58 *3. 51
LHABEE L oo s o 8. B4 9. 08 4. 38 2. 95 *6. 31
12 e S e G 15. 05 0. 88 3. 78 3. 36 *8. 02
11 e P 8 23 9. 67 12. 00 5. 65 *8. 89
i ¢, b e e ) 12. 07 q9. 94 | B 2. 69 *H. 62
L e e 5. b4 6. 16 2 84 1. 64 *4. 04
1) R R R e 4 02 829 2. 76 2. 48 *4 39
e - L o 3. 08 5. 68 1. 83 1. 76 *3. 09
[ L 5, 8BS 4, B0 |- 2. 50 =4 40
i) S (2 5 e el ey fi. 50 4. 43 3. 20 2.72 *4, 21
11 4. 45 5. 67 2. 62 3. 11 *3, 96
g e 3. 78 2. 74 2. 27 1. 85 *2. 66
1117 | 6. 13 3. 76 1. 83 1. D6 *2. 64
110 by S S e e, 6. 30 4, 31 1. 87 2. 53 *3. 27
1948 .. ... e oLl N 2. 25 2. 94 1. 25 2.09 *2. 13
1L T 4,09 3. 44 1. 26 1. 87 *2. 67
] e 2. 40 4. 39 L. TH 1. 94 =2 23
711 | 2. 69 3. 60 1. 66 212 *%]. 62
L1 7 S 3. 04 6. 73 2.91 3. 01 +E]_ 28
111 g P 2. 20 4. 25 1. 93 2.30 *%]. 82
111 A — 1. 80 3. 64 1. 43 1. 80 ®®]_ 40
1T e 3. 30 3. 76 3. 20 2. 53 g 22
1 2. 30 4. 53 1. 56 2.04 **] 08
1t |y R AR 2. 47 3. 51 1. 58 1. 87 *#]. 83
1E e e e e 4. 11 4 57 2. 98 200 w2 68
1 ] R e 3. 46 4, 60 e 2. 24 **2. 57
110 LS A S 3. 09 4. 66 2. 48 1. 37 **2. 36

*Algebraic average.
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the 5-year period, 1956-60, the average dust concentration for each
cycle of operations in rock and ore was as follows:

Ore Rock
1 e T e S 2 92 3. 09
it B ) o [ g R e s s ot Sy Sl o e e A 6. 12 4 37
L)L ] e R T el R 2 e e e TR T 3. 03 2. 27
Genaral work. - oo -eo st s e e 2. 31 2. 08

Some pertinent practices in dust control, and the dates of their
adoption, are summarized :

BEFORE 1933

Wet drilling was used in some main-level development work in 1922
and during shaft sinking in 1927 and 1928.

1933-36

Full time of first ventilation engineer was devoted to ventilation,
dust counting, and dust control measures.

Services of Saranac Laboratories were engaged on matters concern-
ing ventilation, dust counting, and medical assistance,

Experiments with wet drilling and use of dust collectors for dry
drilling.

Dust respirators were issued to underground miners. Air-line
respirators were used by miners on rockwork.

Water sprays and “water blasts” were installed, and water was
used extensively for allaying dust.

Regulated hours for blasting were first established.

One hundred percent wet drilling was in effect by the close of this
period.

193740
Dust respirators were used by miners drilling and mucking ore and

mucking rock. Air-line respirators were used by miners during
drilling in rock.
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CHAPTER VII

The Use of the New International Radiological
Classification of the Pneumoconioses (Geneva—
1958) in the Study of Silicosis

THE crassiFicaTioN of the various abnormal lung patterns as seen in
roentgenograms of. individuals employed in dusty industries has in-
terested many investigators throughout the world over the years. The
earlier international classifications of abnormalities in chest roentgeno-
grams of pneumoconioses have been used in other countries much more
than in the United States. Fletcher and his colleagues,' ** Gilson
and Hugh-Jones? and Van Mechelen and McLaughlin,* have been
preeminent in their efforts in this area of endeavor and their recorded
experiences and suggestions are most helpful and serve as important
evaluations of international classifications,

The new international classification of radiological classification of
roentgen observations in the pneumoconioses is a good tool and some
of the advantages include the following:

1. It classifies the normal and abnormal patterns as seen in the
roentgenograms into broad categories—negative, suspect,
the several categories of simple and complicated pneumoco-
niosis—and attempts to define the abnormalities by qualita-
tive and quantitative descriptions that are included within
the scope of each category.

2. By the provision of standard reference roentgenograms, visual
examples are shown of the various abnormal patterns, which
are more effective tools than text definitions and deseriptions.

3. By providing standard definitions, terms, and symbols, it lends
itself to good statistical evaluation, offers a beginning in
overcoming the barriers of language and usage which have
impeded international comparisons in the past, facilitates
comparisons between industries, and makes comparisons
within industries between different time periods more prac-
ticable.

Until the time of the 1958-61 revaluation of silicosis in the metal
mining industry, the Public Health Service, the States, and other

*Numbers refer to reference list at the end of the chapter.
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major research groups in the United States concerned with major
studies of the pneumoconioses had not considered seriously the use
of international elassifications,® but had used or modified existing film
classifications.

At the beginning of this study of the metal mine workers, however,
the Public Health Service had recently participated in the 1958 1.L.O.
meeting in (Geneva which resulted in a revision of the 1950 L.I.O.
radiologic classification.®* The I.L.0. Geneva classification of 1958
stressed the value of achieving international application of the classi-
fication to codify radiologic appearances in a simple reproducible way
which would facilitate statistical and epidemiologic investigations to
assess the size and nature of pneumoconiotic problems and determine
the steps to be taken for the control of the disease and comparisons of
studies between industries and industrial countries.

In planning the metal mine study, it was decided to insure expert
and unbiased interpretations of the chest roentgenograms by a selected
panel of radiologic consultants who would study and interpret the
roentgenograms without any knowledge of the miner or of his occupa-
tion within the mining industry. The consultants would not repre-
sent either the mineowners, the labor unions, or any governmental
agency. The three radiologists who were invited and agreed to serve on
the panel were:

Benjamin Felson, M.D., professor and director, Department of
Radiology, University of Cincinnati College of Medicine, Cin-
cinnati General Hospital, Cincinnati 29, Ohio.

George Jacobson, M.D., professor and head, Department of Radio-
logy, University of Southern California School of Medicine
and Chief Radiologist, Los Angeles County Hospital, Los
Angeles 33, California.

Eugene P. Pendergrass, M.D., emeritus professor, Department of
Radiology, Hospital of the University of Pennsylvania, Phil-
adelphia 4, Pa.

This newly formed panel of radiologists discussed the pros and cons
of using the new 1958 1.L.O. classification at its first meeting early
in 1959 and decided to attempt its nse.* Although the I.L.O. sets of
standard reference roentgenograms were not yet available, and did
not. become available in final form until many months later, an at-
tempt was made to categorize each roentgenogram within the classi-
fication according to the written definition and description of each
category. After a trial period the panel became satisfied with the
classification and used it throughout the study. These consultants

*Subsequently the Pennsylvania Department of Health initiated a survey of
central Pennsylvania coal miners in 1959 and also used the LI.0O. 1968 classifi-
cation in classifying the chest roentgenograms taken during the survey.?
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read and reported their findings on each film independently to the
Public Health Service upon specially prepared rating sheets supplied
with each shipment of films. These separate readings and a con-
sensus reading were then entered in the miners’ records.

The process of each panel member learning the new classification
and applying it uniformly was somewhat difficult especially during
the early months of the study. Wall charts were prepared for easy
reference to the schematic presentation of the classification and to the
basic definitions shown in figure VII.1. Discussions were held at
each regular quarterly panel meeting to erystallize the panel’s think-
ing on classifying the roentgenograms which presented problems,
especially in the “gray areas” between categories,

As the study continued, the panel members gained valuable experi-
ence In studying and interpreting a large number of roentgenograms.
Asa result of discussion and comparison of variations in interpretation
at quarterly meetings, it was noted that a decreasing number of roent-
genograms needed reconsideration. There were numerous problems,
however, that arose from time to time that required special attention.

With the large volume of roentgenograms being processed, it was
not feasible to attempt to review all films at the quarterly meetings to
reconcile disagreements in interpretation among the three members of
the panel. Then, too, it was found that there was sometimes a lack of
unanimity even after such a review and discussion. Under such
eircumstances, the “consensus interpretation” (reading) was developed
on a majority rule basis, with certain exceptions. Examples of such
include the following :

1. If two panelists selected the category “1m” and one selected
“2n’"; the consensus was “Im.”

2. If there were two who recorded “A,” and one a “B,” the con-
sensus was entered as “A.”

3. If there were two “Z" interpretations and the third was “0O"
or “2p,” the consensus was “Z."”

4. An exception to a majority obtained when there were two *0”
interpretations and one positive reading. The recording was
“Z"” which is a doubtful category based on a positive interpre-
tation by one radiologist.

In all of the readings of the “A,” “B,” or “C” categories of con-
glomerate and massive lesions which indicate complicated silicosis,
an effort was made also to eategorize the background of small opaci-
ties. The majority rule held for qualitative and quantitative evalua-
tion of the small opacities and the large lesions. Thus a “B2m,”
“C2n,” and a “B3n” interpretation would be rated as a *B2n” con-
sensus. It was possible to obtain a background reading on almost
every roentgenogram on which the large opacities could be classified.
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The question of the “L" category indicating numerous linear or
reticular opacities within the pnenmoconiosis classification was a prob-
lem from the beginning of the study. The “L" designation appeared
infrequently on the panel’s interpretation and, when it did, there was
lack of agreement. Accordingly, after using the “L” category for
many months, the panel agreed to omit this category from the classi-
fication sheets. This did not affect the use of the “Z” category for
roentgenograms considered to be “suspect” or “doubtful” because of
the presence of abnormal lung markings or questionable nodules sug-
gestive of silicosis.

There are a group of shadows that are seen in the lower lung fields
near the costophrenie sulei and the lateral chest wall in some of the
metal mine workers. The lines have been considered by Kerley ® and
others and are commonly referred to as Kerley’s “A,” “B,” and “C”
lines. Some of the panel members believe that these lines when pres-
ent represent abnormal changes and one member believes that he has
recorded such changes in healthy chests without cardiac lesions and
without harmful dust exposure.

It is not thought that the I.L.O. classification (1958) is a finished
produet ; in fact, an important conference was held in April 1962 with
some of the pneumoconiosis investigators in the United Kingdom
which provided additional suggested modifications of the classification
that may lead to a better understanding and stimulation of its use by
others.

The need for additional symbols beyond the nine listed in the I.L.O.
classification to show other significant abnormalities of the chest was
apparent soon after the study was begun. The last five symbols in
the list recorded below were added to the checklist of additional
symbols.

co—abnormal cardiac outline. tb—tuberculosis suspect.

ep—cor pulmonale. ca—eancer suspect,

cv—cavity., en—ealeified nodules in small
di—significant distortion. opacities.

em—marked emphysema. es—eggshell caleification.
hi—abnormal hilar shadows. nt—nontuberculous infection.
pl—pleural abnormalities. ns—probably not silicosis.

px—pneumothorax.

Old tuberculous scars and other lesions were described separately
as seemed desirable under “Remarks™, and any likely significance
noted. Ghon-like calcifications were not routinely recorded.

During the course of the panel meetings, it was noted that rather
frequently well-defined eggshell ealcifications oceurred in the hilar
nodes in association with the characteristic lung field pattern of sili-
cosis. After several discussions, which drew upon the evidence ob-
ained in the study and upon the earlier experience of the panel, it
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was agreed to try to determine whether eggshell caleifications are a
diagnostic sign of silicosis, even sometimes in the absence of other
characteristic lung field markings.

Accordingly, all reentgenograms previously interpreted showing
any suggestion of eggshell caleifications were reviewed again in-
dependently and again in discussion at the panel meetings.

After considerable discussion it was agreed that shadows suggestive
of eggshell caleification must meet certain well-defined criteria to be
considered as a diagnostic sign of silicosis. These criteria are:

1. The presence of shell-like calecifications measuring up to
2 mm. In thickness in the peripheral zone of at least two
lymph nodes,

2. These calcifications may be solid or brolen.

3. In at least one of the lymph nodes the ringlike shadow must
be complete.

4. The central portion of the lymph nodes may show, in addi-
tion, speckled calcification.

5. The affected lymph node must be at least 1 cin. in its greatest
diameter.

Sinece the adoption of these criteria, 47 roentgenograms were classi-
fied as showing well defined eggshell caleifications. Of these 47
roentgenograms, the lung field markings of 31 also were classified
as showing simple or complicated silicosis, 10 with Z or doubtful mark-
ings, and 6 with an O or negative interpretation for the lung fields
themselves.

Another problem that arose was that involved when a eclassifica-
tion was made of a category (3m for example), indicating simple
silicosis, but one or two of the readers thought there was a conglom-
erate shadow which was suspect or positive for a large opacity. Ac-
cordingly it was agreed to provide an additional category “AX"
signifying suspicion of a large opacity or coalescence in addition to the
specified category indicating simple silicosis. Thus a consensus read-
ing of 3mAX still denoted simple silicosis but indiecated that either
two readers thought it was also suspicious of complicated silicosis or
that only one reader thought it showed evidence of the A category in
addition to the 3m reading. Therefore, this coding of AX merely
indicated that the roentgenogram in the simple silicosis category is
also suspect in regard to complicated silicosis. It is believed that this
is an important addition to the elassification in suggesting a possible
transition stage from simple to complicated pneumoconiosis.

Variations in readings between the qualitative readings p, m, and
n were observed rather frequently, especially between m and n.  Sim-
ilarly there were variations in the quantitative readings of categories
1, 2, and 3, especially between categories 2 and 3. Generally, however,
two of the three panelists would agree on m versus n, and category 2
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versus 3, so it was usually rather easy to arrive at a consensus for
these categories. An exception would be when other problems were
involved such as the third reader considering the roentgenographic
findings outside of the grouping of simple silicosis.

During the course of the quarterly meetings, the question arose on
several occasions as to whether there was sufficient difference between
categories 2 and 3 to justify what was often a difficult decision. The
same question arose as to the distinction between the “m” and “n”
sized nodules, which was frequently a problem. In both instances, it
was agreed to continue using these categories.

Another problem that came up for consideration late in the second
year of the study was the retention of category 1. It was noted that
this category had been utilized rather infrequently and there was often
a problem as to whether the shadow pattern might rather be classified
as category 2, or sometimes even Z or doubtful. At the same time,
there was the possibility that as the panel had gained experience with
the classification there may have been a change in practice in classify-
ing such films in this category. The question of possible changes in
reading practice also came up with regard to the Z or doubtful classi-
fication. It was thought that the standards for reading this category
might have changed over the 2-year period films were being read.

Accordingly, it was agreed to reread independently all the cate-
gory 1, and the category Z films read up to that time, i.e., through
the first 40 mines surveyed during the study. The rereading of the
category 1 roentgenograms satisfied the panel that the category should
be retained as a useful one in the classification to show early silicosis.
The rereading of the roentgenograms classified as Z or suspect showed
that the panelists had been drawing closer together on their interpre-
tations and that a sizable proportion of roentgenograms with a previ-
ous consensus of Z had now reverted to the O or negative classification.
The net result of these rereadings of both Z and category 1 films was
to change a subtsantial number of roentgenograms from Z or “suspect”
to the O or negative category.

The analysis of chest films classified as negative or suspect with
regard to sﬂlcusm slmple- silicosis and complicated silicosis has been
discussed in detml in chapter V, and the relationship of silicosis to
the many variables in the metal rnining industry has been shown. The
relationship of the several categories of silicosis to dyspnoea or
breathlessness was also deseribed,

Table VII.1 shows the I.I.O. categorical classification of all 476
chest films considered to be consistent with a diagnosis of silicosis in
the study group of 14,076 metal mine employees. Tt will be noted
that in the 305 chest films showing simple silicosis, the great pre-
ponderance of films, 213 in all, were classified as category 2, which
seems to be typical of simple silicosis. Of these 213 category 2 films, a
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large majority, 163 cases, were classified as eategory m, meaning small
opacities usually from 1.5 mm. to 3 mm. in diameter. Thus, the
classification of 2m accounted for over one-half of the films showing
evidence of simple silicosis.

TABLE VIL.1.—I.L.O. radiological classification of silicotic chest films in study
group of 14,076 metal mine workers

Small opacities—simple silicosis
Grand total T
Category 1 Category 2 Category 3
476 Tuotal i} m n Total il 1 l n Total ‘ p m n
Sl oo 44 2| 42 51 213 | 33 |163 | 17 29 8|17 4
Large opacities—complicated silicosis
Category A Category B Category C
Total 1 2 3 Taotal 1 Z 3 Total 1 2 3
1T oo | f104 | 16 | 62 | 19 | **44 0| 32 | 11 123 01 11 11
Tatal P m n Total P m il Total P m n
Pl | FlOd 4 | 72 | 21 | **44 03112 123 1118 (i
I I

*Tncludes 14 films exgzhell only, without other classification.
tIncludes 6 films ZA, 1 Alm A only.

**Includes 1 film ZB.

{Includes 1 Alm C only.

Of the 171 chest films considered to indicate complicated silicosis,
by far the largest number, 104, were considered to be in the least ad-
vanced grade, category A—meaning a large opacity (ies), ranging
from 1 em. up to 5 em. in the greatest diameter. Category B, indi-
cating more advanced complicated silicosis, accounted for 44 cases,
while the most advanced group, category C, contained only 23 cases
or about 5 percent of all silicotic films. It was noted throughout this
study that there were few of the far advanced silicotie films frequently
observed in the early studies of the Public Health Service,

In considering the background of small opacities of the 171 films
included in the A, B, and C categories, the categories 2 and m again
dominated the pieture with 105 films classified as belonging in category
2, and 118 films showing category m opacities. A difference was
noted in the most advanced category C, however, where about half of
these films were also classified with a eategory 3 background and two-
thirds also were classified as category m.
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Table VII.2 shows the broad IL.O. radiological classification of
the 12,487 chest films from the 50 metal mines where length of exposure
has been shown previously in chapter V. It will be noted that in the
3 broad years-of-exposure groups, the percent of normal or nonsilicotic
films decreases from 97.6 percent to 82.6 percent. It will be noted
that after 25 years of mining the rates of doubtful and silicotic cate-
gories increases rather sharply in those categories with sufficient num-
bers to make a valid comparison.

TABLE VIL.2.—I.L.0. categorization of lung field markings by years of work at 50
melal mines®

Years at metal mines
Tuotal

0-25 25-34 34
Lang field markings

Workers examined

Number | Percent | Number | Percent [Number| Percent |Number! Percent

Total ... 12, 487 1100. 0 {10, 744 (100. 0 |1, 221 (100. 0 522 | 100, 0
Noaosilicotie. . _____ 11,928 | 95. 5 |10, 482 | 97. 6 1,015 | 83. 1 431 82. 6
Doubtful ._________ 133 il | 81 o | 36 29 16 3.1
Category 1...__..._ 43 .4 21 a5 19| 1.6 3 . B
Category 2........ 186 | 1.5 92 .9 68 | 5.6 26 50
Category 3_______. 29 o 14 ol it T 6 1. 1
Egegeshell . _________ 14 .1 4 .0 6 2l 4 .
Category A.._____ 97 . 8 37 .3 40 | 3.3 20 3. 8
Category B._____._ 39 .3 7 ik 18| 1.5 14 BT
Category C______. 18 i 6 - | 10 5 . .4

*Excludes uraninm mine workers,

Table VIL3 shows additional categorical listing of all 14,858 chest
films taken in the X-ray survey including the 14,076 films included in
the study group, and, in addition, the films which were not included
for reasons discussed previously; such as more than 5 years of expo-
sure in other dusty trades.

Among the 337 films classified as simple silicosis, over two-thirds
of the films were classified as 2m (182), 1m (46), or 2p (36), with
relatively few in the remaining categories of simple silicosis. Sixteen
of the thirty-one eggshell cases not otherwise classified appear in this
grouping. Of the 337 cases classified as simple silicosis, 138 films
were also designated AX, meaning a suspicion of coalescence or large
opacities,

Of the 185 films classified as complicated silicosis, the largest num-
bers in the detailed analysis fell within the categories A-2m (47),
B-2m (25), A-1m (16), A-2n (15), A-3m (12), and C-2m (10), but
there was a wide scatter throughout the other categories.
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From the experience gained in this study of silicosis, the problem
of classifying chest roentgenograms by three experienced interpreters
is relatively simple within the broad I.L.O. groupings of small
opacities, consistent with simple silicosis, and large opacities, con-
sistent with complicated silicosis. There were somewhat greater
problems involved in classifying roentgenograms in the gray zones
between early silicotic changes, the doubtful or suspect groups, and a
negative reading. Not infrequently there were one negative and two
positive readings:; one negative and two suspect readings; one positive,
one suspect and one negative reading: or any combination of these
early or borderline changes so important in evaluating pneumoconiosis
control programs. While the experience gained by reading and dis-
cussing a great volume of roentgenograms during this study reduced
this problem very considerably, there is sometimes a real difference of
opinion as to whether a given roentgenogram is within normal limits,
or within the suspect or early silicotic categories. Apparently this
situation occurs with any kind of classification. It is believed that
the consensus rating of “Z" or doubtful is an important one to help
with this problem. Serial film studies and special radiological tech-
niques will reconeile many of the problem cases.
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APPENDIX

Effects of Silicosis and Other Factors on Pulmonary
Function

INTRODUCTION

Tue rwo smernons for making certain tests of pulmonary ventilatory
function by a series of single maximal exhalations were described in
chapter V, page 107. These tests were made with the Collins 6 liter
recording vitalometer and the Wright peakflow meter. These instru-
ments were selected as being suitable for use under the many conditions
of testing encountered during the field study of silicosis in the metal
mining industry.

Four measurements were made of pulmonary ventilation function:
(1) Peak expiratory flow (PEF) measured in liters per minute; (2)
forced expiratory 1-second volume (FEV,) measured in liters; (3)
forced vital capacity (FVC) measured in liters; and (4) forced ex-
piratory 1-second volume divided by forced vital capacity (FEV,/
FVC) measured in percent. This section of the report deals primarily
with the effects of silicosis on these pulmonary function test results.
In addition, some estimates of the effects of other factors have been
made. Factors believed to be relevant to pulmonary funetion testing,
other than silicosis, and which can be accounted for in this analysis
include :

Height.

Age.

Smoking history.
4. Number of years in underground mining.
5. Total years in mining.

As shown previously, X-ray evidence of silicosis was not found in
men under 35 years of age; consequently they have been excluded
from this presentation. For men 35 years of age and over, complete
information was available for chest X-ray findings, all 4 measures of
pulmonary function, and all of the 5 other variables noted above on a
total of 7,817 actively employed metal mine workers. The following
analyses have been confined to these 7,817 men (there were no females
in the study group).

e
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EFFECTS OF SILICOSIS ON PULMONARY FUNCTION

The effects of silicosis on pulmonary function were estimated by
developing predicted test results on the basis of men without silicosis
and comparing these with test results actually observed in men with
silicosis. The 7,817 men included in this analysis have been classified
on the basis of X-ray chest findings as follows:

No. of
Cases
Group 1: Those whose chest film was coded 0, meaning no X-ray evidence
of silicosis or other pnenmoconiosis, or 1, meaning suspected or doubtful
DA O N e e e UL 7,404
Group 2: Those whose chest X-ray film was coded 2, meaning changes con-
gistent with simple silicosis. o oo 267
Group 3: Those whose chest X-ray film was coded 3, meaning changes con-
sistent with complicated silicosis oo oeee oo 146

These three groups are referred to in this report as the groups with
no silicosis, simple silicosis, and complicated silicosis. Only 1.7 percent
of the films in group 1 were coded 1; the rest were coded 0.

Table A.1 shows the average values for each of the four measures
of pulmonary ventilatory function tests for men with no silicosis,
simple silicosis, and complicated silicosis. For every one of the four
measurements of pulmonary function, the average value is less for
those with silicosis than for those with no silicosis. Also, for every
one of the four measurements, the average value is less for those with
complicated silicosis than for those with simple silicosis,

TABLE A.1.—Average values for four measurements of pulmonary function of metal
mine workers 35 years of age and over with and without silicosis

1 Measurement of palmonary function
Metal mine workers with— NMumber of At
workers
PEF FEV, FvQ FEVHFVD
Mo gilieoain. ..o oo i s 7, 404 483 2. 06 4 22 70. 1
Simple silicogis. .- __._ .. _ 267 441 2. i1 3. 95 6. 3
Complicated silicosis.__________ 146 382 2.4 | 3. 68 63. 1

The comparisons in table A.1 are complicated by the fact that the
metal mine workers with silicosis tend to be older and to have worked
more years in mining than those with no silicosis and, as noted above,
these factors no doubt have some effect on pulmonary function. The
decline observed in table A.1 cannot, therefore, be entirely attributed
to silicosis. Table A.2 shows that the average metal mine worker
with complicated silicosis was 8 years older and worked in under-
ground mining 10 years longer than the average metal mine worker
with no silicosis. He has also spent more total years in mining and
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he had a lower average code for smoking. The complete code for
smoking which is used in this report is shown in table A.3; former
smokers are given a relatively low value in the code. The lower aver-
age smoking codes for workers with silicosis reflects the higher pro-
portion of men among the silicotic groups than among the nonsilicotic
group who reported having discontinued smoking.

TABLE A.2.—Average values for 5 factors of metal mine workers 35 years and over
with and without silicosis

Smoking|Years in| Total
Metal mine workers with— Number of | Height | Age {code | under- | years
workers | (inches) | (years) | from 0 | ground in
1o B0} mining | mining
MNMosilicosis. - oo eca oo T, 404 (1 62.9 | 46.2 | 8224 | 11. 4 16. 5
Bimple silicosis_ _ _ _ ... ________ 267 | 68.5 | 52.6 | 30.3 | 19.7 | 249
Complicated silicosis_ _ _____._____ 146 | 68.7 | 54.6 | 28.3 | 21.7 | 28. 6

TABLE A.3.—Classification of the cigarelle smoking hislory among metal mine
workers

Code Definition

0 | Never smoked cigarettes.

10 | Former cigarette smoker (ceased smoking more than 1 vear ago).
20 | Smoked for less than 10 years and now smokes less than Y pack per day.
30 | Smoked for 10-24 years and now smokes less than % pack per day, or,
amoked for less than 10 years and now smokes '4—1 pack per day.
40 | Smoked for 25 or more vears and now smokes less than 4 pack per day,
or smoked for 10-24 years and now smokes Y%-1 pack per day, or smoked
for less than 10 years and now smokes over 1 pack per day.
50 | Smoked for 25 or more years and now smokes Y%-1 pack per day, or smoked
for 10-24 years and now smokes over 1 pack per day.
60 | Smoked for 25 years or more and now smokes over 1 pack per day.

Table A4 compares the pulmonary function test results observed
among men with silicosis with test results which would be predicted
from an analysis of the 7,404 active metal mine workers without sili-
cosis. Predicted values were obtained in the following manner: The
7,404 metal mine workers with chest films that were negative for sili-
cosis were used to establish a mathematical formula showing the
simultaneous relation between pulmonary function and all five of the
factors shown in table A.2, using a multiple regression technique. The
resulting formulas are presented in table A.5. Only those coeflicients
that are statistically significant at the 1-percent level are shown in
table A.5, which is discussed subsequently.
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TABLE A.4.—Comparison of observed values of pulmenary functions for metal
mine workers 35 years of age and over who have silicosis with values predicted Sfrom
metal mine workers without silicosis

Measurement of pulmonary function
Metal mine workers with—
FEF FEV: FVQ FEV/FVC

Simple silicosis:

Predicted .. ______________ 457 2.7 3. 04 G680

Observed. . oo ________ 441 2. 61 3.95 66. 3

Percent reduction__________ 4 4 0 3
Complicated silicosis:

Predieted__ _______________ 453 2 67 3. 89 67. 4

Observed. - -co__.________ 382 2. 41 3. 68 63, 1

Percent reduction._________ 16 10 5 6

Using the formulas in table A.5, the predicted value of pulmonary
function can be computed using average values for the characteristics
of height, age, smoking, years in underground mining, and total years
in mining. These formulas were used to compute the predicted value
of pulmonary function for groups with no silicosis but having the
same average values for these characteristics as the metal mine work-
ers with simple silicosis and with complicated silicosis. This was done
by substituting in the formulas the average values for the char-
acteristics of these groups as shown in table A.2,

TABLE A.5.—Formulas relaling J measurements of pulmonary function to height,
age, smoking, underground mining employment, and total mining employment for
7,404 melal mine workers 35 years of age and over with no silicosis

Formulas
PEF= 271.84+ 595X,— 3.83X,— 0.74X,—0.77X, +0.67X;
FVC=~— 3.90+ 0.139X,— 0.029X,—0.002X, —0.004 X

FEV,/FVC= 123.86— 0.499X,— 0.355X,— 0.092X;— 0.071X,+0.049X;

Symbals:
X =Height rinches).
X:=Apge (years),
Xy=Amount of smoking (see table A.3),
Xy=Nuomber of years in underground metal mining.
Xy=Total number of years in metal mining,
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To illustrate how these results were obtained, the computations
are shown for obtaining the predicted value for PEF in a group hav-
ing the average characteristics of metal mine workers with compli-
cated silicosis, which is shown in table A.4 to be 453 liters/minute.
Substitution of the values in Table A.2 for height, age, smoking,
years in underground mining, and total years in mining into the
formula for PEF yields:

PEF=271.8+595X68.7T—3.83 X54.6 —0.74 X 28.3—0.77 X 21.7
+0.67 X 28.6

=971.84+408.765—209.118—20.942—16.7094+ 19.162
=9271.84+181.158
=453 liters/minute

These computations yield a predicted value of 453 liters per minute
for nonsilicotic metal mine workers having the same average char-
acteristics as those with complicated silicosis; this can be compared
with the average value of 382 liters per minute actually observed for
the group with complicated silicosis as shown in table A.1. The per-
cent reduction of the observed value from the predicted value is 16
percent.

It must be borne in mind that there 1s a large amount of variation
from one metal mine worker to another in the measurements of pul-
monary function. Five of the factors that might produce this vari-
ability have been taken into account in computing the reduction of
16 percent in PEF for metal mine workers with complicated silicosis.
There are undoubtedly other factors affecting pulmonary function
that have not been taken into account. If it is assumed that the [re-
quency of these other factors is no different among metal mine workers
with complicated silicosis than it is in those with no silicosis, then
the reduction of 16 percent can be attributed to complicated silicosis.

In table A.4, all the reductions in pulmonary function are statisti-
cally significant at the 1 percent level, with the exception of FVC and
FEV,/FVC for metal mine workers with simple silicosis.

The formulas presented in table A.5 yield only approximations
since in order to simplify the computations an assumption was made
that the relationship of the independent variables (i.e., age, height,
etc.) to pulmonary function test results was linear and additive. In
general, this assumption is probably valid and the formulas presented
in table A.5 are useful in describing the contributions of each of the
five variables studied to pulmonary function test results when average
values near the mean values shown in table A.2 are used. The results
may become less reliable as the characteristic values substituted in
the formulas depart farther from the means shown in table A.2.
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EFFECTS OF OTHER FACTORS ON PULMONARY
FUNCTION

Table A.6 presents estimates of the separate effects of aging, smok-
ing, and underground mining on pulmonary function test results. In
compiling these data average values for miners without silicosis were
assumed. For example, data for aging compares pulmonary function
for a group of men without silicosis of average height, smoking, and
work history (see table A.2), who are 35 years of age with a group
otherwise comparable but who are 55 years of age. Similar compari-
sons are made for men who do not smoke (smoking code 0) and heavy
smokers (smoking code 60) ; and for men without a history of under-
ground mining and men with 20 years of underground mining.

TABLE A.6.—Average decline in 4 measurements of pulmonary function associated
with 20 years of aging, smoking, and 20 years of underground mining, among
metal mine workers 56 years of age and over without silicosis

Measurement of pulmonary function
Predicted value of pulmonary function =i ==
PEF FEV, FVQC FEV,/JFVC
Aging:
Forame Bl oo coo ot D 526 3. 36 4. 53 74. 1
Forame Bl oo s e e 449 2. 68 3.95 67. 0
Percent reduetion__ ... _.______ 16 23 14 10
Smoking:
Noamakinga o e o e deata o Sy 507 3.15 4, 27 73.1
Heayy-amoking-co oo i o e 463 2. 83 4. 15 67. 6
Percent reduction. ... .- ______ _ 9 10 3 8
Underground mining:
No underground mining____________ 492 3. 01 4. 21 70.9
20 years underground mining________ 476 2. 96 4. 21 69. 5
Percent reduction.._._____________._ 3 2 0 2

It is apparent that of these three variables the effects of aging are
by a considerable margin the most important. Underground mining,
by the method of caleulation used, had only a small effect on pulmo-
nary function measurements when other relevant factors were held
constant in this large group of metal mine workers with no X-ray
evidence of silicosis.

It is of interest to compare the effects of silicosis on pulmonary
function (shown in table A.4) with the effects of other variables
(shown in table A.6) even though the data in tables A4 and A.6 were
derived somewhat differently. Generally it may be stated that com-
plicated silicosis probably has almost as much effect on pulmonary
function as 20 years of aging and that cigarette smoking is of con-
siderable importance even when compared with silicosis.
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CORRELATION BETWEEN FOUR MEASUREMENTS
OF PULMONARY FUNCTION

To answer the question of how the four measurements of pulmonary
function are related to each other, the correlation coeflicient of each of
the tests with each of the other tests was computed. This was done
separately for each of the three groups of metal mine workers, i.e.,
those with no silicosis, those with simple silicosis, and thoese with
complicated silicosis. The results are presented in table A.7T.

TABLE A.7.—Correlation cocfficients among 4 measurements of pulmonary function
Sfor metal mine workers 35 years of age and over

Correlation coefliclent for workers with—
Comparizon of pulmonary function measurements = ==
No silicosis Simple Complicated

silicosis silleosls
o ] 0. 74 0. 70 0. 67
PR with PEE. . oo o . 68 .75 .12
FEY; with FEV./FVC e e . 63 . B4 . 60
d e o S B e e . 46 . 46 . 69
BN wih FENG VO ot . 03 .09 . 26
PEN with PEVIFVC. . e e iaananias o . 52 . 87 .70

All the correlation coefficients shown in table A.7 are statistically
significant at the 1-percent level, with the exception of the correlation
between FVC and FEV,/FVC in the 7,404 metal mine workers with
no silicosis and the correlation between FVC and FEV,/FVC in the
267 metal mine workers with simple silicosis. These two correlations
could easily have occurred by chance,

Among the metal mine workers with no silicosis, the FEV, is highly
correlated with FVC. When FEV, is divided by FVC, the ratio
FEV,/FVC is no longer correlated highly with forced vital capacity.
As would be expected, PEF is correlated more highly with FEV,
than with either of the other two measurements of pulmonary func-
tion.

For the group of metal mine workers with simple silicosis the cor-
relation coefficients are about the same as for the group of nonsili-
cotics. For the group of metal mine workers with complicated silicosis
there are two departures from the correlation coefficients observed in
the group with no silicosis and in the group with simple silicosis.
The' first departure is that FEV,/FVC retains some degree of cor-
relation with FVC even though the ratio contains FVC as the denom-
inator. This probably reflects the fact that the denominator FVC is
itself reduced on the average because these men have complicated
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